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PEEF4CE 


The publication of the present edition of th‘is work has beenpdelayed by circum- 
stances arising out of the Groat War. Some of those who contributed to previous 
editions were actively engaged as combatants ; others were employed in munitmn 
work or in industries closely associated with such work, and consequently were 
unable to find time or opportunity to revise their articles until the conclusion of 
hostili^iies. Some valued contributors were no longer with us, and it was 
necessary^to make fresh arrangements in regard to new writers. Pr^yision also 
had to be made for additional articles necessitated by the ^gjg^pment of chemical 
industry since the flate of the previous edition. From the fact that practically 
the whole chemical energies of the country were concentrated on the prosecution 
of the war it was impossible to make rapid progress with the revision of a work 
of this magnitude. 

It has become a truism to say that Applied CJjfemistry has exerciied a profound 
influence on the character and direction of the war, It is equally true that the 
war has exercised a great influence on Applied Chemistry. It has led to an 
enormous expansion, more or less permanent, of certain branches, both in this 
country and abroad. New products have been made,^*new processes have been 
devised, and established methods have been improved and extended. In spite of 
the economic and other evils which have followed in its train, there can be no 
doubt that the war will be found to have permanently affected fo£ good the 
progress of manufacturing chemistry in this country, and indeed in all English- 
speaking countries. Whilst the disturbance and strain of the past half-dozen years 
have seriously affected the development of pure science and the output of chemical 
research, Applied Chemistry has J^een quickened in certAn directions. The 
financial an(^ industrial collapse which has overthrown our late enemies will, it may 
be presumed, tend still further t^celerate the expansion of our own chemical 
manufactures. Gejj^any, for tjje present at all events, no longer holds . the 
supreme position in certain branches in chemical industry that she enjoyed prior 
to 1914, and it may be doubted whether, under her altered social and economic 
conditions, she will ever recover it. ^ 

It is too soon to be in a position to Aironicle al^the results, a| regards chemical 
manufacture, which have arisen from 4he intensive application of j^hemists during 
the past! strenuous years. Much is of character that in the ^res^t disturbed 
state of tha wo|ld it would* bd ^expedient ^ ihake public. On certain matters, 
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no aiii||^ta(ive information can be obtained. This will explain why 
au^lllFaoturiijI details of several new protases in connection with munitions have 
uqj^be^'givfeh. 

entire Wrk has been carefully repisod, and so much new matter included 
that it lias been found neceitsary to enlarge it, andc six volumes will certainly be 
needed, and it is possible that a seventh will be required. It is to be hop?d that 
in its present form the book may still be considered as a reasonably adequate 
presentation of the staje of contemporary knowledge concerning the applica-* 
tions of Chemical Science. * 

A list of the contributors, with^the titles of their articles, is prefixed to the 
several volumes. T&eir names and standing are a sufficient guarantee that, as in 
previous editions, every effort has been made to make the Dictionary a faithful 
re<K>rd of the present relations of chemistry to the arts and sciences. 



ABBBEVIATIOJS^S ’ 

OF TgB TITLES OP JOURNALS AND BOOK| 


Amer, ^km, J, 
Atner, J. Pharm. . 
Amer, J. Sd. . . 
AvMl Fis. Quim. . 
Analyst .... 
Annalen .... 
,Aim, anal. . 

An^, Chim. . . . 
Ann. Falsi /. . . . 
%4nn. Inst. Pasteur. 
Arvn. Physik. . . 
Ann. Physique . . 
Annali Chim. Appl. 
Apoth. Zeit. . . . 
Arch. Pharm. . . 
Atii B. Accad. 

Lined .... 
Bentl. a. Trim. . . 

Per 

Ber. Deut. pharm. 

Oes 

Bied. Zentr. . . . 
% 

Bio-Chem. J. . . 
Biochem. Z^tsch . 
Brewers J. . . . 
Bull. Imp, Inst. . 
Bull. Soc. chim. . 
Chem. Ind. . . . 
Chem. News . . . 
Chem. Soc. Proc. . 
Chem. Soc. Trans. 
Chem. WeekbLqd . 
Chem. Zeit. . . . 
Chem. Zentr. . . 
Compt. rend. . . 

Dingl. poly. J, . . 
Fdrher-Zeib. . . . 
FlUck. a. Hanb, . 

Frdl 

Gazz. chim. ital. . 
PLelv. Chtm. Acta . 
Jahrb. Min. . . . 
J. Amer. Chem. Soc. 
J. Bd. Agric. . . 
J. Franklin Inst. . 
J. Ind. Eng. Chem. 
J. Inst. Brewing . 
J. P}wwm, Chim. . 
J. Phys. Chem. 

J. w. Chem. . . 
J. Muss. Phys. Chem. 
Soc . ...;.. 

I. Soc. Chem. Ind. 

J. Soc. Byers. . . 
J. Tokyo Chem. Soc 
J. Washington Acad. 

Sd 

Kolloid Zeitsch. . 
Met. dt Chem. Eng. 
Min. Mag. , . . 
Monatsh. .... 

Phonic. . . . 
Pharm, ZdU . * 


I Amerioan Ohemioal Jour^. 

American Journal of Pharmacy. 

I American Journal of Science. 

Anales de la Sociedad Espahoja FisicELy Quimioa. 

The Analyst. f / 

Annalen derChenrie (Justus Liebig). • 

Annales de Ghimle analy tique appliqu6e k I’lndostrie, 4 T Agriculture, 
4 la Pharmacia et 4 la Biologie. 

Annales de Ohimie. 

Annales des Falsidcations. 

Annales de I’lnstitut Pasteun 
Annalen der Physik. • 

Annales de Physique. 

Annali di Ghimica Applicata. ^ 

Apotheker-Heitung. 

Archiv der Pharmazie. 

Atti della Keale Accademia del Lincei. 

Bentley and Trimen. Medicinal Plants. 

Berichte der Deutsohen chomisohen Gesellsohaft. 

Berichte der Deatschen pharma^cutischen Gesellsohaft. 
Biedermann’s Zentralblatt fiir Agrikulturohemie und rationellen 
Landwirtschafts-Betrieb. 

The Bio-Ghemical Journal. 

f iochemischo Zeitschrift. 
rewer’s Journal, 

Bulletin of the Imperial Institute. 

Bulletin de la Sooi6t6 chimique de France. 

Ohemischo Industrie. 

Ghemical Nows. 

Journal of the Ohemioal Society of London. Proceedings. 

Journal of the Ohemioal Society of London. Transactions. 
Ohemisoh Weekblad. 

Ghomiker Zoitung. 

Ghemisches Zentralblatt. 

Gomptos rendus hobdomadaires det^ Seances de TAcad^mie des 
Sciences. 

Dingler’s polyteohnisches Journal. 

Farber-Zeitung. 

Fliickiger and Hanbury, PharmaoographlA. 

I Friedlander’s Fortschritte der Teerfarbenfabrikation. 

Gazzetta ohimioa italiana. 

Helvetica Ghimica Acta. 

Neues Jahrbuch fur Mineralogle, Geologie und Palaeontologie. 
Journal of the American Chemical Society. * 

Journal of the Board of Agriculture. 

Journal of the Franklin Institute, 

Journal of Industrial and Engineering Chemistry. 

Journal of the Institute of Brewing. 

Journal de Pharmacia et de Ohimie. 

Journal of Physical Chemistry. 

Jourual^ur ^aktis(Ae Ohemie. 

Journal of the Physkal and Chemical Society of Bussia, 

Journal of the Sociefy of Chemical Industry. 

X nal of the Society Cf Dyers and Colourists, 
nal of the T^yo Chemical Society. 

Journal of the Washington Academy of Sciences. 
Kolloid-Zeitschrift, 

Metallurgical and Ohemioal Engineering. 

Mineralogioal Magazine and Jou^ of the Hineralogical Society. 
Monatshefte fiir Ohemie und vmwcndte Theile an&rer WiasAo. 
Bohaften. 

Pharmaceutical Joumsil. 

JPharmaceutisohe Zeitu:^ , 



ABraxviATioKa'oF Tm<B8 07 jdfiia!rAiif ''AAD 


pm. Hag. . . . 
Phil, '^cm . . . . 
Pjtoi. J* -.*,. , . 
Proa, Boy. 8o §. . V 
MpK. BoyiSoc, Edift. 


Tram. E^^ay Soc. 
Zetkfih, dml.*6hem. 
Z^t9ch.(mgew, Chem. 
Zeit/ich.cmorg. Chem. 
Zdtsch, Nahr. 

Qenuasm. . . . 
Zeitsch. dffentl. ' 

Chem 

Zeitsch, physikal. 
Chem 

Zeitsch. physiol. 
Chem 


P&QSOpliioal Magazine (The I^ndon^ Edinburgh and Dublin), 
Philosophical Transactions of xhe Bojal Sooietj. 

Photographic Joun^l. ^ 

Proceedings of the Royal Society^ 

Proceedings of the Boyal Society of Edinburgh. c 

Beceuil des travaui^himiques des Pays-Bas et de la Belgique. 
Transactions of the Faraday Society. 

Zeitschrift fiir analytische Ohemie. 

Zeitscb^ft fiir angewandte Ohemie. 

Zeitschrift fiir anor^nisohe Ohemie. 

* <» 

Zeitschrift fiir Untersuchung der Nahrungs- und GenussniUJtel. 

Ze^schrMt fiir offentliche Ohemie. 

< 

Zeitschrift fiir physikalisohe Ohemie, Stoohiometrio und Verwandt- 
Bchaftslehte. 

Hoppe-Seyler’p Zeitschrift fur ph;jsiologische Ohemie. 



LIST (W CONTEIBUTOES 

TO VOLUME I. 


Dr. E. P. ARMSTRONG, P.I.O., P.R.S. {Messrs. J. Crosfield Sons, Ltd., Warrington)^ 
[Amylans; Bread.] ‘ * . » 

Dr. G. H. BAILEY {The British Aluminium Company, Kinlochleven, N.B.). [AldmimuM, 
Alums, and Aluminium Compounds.] 

0. 0. BANNISTER, Esq., F.I.O., A.R.S.M. {Messrs. Edward Riley (tHarboard). [Antimony^ 
Bismuth (Metallurgy op).] 

Dr. GEORGE BARGER, M.A., F.R.S., Professor of Chemistry in relation to Medicine in 
the University of Edinby^gh, [Aconitine and the Aconite Alkaloids ; Adbhnalinb ; 
Ar^Es; Areca Nut; A^tolochinb; Betaines; Broom Tops.] 

Dr. G. BARGER, M.A., F.R.S., and Dr. P. L. PYMAN. [Alkaloids.] ^ 

G. S. BLAKE* Esq., ^R.S.M., B.So., MI.M.M. [Barium ; Oalcij^ ^ 

J. S. S. BRAME, Esq.,*P.I.C., Professor of Chemistry, Royal NavalOollege, Greenwich, S.E, 
[Acetylene, Commercial Applications op; Boiler Inobustationb and, Deposits. j 

JOHN F. BRIGGS, Esq. {British Cellulose Co., Derby). [Acetic Anhydride.] 

HAROLD BROWN, Esq., The Imperial Institute, London. [Balata,] 

D«. J. 0. CAIN, Edxiof oftJxe Journal of the Chemical Society, London. [Aniline ; Aniline 
Salt ; Azo-Colouring Mati’ehs ; Benzene and its ^omologues.] • • 

W. H. COLEMAN, Esq. [Carbolic Acid.] 

Dr. HAROLD G. COLMAN, F.I.C., Formerly Chief Chemist to the Birmingham Corporation 
Oas Dept. [Ammonia.] 

JAMES GONNAH, Esq., B.A., B.So., F.I.O., Deputy Principal, The Government Laboratory, 
London. [Absinth; Absinthin; Absinthol; Arrack; B^jandy.] 

Dr. W. DITTMAR, F.R.S. [Balance.] 

Dr. ARTHUR B. EVEREST, P.I.O. [Anthooyanins.] 

Dr. ARTHUR J. EWINS. [Caffeine and the Alkaloids op Tea, Coffee and Ooooa.] 

THOMAS FAIRLEY, Esq., P.I.O. [Aspirators.] 

Professor 0. S. GIBSON, O.B.E , M.A.(Oxon. and Cantab,), M.So.(Mano.), P.I.O. [Amyl.] 

Dr. W. D. HALLIBURTON, F.R.O.P., M.R.O.S., F.R.8., Professor of Physiology, Univer- 
sity of London. [Bile ; Blood ; Bone.] § 

Dr. J. T. HEWITT, M.A., F.R.S., Emeriius Professor of Chemistry, East London OoUege, 
University ^ London. [AcridAb Dyestuffs.] , 

J. W. HINOHEEY, Esq., A.R.S.M., P.I.O, Professor of Chemical Engimeering, Imperial 
College of Science ana Technology, South Kensington. [Autoclave.] 

JOED!? HOLMES, Esq., ^?.G.S., The Government Laboratory, London, [Alooholombtey.] 

Dr. JULIUS HUEBNBR, M.So., P.1.0,, Director ^ Dyeing and Paper-making Departments, 
Manchester Municipal College of Technology. [Bleaching.] 

H. W. HUTOHIN, Esq. {The Cornish Consolidated Tin Mines, Camborne). [AbSenio.] 

HERBERT INGLE, Esq., B.So., P.I.O. , lat9 Chief Chenmt to the Trar^vaal Agricultural 
Department. [Aleubone Grains ; Almond; Apple ; *Afbicot ; Abginik^ Abbovtboox; 
ABTiCbOKB; Asa; AspISyiGus; Avocado Pear ;:BA jfANA; Barle%; Batatas; BsiN; 
Beet-boot ; Bet&inb ; Bilberry ; Blaok^ibbieb ; ^an ; Bbea^ Fruit ;* Brussels 
Sprouts; Buckwheat; Oa8baob.> ‘ 

. m £ 


Of-' 







X 


LIST OF OONfElBtTTOBS. 

Br. B* LESSING, Oonml ^ Chffnistt London * [BEOuunfi,] 

Dr. JULIUS piWKOWITSQH, M.A., P.O^. (Bwmd Hy 0, A, M^chell, Esq., BU*, E.LC.) 

t jiFOOidw ; AsraoABDiUM Nut ; Abaohib Oil ; Babsia Oils ; Ban Oil ; ' Bonn Fat ; 
BNHo' T allow f Bbazil Nuts; OAOAp Buttbb.] e 

A^SMEDLEY MaoLEAN. [Balsams.] 

f^OHN Manley, Esq., M.A., Uagdalm College , J ) xford . [Balance.] 

Df. P. A. mason', M.A.(Oxoi.) (The Brliish Dyestuffs Corporation , Ltd .)* [AoeAlb; 
Aoetylenb; Aldehyde ;'^Azine8 (Suppl.).] 

CHABLES a. MITCHELL, Esq., B.A., P.I.O. { Messrs . Beaufoy dt Co ., London ). ^ [A^btio 
Acid ; Aoobn Oil'’; AiiRATED ob Minebal Waters ; Anaoabdium Obibntalb ; Beech- 
nut Oil; Behenio Acid.]' \ 

T. S. Moobb, Esq., M.A.(bxon.), B.Sc.(Lond.), Professor of Chemistry , Holloway College * 
[Amines; Amino AciTds.] . » 

Dr. G. T, MORGAN, O.B.E., A.B.O.S., P.I.C., F.R.S., Professor of Chemistry in the Univer - 
sity of Birmingham [Acidimetby and AlkalimetK^ ; Analysis ; Antimonials, 
Organic; ABSBrioALS, Organic.] 

Professor A. G. PERKIN, F.R.S., P.I.O. , Department of Colour Chemistry in the University 
of Leeds . [African Marigold ; Algabrobin ; Alzanet ; Annatto ; Archil ; Abbarg ; 
^ Atbanorin ; Baruatic Acid ; Barwood ; Bignonia Tecoma ; Brazil Wood ; Buck- 
thorn; Butba Fbondosa.] 

Dr, P. MOLLWO PERKIN, P.I.O., Consulting Chemist , London . [Electrochemical 
Analysis.] 

Professor W. H. PERKIN, LL,D., P.R.S., and Dr. ROBERT ROBINSON, P.I.C., P.R.S. 
{of thfe British Dyestuffs Corporation { Huddersfield ), Ltd .), assisted by Rev! P. H. 
GORNALL, M.Sc. [Alizarin and Allied Colouring Matters.] 

J. A. PICKARD, E^., L.So., A.R.O.S., P.I.O. [Aoetins ; Allyl.] 

Dr. P. L. PYMAN, Professor of Technological Chemistry in the University of Manchester , and 
in the Manchester Municipal College of Technology . [Bebeerine ; Berberine and the 
Bebbeuis Alkaloids.] 

Dr. HENRY ROBINSON, M.A. [Anesthetics.] 

Sir TpOMAS^ K. ROSE, D.So.,f-P.I.O., The Boyal Mm *, London . [Assaying.] 

Dr. WALTER ROSENHAIN, P.R.S., The National Physical Laboratory , Teddington . 
[Amalgam ; Annealing.] 

L. J. SPENCER, Esq., M.A., P.G.S., Mineral Department, British Museum. [Abbasiveb; 
Adamite; Abschynitb; Aqalite; Agalmatolite ; Agate; Alaitb; Allanite; Alsto- 
nite; Alum Shale; Alunite; Alunogbn; Amazon-Stone; Amber; Amblygonitbi; 
Amethyst ; Ampangabbite ; Anatase ; Anoylitb ; Andalusite ; Andbbine ; Andesite ; 
Andobite ; Anqlbbite ; Anhydrite ; Ankeritb ; Apatite ; Aphthitalitb ; Aragonite ; 
Ardennite ; Argentite ; Argyrodite ; Asbestos ; Atacamite ; Autunitb ; Axinite ; 
Azuritb; Baddbleyite; Babumlerite; Bakbrite; Barytes; Baryto-Oaloite ; 
Basalf ; BabtnAsite ; Bauxite ; Beckelite ; Bbllitb ; BbU itoitb ; Beryl ; Bbbze- 
lianitb; Berzelite; Bbtapite; Bismitb; Bismuthinitb ; Bismutitb; Blobditb; 
Blomstrandinb ; Bloodstone; Blue Iron-Earth; Bog Iron Ore; Bole; Bobaoitb; 
Borax; Bobnite ; Boron alroc alcith ; Bostonite ; Boubnonite ; Bbaunite; Bbazilitb; 
Bboohantitb; Broggebite; Brucite; Buhbbtonb; Building Stone; Buntkup- 
PEBEBz; Calamine; Oalayerite; Oaloite.] 

Dr, ARTHUR L, SJTERN, P.I.O. {Messrs. Bass, BatcUff d Qretton, Ltd., Burton-ourTrenC) 

[Brewing.] 

^^BJORGE STUBBS, Esq., O.B.E., P.I.O., The ^emmcnt Laboratory, London. [Buttbb.] 

Dr, M A. WHITBLY, O.B.E.,P.LO.,A.R.O.S.,I/tf^<Mwron Orgfamc ChenUstry^mperial College 
, of jScienos and Technology, 8 . Kensington. [Adenine ; Alanine ; Allantoin ; ALL oyATg ; 
Alloxantin; Arginabe; Arginine; AspABAOifB; Aspartic. '^id.] 

Dr. OTTO N. WITT, Polytechnic, Charlottenburg. [Azinbs : with an Addendum by Dr, 

. P. A. Mabon.] 




OF 


PPLIED CHEMISTBY. 


AAL, ATi, ACH, AFCH. Native names for names of ‘ Abioteno,* ‘ Erasine,* ‘ Aurantine/ 
the roots of Morinda tinctoria and M. ciirifolia, and ‘ Thiolino,* and was used for removhlg 
etnploved in various parts of India, under the grease-spots, paint-stains, <feo., from jslothing* 
general t^ado name of Suranji, as a dyestuff, It is a nearly colourless mobile liquid of powerful 
more especially for dyeing reds, purples, and aromatic smell, recalling that of oil of oranges. ’ 
chocolates. ^ Abietene has been shown by Thorpj to consist 

ABACA. A species ft fibre derived from almost entirely of normal he'ptanef 07 Hj(„ mixed 
Musa textilis (N6e), obtained mainly from the with a small quantity" a resin to which its 
Philippine Islands, and Used in the manu- characteristic smell of orange oil is due (Thorpe, 
facture of mats, cordage, &c. It in also known Ohem. Soc. Trans. 36, 296 ; Sohorlemmer and 
under other names, including ‘ Manilla hemp,’ Thorpe, Phil. Trans. 174, 269 ; r. also Blasdale, 

‘ Menado hemp,’ ‘ Cebu hemp,’ ‘ Siam hemp,’ J. Amer. Chem. Soc. 1901, 162). 
and ‘ White rope.’ Less valuable fibres are Schorger (J. Ind, Eng. Chem. 1913, 6, 971) 
obtained from other species of Musa, such as has sHbwn that the volatile oil of Pinus jtffreyi 
M. sapientum (Linn.), the banana and plantain, consists of about 96 p.o. of n-hei^ne an4 ^p.o. 
which yield banana fibre and plantain fibre. of an aldehyde, apparently citronellkl. 

ABANONE. Trade-name for a pharma- Abietene is also the name given to thS^ydro- 
oeutical preparation of magnesium phospho- carbon whiohPis obtained as an oil the tMUO* 
tartrate. tion of abiotic acid (g^.v.) (Easterfield ai^d BagleyV 

ABIES. The generic name of the Silver Firs. Chem. Soc. Trans. 1904, 1288 ; Kraemer 
A. aUm (Mill.) [d. pectinala (DC.)] furnishes Spilker, Ber. 1899, 2963, 3614). Its formula hi 
timber very similar to the white deal of Picea end it is probably deoediydroretene, 

excelsa, the common spruce. It is the source when carefully purified, and reduci^ with 
of ‘Strasburg turpentine,’ containing free afttewte, phosphorus and hydriodic acid, it yields a 
abietric, and o- and ^-ahietinolic acids, and an fluorescent hydrocarbon identical with the do- 
amorphous substance dbidoresen, an ethereal oil decahydroretene of Liebennann and Spiegel 
of agreeable aromatic odour, a bitter principle (Ber. 1889, 780). 

and colouring matter ( Tschirch und W eigel. Arch. ACID. An acid obtained by digesting 

Pharm. 1900, 238, 411). colophony with dilute alcohol and reciy8tajjisii]|( 

A. Canadensis is the source of Canada balsam, the product from methyl alcohol (Maly, AnpaTim , 
Which contains canadic, canadolic, and a- and jS- 129, 64 ; 132, 249) ; or by-saturating anelcohoUo 
canadinolic acids, an ethereal oil, canddoresen ; solution of colophony witii hydrogen chloride 
and small quantities of succinic acid and a bitter and subsequently recrysTOllismg the product 
substance. The acids contain no ^etho^^l (Fliickiger, J. 1867, 727 ; c/. Cohn, Ohem. Eeit. 
groups and give^he cholesterol reactions, in- 1916, 40, 791). It can also be obtained by, 
eluding that of Twhugoeff {l.c. 1900, 238, A87)^ distill^ colophony under reduced pressure* 
ABuTTENE. A hydrocarbon obtained By or with superheatl^ steam (Eastordmd and 
distill^ the terebmtliinat<iixudation of P^nua Bagley, Chem. Soc. Trans. 1904, 1238). Natural 
sahtm'ono (Doug.), a coniferous tree indigenous to colophony is, in fact, a vitreous mqdifioa^ 
California, and growing on the dry slopes of the tion of abietio acid. It occurs in resin spirit, 
foothiUs of the Sierra Nevada and on the hills from whiclf it may be obtained by extraotipn 

along the coast, and known locally 08 the Nut pine with ether, shakfng with sodium carbonate 

or Digger pine. To procure the exudation, the solution and then acidifying. It is obtmned 
tree <mrmg wintep4S notched and guttered at a , in a purer condition by reorystallising from 

convenient heigh tom the ground, and the acetic acid, Mrms iplourles^ tri^giMar plates ; 

resin on*di|tilIation yields the liquid hydro-* m.p. 166‘'-V7° (Tschirch ana WoUf, Arch, 
carbon. The crude -oil ^ was met with in San Pharm. .1907, 1; 163°-164° ^aoL Monatsh, 
Francisco as an article of commerce under the ^893, 186 ; 160®-162® ^(Ellingson, J. Amer. 

VoL. I.— T. • « 



€3iem. Soo. 1914, 36^ 3J^. The melting-po 
appesurs to he infltiencoa by the mahner of heat- 
ing. OccttM also in Storax. [a]^~67iB®. 
Aooording tp EasterhAd and Bagley and Mach, 
it ia^derivatire cf jpeenanthrene, and has the 
OitHsgOi, whilst Levy (Ber. 1906, 30«), 
Koritaohoner (J. Soo. Chem. Ind. 1907, 641), 
«J'alirion^(J. Soo.' Chem. Ind. 1907, 264), and 
'Vesterberg (Ber. 1907, 120) rep^sent its coti- 
position as CjqHjoOj. Accoiaing to Strecker 
(Annalen, 150, 131), Luvemoy (Annalen, 148, 
143), and Easterfield ^nd Bagley {l.c.), abietic 
acid is identical with sylvio acid ; it is not 
identical with nimaric acid,*f/hi^h yields abietic 
acid on distillation under reduced prassure. 
By distilhng abietic tfcid under , ordinary 
pressure, or, better, by treatment with hydriodic 
acid, carbon dioxide is evolved, the hydrocarbon 
ahietene being formed (E. and« B. l.c. , 

Levy, l.c. ; Kraem^r and Spilker, Ber. 1899, 
3614). Oxidation with nitric acid yields dinitro- 
propane and //m»s-cyclo-hexane 1 ; 2-dicarboxylif‘ 
Mid, Distillation with sulphur converts abietic 
acid into retene, (E. and B,, l.c. ; Vestor- 

berg, Ber. 1903, 4200). Oxidation with potas- 
sium permanganate yields an acid CioHioO,, 
m.p. 123° (Mach, Monatsh. 1894, 627) ; and a 
method has been devised by Hndemann (D. R. P. 
183328; Chem. Zentr. 1907, i. 1607) to oxidise 
resinous Materials, containing abietic acid, to 
rosin acids and malonic a^iid. 

Abietic acid is relaTfeu'to retene and pinene, 
contains a cyclo hexane ring and an tso propyl 
group, and has its carboxyl group attached to a 
tertiary carbon atom (Levy, Zeitsch. anorg. 
Chem. 1913, 81, 146). 

Sodium and potassium dbietates are pi^pared 
by direct neutralisation ; the silver (wnite), 
coppere (pale blue), calcium, barium^ strontium, 
cooaW 1(|avender), nickil (greenish-yellow), iron 
(Ught brown), zinc, chromium (grepnish-yellow), 
aluminium, manganese (pale pink), and cadmium 
Balts are obtained by precipitation of solutions 
of salts of the respective metals by a solution 
of the alkaline abietate (Ellingsnn, l.c.). 

It is converted by the hydrogenation method 
of Willstatter and Hatt into hydroabietic acid 
m.p. 170°-179°, [o]^®— 16'86°, identical 
vdth the acid obtained by Maly by reduction 
, with sodium amalgam and alcohol. For the 
optical isomerism of the abietic acids, see 
SohuU, Chem. Zeit. 1917, 41, 666. 

JkiecHon and EHivmiion. — ^The following 
colour reactions may be used for detecting 
abietic acid: — (1) 3 vols. of oono, hydro- 
chloric acid apd 1 tol. of ferric chloride sol. 
give a violet r^ colouration ; (2) sulphuric acid 
dittolvea abli^ acid to a red solution; (3) when 
•hwted wi^''‘ 0y chloroform, acetic anhydride 
and acid, a purple red colour is pro- 

duced Ibiki^g through violet and blue to a 
greenisti black (Mach. l.c. ). In order to estimate 
abietio acid in resins, &o., 10 grms. of the sub- 
stanoe are refluxed with 20-25 o.c. of 10 p.c. 

, sJtoOholic potttSb lor £ houi on a water-bath ; the 
resulting soap is decomposed with dilnte hydro- 
chbrio acid, and the separated resin filter^ off, i 
Wa^ed with cold water and dri%d. It is thenv 
powdered and^riboted wKh of hot 

petroleum ether. Fmm this soluticm abietic acid 
is prcoipitaled hf ammonia, filtered off, dried.O|‘ 
the Water-bath, and ammon j ex^^lled by ' 


gentle heating. The residue represents the 
amountot crude abietio acid in the sample (Eehs, 
Chem. Zentr. 1907,4. 097). 

Abietic acid (or colophony) is used in assisting 
the growth of lactic or butyric fdfments, as it 
favours the production of that which is present 
in the greater quantity and suppresses the 
other. It promises to be of great use in the 
fermentation industry in preventing irrfection 
(Effrout, Compt. rend. 136, 1556), (v. Colo- 
phony). f 

ABISOL. Trade name for a 46 g.o. solution 
of sodium bisulphite. Used as a disinfectant 
and preservative. • 

ABRASIVES. The various hard substances, 
chiefly of mineral origin, used for abraaive.pur- 
poaes fall naturally into the following poups, in 
which the hardness is roughly inversely propor- 
tional to the complexity of chemical composition. 

Elements. — Diamond {g.v.)m the hardest of 
all substances (hardness = 10 on Mohs’s scale). 
Inferior material of no use for gems is known as 
bo art (or bort), and is crushed to powder and 
much used by lapidaries. Diamond powder is 
the only material with which diamond itself can 
be ground and polished. Embedded in the edge 
of a thin disc of soft iron, diamond powder 
is largely used for cutting gem-stone^ and thin 
sections of rock specimens, and also W slicing 
larger blocks of the harder opiamental stones. 
A mack, compact vai.ety of diamond known as 
carbonado (‘ carbonate ’ or ‘ carbon’) is em- 
bedded in the steel croNvns of rock-drills. 

Amongst artifioisl products, steel and some 
other hard metals aio used for abrasive purposes. 
The so-called crushed steel, made by quenching 
white-hot crucible steel, is used in the stone- 
cutting trade. Tantalum is an extremely hard 
metal and may in future find some application 
depending on hardness. 

Carbides . — Oaj-borundum ^ {q.v.) or silicon 
carbide, CSi (H.=91), is prepared artificially in 
the electric furnace u*om petroleum -coke and the 
purest quartz-sand, and is produced in large 
quantities at Niagara Falls. It is largely made 
into sharpening stones and grinding wheels; 
and sold under a variety of trade-names, e.g. 
crystolon, exolon, samite, &c. In lapidaries’ 
work it has to a large extent taken the place of 
corundum ; but although harden than corundum, 
it has the disadvanta^ of being more brittle, 
and it soon rubs to flour. Carbide of boron, 
CBfl, and silicide of boron, SiBg, are also remark- 
able on account of their intense hardness (H. 
Moissan, Compt. rend. 1894, cxviii, 566). 

Corundum {q.v.) AljO, is, next 
to diamond, the hardest of minerals (H. « 9), 
'Kie vWety, emery (q.v.), is not quite so 

hard. The crushed and grad^ material is made 
ijgto vorundum wheels and emery paper, and is 
mpoh used in lapidaries’ work. Artificial 
oorq^dum, known by the trade-names of 
‘ alundum,’ ‘ oloxite,’ ‘ adamite,’ ‘ borooarbone,* 
&o., is now manufactured in considerable 
amounts at Niagara Falls, by fusing bauxite in 
an electric furnace. ‘ Corubin ’ is also an 
artificial corundum, formed as a by-product in 
the (loldschmidt thermite process. 

Quartz {q.v.) SiO,(H. and its several 

> So named by S. G. Aoheioti, In 189S, ikffa oarbott and 
oornndam, beoanae before ft bad been analyaed, It was 
tboog^t to be a compound of carbon and almnlna 
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vttTieH68 find extonsiTC AppIicAiions. Milhtones Frassift. Xhew uuiumhi uuuuiv w rock suit ; 

« aixi i^dstones am of quart7<-rook, CcvnalliUt a doublo chloride of potasaium and 

qnarfcrite, burrstone (or nuhrstone), grifc, or Tnigneaiura ; Syhiniy or TOtassium chloride ; and 
■andetone ; while scythe-stones, oilstones Kitserite^ or magnesium ful^hate, v. Potasshtm. 
and whetstones (g'.e.) consist of homstone, JABRIN. A brownish TCllow soluble suMance 
lydian-stone and other compact varieties of ootainod from the seeds of Abrus pr^^brius 
quartz. In the form of sand, quartz is used as a [Indian liquorice or Jequiriiy), (Sjptains a 
sand-blast, in scouring-soap, for cutting and poisonous proteid, resembling, if not identic# 
grindii^ marble, making sand-paper, &o. Tri- \ilth,ricin. Bbthal dose, according to Kobert, is 
poli or mfusorial earth is a powdery variety of only 0*00001 grnf. per kilo body- weight : f.«. 1 
opal (hydrat||i silica), and is used fo# polishing, to 100,000,000. 

8ilicaie%—<^m;TiQt {q,v.) (H. = GJ-7J) i^ ABROTINE Cj,HjjPNa is a oiwstalh'no 

used for making ‘ emery ’ paper and cloth ; and diaoid fluores^jenti alkaloid from Arlmim 
fllspar (q.v.) (H.=6) is also used to a small ahrotamm, somewfi^t resembling quinine {Glia- 
degree. Silicate rocks are employed to a small cosa, Jahresber. 1883, 1366). 
extdht ,* e.g. pumice for polishing, and the mill- ABSINTH. (Ahmithe, Fr. ; Wermnthex- 

stone lava (leucite-ncpheiine-tephrito) of Nieder- irart,(}cT.) One of <he Ixst-known liqueurs or 
mendig on the Rhine, for millstones. cordials (<7.e.), is mode chiefly at Lyons, Mont- 

Refemiccs . — J. V. Lewis, Abrasives (Mineral pellior #nd PonUrlier in France, and in former 
Industry, Now York, 1916, 1917, xxv, 32-33) ; ye!\ia (vid<’ ni.fra) nt Ncufotifitd in Switzerland. 
F.J. Katz, Abrasive Materials (Mineral Resources ft is a highly intoxicating spirituous liquor 
of the United States, U.S. Gcol. Survey, 1916, flavoured with oil of wormwood (Afimtsia 
1916, ii, 65-80) ; H. Rios, Economic Geology absinthium, nat. ord. Compositoe) and oth|r 
(New York, 1916, 284 297, with bibliography), essential oils as angelica, anise, cinnamon, 
]./. J. S. cloves, fennel, hyssop, peppermint, &o. [v. OllA, 
ABRASTOL or Asaprol ■ ElrasoL Trade Essential). 
names for the calcium salt of i8-uaphthol- There are three distinct processes in tho* 

8ulphoni% acid, Ca(0,oH70S03)2,3H20, used in manufacture of absinth, viz. : maceration, dis- 
the clarification and preservation of wines. The tiUation, and colouration. The leaves and flower- 
maximum qua'piity needed for this purpose is tops of Artemisia absinthium, togethUr with the 
10 ^ms. per hectolitre, ficcording to Noclting other flavouring ingre^jionts (which vary in kind 
ana Dujardin-Beaumetz and Stackler, the sub- and quality according I'l) the requirements of the 
stance is harmless from a hygienic point of view different manufacturers) are digested with spirit 
(see Mon. Sci. 1894, 8, 257; J. Soc. Chem. Ind. for periods varying from 12 hours to 10 days, 
1894, 177, 634). To detect its ijresenco, according to the temperature of the infusion and 
Sangle-Ferri^re proceeds as follows (Compt. the strength of the spirit used. The French 
renof. 1893, 117,796): 200 c.o. of the wine is* manufacturers, as a rule, digest for short perioda 
boiled for an hour in a reflux apparatus with at the toinpe«ituro of an ordinary water bath, 
8 0.0. of hydrochloric acid, when the abrastol and with tmirit containing abo#t 86® tficohol, 
is hydrolysed to i3-naphthol, which may be whilst the ISwis? maceration process viih con^ 
extracted vnth benzene, and the residue leftr ducted at air temperature with spirit sofiiewhat 
after distilling the benzene sol. taken up with below Britisfi ‘ proof ’ strength, or about 60® 
chloroform. A fragment of potash is dropped alcohol. 

into the chloroform solution, which is I oiled The infusion is distilled and the distilla tetrans- 

for 2 mins., when a blue colouration is pro- ferred to the colouring vessel containing small 
duced changing to green and finally becoming absinth leaves, b^lm and hyssop, dried and finely 
yellow. 0*1 grm. per litre may thus be detected, divided. This vessel is hermetically sealed and 
The presence of abrastol in no way vitiates the is gently heated by steam to a temperature of 
determination of potassium sulphate (J. Soo. 60® in order to extract ohlorophylL After 
phera. Ind. 1894, 177). Sinibaldi (Mon. Sci. 7, cooling, the green liquor is drawn off, and 
842) has given the following method ; 26 o.o. of strained, if necessary, through a hair sieve. Tlbe 
the wine are neutralised by ammonia and shaken colouring is sometimes separately prepared and 
' with 26 0,0. of amyl alcohol. After separation, added as required to the colourless distillate, 
the amyl alcohol is boiled to ex^el ammonia, and Occasionally the latter is sweetened by the oddL 
when cold is shaken with 0*26 o.o. ferric chloride lion of about 6 p.o. by weight of onidbed 
soL A wey-blue colouration denotes abrastol. white sugar. Chlorophyll for imparting the 
Gabutti JOhem. Zentr. 1904, 2, ^70) proceeds green colour to absinth (and other liqueurs) is 
in a similar way, but instead of icrrig chloriffe, Frequently obtained from 
employs phosphoric acid and formaldehyde spinach, and is free from objeoMpp^vided the* 
* solution, when, * in presence of abrastol, ^ a vegetable matter is sound. 
green fiuoresoenoe is ptoduced. (For other On keeping, genuine slininth llijipjril the 

methods, v. Sanna Pintus,if. Soo, Chem.Jnd. vellowish tint appreciated by oonnouam^ and 
1900, 933; Briand, Compt. rend. 1894, 118, Its qualities generally are improved by 4|ge. 
928; Oarietti, Ohem. Zentr. 1909, 2, 72. For Many objectionable varieties of absiotn are, 
colour reactions, v. Barral, J. Pharm. Chim. 1903, however, on the market, made from inferior 
18 , [0 206; Salomone, Chem. Zentr. 1907, i. 306.) spirit, to which essences and resins are added* the 
(For a review of the various methods of detec- former to give a fictitious flavour and the latter 
tion, V. Vitali, Apoth. Zeit. 1908, 23, 507 ; J. Soc. to produce ^e opalescence which oo$un in 
Chem. Ind. 190^ 830.) * genuine abaiflth on, the addifior^ water, owing 

ABRaUJI SALTS. (Ger. Ahrawmalze : *8alttf* to the liberation of the essentwl oils, reshious 
. to be removed,*) Thejnixed salts found oTer- hodiee/and colouring mat^ra^eriivd from the 
the rock-salt deposit at Stassfqft, in I^Blnts and seeds usea in manufacture, Other 
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colouring matt^ than Chlorophyll are also acid and with cold chloride, which is reduced on 
' employed, as ina^o, sulphate ot copper, picric warming ; yields volatile fatty acids on oxidation 
acid and twmeno or other vegetable colwr. with nitric acid, and^oxalic and picric acids with 
Gum benzoin, guiaouiu and rosin are also used potassium chromate and sulphuric acid. With 
to p^uce ‘ milkinesiS * on dilution, and eepn iVohde’s reagent it gives a brown cMour, chang- 
chloine of antimony is said to have been em- ing to violet, then blue ; and with sulphuric aow 
ployed for this purpose. ^ brown, passing through green to blue (Senger, 

4 ir To ofoteot adulteration it is usually sulfi* Arch. Pnarm. 230, 103 ; and Bourcet, Bull. Boo. 
oient to determine the essential oils, resin,], ohim. [ 3 ] 19, 637). i, C. 

and colouring matters (vidp Hubert, Ann. ABSINTHOL Ciolli«0. The essential prin- 
Chim. anal. 6 , 409, and Nivi^re and Hubert, oiple of oil if wormwood derived from Artemma 
Mon. Soi. 1895, 666 ). According to Hubert, absinthium {nat. ord. Composita)^, a plant 
absinth has a specific gravity of 0-8966 to indigenous to most Eui-opean countries and com- 
0*9982, and alcoholic strength* of 47 to 72 paratively recently introduced into the United 
p.o. by volume of absolute alcohol. ^ The Stales of America, whence increasing supplies of 
average results of twelve samples expressed as the cheaper qualities of wormwood oil are jiow 
grams per litre were as follows : essential oils, obtained. 

1*6 to 6*0; extractive, 0-86 to 1*72; acids. Although the oil obtained by the distillation 
0'024 to 0*288; aldehydes, 0-005 to 0*lf5; fur- of wormwood has been known for at least four 
furol, 0*0002 to 0*007 f ethers, 0 005 to 0-123. The centuries, its chemical composition was first 
strength of absinth as imported into the United systematicaBylnvestigated in 1845, when Leblano 
kingdom varied from ‘ proof ’ to about 20 over (Compt. rend. 21, 379) showed that its principal 
proof, and rather more than 3000 gallons were im- oonstituont, boiling at 203°, has the formula 
Juried annually before the war. The amount rose OioII , gO. This was confirmed later by Gladstone 
to 4000 gallons in 1915, since when its importation and other investigators (Chem. Soc. Trans. 17, 1), 
into the United Kingdom has been prohibited, and by Beilstein and Kupffor (Annalen, 170, 290), 
* Although genuine absinth, taken in modera- who gave to the product the name ‘ absinthol,' 
tion, has valuable qualities as a cordial, sto- and identified its dehydration prod^jot with 
machio, and febrifuge, its characteristic bitter cymene. 

principle, %bsinthiin {q.v.), is an active poison. Methods for tlie identification of absinthol 
having a very injurious effect upon the nervous have been described cby Cuniasse (J. Pharm. 
system of those addicted^* to the habitual and Chim. 1907, 25 (180-2)) and Enz (Chem. Zentr. 
immoderate consumption of absinth. Legal 1911, ii. 676), but these can hardly be accepted 
measures have therefore been taken in various as conclusive of the presence of wormwood, 
European countries to control, restrict, or even since thujone occurs in other plants. A negative 
prohibit its sale. In France, liqueurs may not reaction, however, proves the absence of worm- 
contain more than 1 gram per litre of oil of wood. 

wormwood or other oil of similar toxic rtature, Semmler (Ber. 25, 3360) proved absinthol to 
whilst in Belgium and Swizerlana'the manufac- be a ketone identical with thujone or tanacetone, 
ture and safe of ab^tith have b^n entirely wliich occurs largely in other essential oils, as oil 
prohibited. J. C. of tansy, sago, and Artemisia barelieri. It is a 

ABSINTHIN or ABSINTHIIN The colourless oily liquid of pleasant odour, strongly 

bitter principle extracted from the dried leaves dextrorotatory (about 4-68°), boils at 203°, 
of large absinth or wormwood (Artemisia density 0*9126 at 20°, and refractive index 
absinihtum) is an active poison and it is to 1*4496. 

its presence in oil of wormwood that the toxic Though isomeric with camphor, it differs from 
effect of absinth (g.v.) appears to be due. that body in combining with sodium bisulphite 

Various formulce have been assigned to this and in not being converted into camphoric acid 
substance, the differences being due to the by means of nitric^ acid, nor into campho- 
diflioulty of obtaining it in a pure state (Mein, carboxylic acid by treatment with carbon 
Annalcn,8, 61; Luck, Annalen, 78,87 ;Kromayer, dioxide and sodium. With melted potash it 
» Arch. Pharm. [2] 108, 129). gives a resin, but no acid. When heated with 

Pure crystallised absinthiiii was first isolated P^Sg and ZnClj it yields cymene (Beilstein and 
by Duquesnol (Bui. de Thorapeutique, 107, 438). Kupffer, Ber. 6 , -1183; Annalen, 170, 290; 
Senger 4 ©btained absinthiin as a pale yellow Wright, Chem. Soc. Trans. 27, 1 and 319 ; 
amorphous substance^elting at 66 ® and having Semmler, Ber. 26, 3343 and 27, 896). J. C. 
the empirical formula C 1 JH 20 O 4 . This formula ABUTILON INDICUM (Sweet), PETAREE 
was confirmed later by Bourcet, who found that olfcTUBOCUTf. The bark of this malvaceous 
the pure substance crystallises in fine white tree consists of long, t^, to^h fibrous strips 
prismatic needles melting at 68 °, the amorphous (Imst fibres), and, according toiSymook (Pharm. 
form and lower melting-point found by Senger J. [3] 8 , 383) and others, is worthy of attention 
being probably due to traces of a resinous as a source of fibre^i 
imparity. ABYSSINIAN GOLD. A yellow alloy of 00*7 

Aooording to Senger and Bourcet, absinthiin parts of copper and 8*3 of 25 ino. The ingot is 
is a glucoside, free from nitrogen, and is deoom- plated on one side with gold, and is then rolled 

* posed by the action of dilute acids, or even bv out into sheets, from which articles of jewellery 

boiling with water, into dextrose, a volatile oil, are formed in the usual way, the amount of 
and a solid resinous body of the aromatic series, .gold on the finisKed article varying from 0*03 to 
'It is soluble irafeohol, ether, preform, or *1*03 p.o. Known also as The term 

benzene; diflaouBly soluble in ligh^- petroleum, is sometimes applied in trade to.Aftminium 

* water, thoiigh soluble in cold than in Bronze. ^ 

boiling water. It giv^a precipitate with tanfii^ ACACIA BARK. Acociee Cortex, B. P. The 
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dried bark of Acacia ardbica (Willd) andiof A. 
decumns (Willd). 

ACACIA CATECHU (Wtld) or KHAIR is a 
tree growing in various parts of India. Its un- , 
ripe pods ffhd wood, oy decoction, yield a 
catechu (Agrioult. Ledger, 1895, No. 1, and 
1896, No. 35), known by the name of Outch or 
Kutch, whicli must not bo confounded with the 
officinftl catechu {Catechu mlUdum). It is used ; 
^ in the preparation of some leathers and by dyers. I 
' The timber ^ also used for constrvAtional and j 
other purittses. I 

ACACIA GUM v. Gums. 

• ACANTHITE. a form of silver sulphide found 
at the Enterprise mine, near Rico, in black 
crystals of orthorhombic habit (Chester, Zeitsch. 
Kryst. Min. 1896, 26, 526). 

ACAROID RESIN or BOTANY BAY RESIN 
V, Xanthorrhoea Balaams, art. Balsamm. 

ACCIPENSERINE. A protamine belonging to 
the aturine group found in tho testis of Acci- 
penaer stellatus. Composition of the sulphate : 
C35H7 jOgN 1 ^,4 HjS 04 (Kura(''^ff, Zeitsch. physiol, 
Chem. 1901, 32, 197). 

ACENAPHTHENEQUINONE. 6'ecQuiNoM:s. 

ACERDOL. Trade-name for calcium per- 
manganate. 

ACESAL (diethyl acetal ; cthylideno diethyl 
ether; ethauediol (1:1) diethyl ether) O6H14O2, 
or CH3'CH(OC^5)a. A( ei als. 

ACETALS. Acetals Ao tlio ethers and c.sters 
derived from the so-called ycwwaal-glycols, which 
are themselves for the most part incapable of 
existence ; such glycols possess the general 
formulae— 

/OH 

;c<; 

11/ \OH 

(where Rj and Rj may bo either hydrogen or 
aliphatic or aromatic radicals) ; they split up at 
once into water and the corresponding anhydrous 
compound, which may be an aldehyde or a 
ketone ; thus, in the case of ordinary acetalde- 
hyde, we have tho relationships ; 


catalyst suqh as ferrTo chloride, or a trace of 
add to the mixture (Trillat and Cambier, Compt. 
rend. 118, 1277>. Still better is the method of 
Fischer and Glebe (Beif 90, 3053 ; 31, 545), 
existing in passing 1 p.c. of hydrodlilorio 
acid into the mixture and heating, or afiWing 
to stand for some time ; after washing with a 
little dilute potassium carbonate sol^on tl# 
^oduct is «ied over anhydrous potassium 
carbonate and fiactionated, the yield, however, 
is only about 50 p.c. in the case of diethyl acetal, 
as the reaction is reversjble : 

R-OHO+2CaH6'OJI ^ R CH(OCaHfi)a+HgO 

Acetals may also "be made by passing pure 
phosphine through • tho cooled mixture of 
aldehyde and alcohol (Girard, Compt. rend. 
91, 629). 

Th^ most convenient method for the pre- 
aration of acetals is, pofhaps, that desenoed 
y King and Mason (Eng. P/it. 101428), consist- 
ing in treating a mixture of an aldehyde and an 
alcohol with certain metallic salts — or their 
saturated aqueous solutions — such as tne 
chlorides or nitrates of aluminium, calcium, 
cerium, niagnosium, manganese, &o., thus 50 
grams acetaldehyde and 120 grams 95 p.o. 
alcofioi are mixed and then 20 grams anhydrous 
calcium chloride are added. The mixture 
becomes warm, and is allowed to staUd for some 
time, with occasional shaking. It has then 
separated into two la/ers, tho upper of which is 
removed, washed with water, then with sodium 
carbonate solution, dried over calcium chloride, 
and finally over anhydrous potassium carbonate. 
It is then fractionated, and yields 120 grams 
aceta^, or 90 p.c. of theory. The addition of a 
small quantify of an acid has the effect of 
causing tho reaction to take plalb more Quickly. 

It IS afso possible to^prepare certainr acetals 
bv heating anotlier acetal with the desired 
alcohol : * , 

j R*CH(OKi)g+2R3'OH 

=r=i R-CH(ORa),+ 2 RrOH 


CH8‘CH(0C0CH3), CH3-(T1(OC,H,)j 

LthyUdeue diacclate. Acetal. 

±(CH 3 CO)aO LC.HjOU 


Acetaklelivde. 

|±H.O 

[CH,-CH(0H)2] 

Ethyildoiie kIjouI. 

Acetals may thus bo given the general formula : 
K. OK, 

B/ ^OR, , • 

(whore Rj and Rj are any alkyl or aryl radicals, 
and R, and R/any aoidyl, alkyl or aralliyi 
radicals). 

We may distinguish types of acetals, 
according to whether the products are alkyl 
ethers or acid esters ; the term * acetal is more 
usually applied to the former class. 

(a) Dialhyl Ethers of gem.-Olycok (Acetals of 
Aldehydes and Ketones). , 

Thetare produced by heating alcohol and 
an aldenyd^ alone, but the yield is very poot 
(Geuther, Annalen, 126, 62). A better yield 
id obtained by adding a small quautitj^ .of a 


Thus bn hoatiiAg ordinary diethyl acetal with 
excess of methyl alcohol it is converted almcwt 
completely into dimethyl acetal (Delepine, 
Compt. rend, 132, 968 ; Bull. Soo. chim. [3], 
25, 674). The converse, however, does not hold 
good, since, on heating dimethyl acetal with 
excess of ethyl alcohol praoticaUy no reaction 
occurs (Geuther and Bachmann, Annalen, 218, 
44). In general, the series of acetals can bO 
descended by heating any member of group 
With an alcohol containing a smaller number of 
carbon atoms than is present in its alcohol 
residue. If a little hydrochloric acid be added 
a balanced reaction takes place, and a oertaaa 
proportion of all the possible products is oh* 
tained, the products of higher molecular weight 
predominating (Delepine, Compt. rend. 132, 
331, 968). Another general method of wide 
applicability is that 01 Claisen (Ber. 29, 1007 ; 
31, 1010 ; 40, 3903), consisting m treating the 
aldeliyde or ketone with orthoformio ester ia 
alcoholic solution in presence of a suitable 
catalyst, smjh as mineral acids, oxalic acid, 
ferric chlosifte, ammonium ^hljgide, sulphate or 
nitrate, & 9 . {cf. also Arl^sow, Ber. 40, 3301 ; 
^Claisen, ibid. 40, 3912). 6rtlfbfori«ic esters can 
I also re^t wjth alkyl dyrgnesium salts to yield 
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(Bodroux, Oompt. rend. 138, 700 j 
l^eohitsoliibabm, Ber. 37, 186), or with halo|©- 
nated fatty esters in presence of zino (Tsohitsotd- 
J. prak. Chem. K] 72, 326 ; Claiaen, Ber. 
31, %) : I 

(0,Hj0),*CH-0C,H5+Br*CH(CH3)-C00R+Zn 
«{CaH|p)8-CH-CH{CH,)-C00R4-CgH,0-ZnBr 
tt3,HjO),*CH*CH(CH3)-COOR . H 

{C,H50)»-CH-CH(CH3)-C00H 

(CaH/Oa-CH-CHj-CHa 
Certain special methods for production of acetals 
are avaimble for formylal and diethyl acetal, 
and will be noted later. ** ' 

General Properties. — The* true acetal^, or 
dialkyl ethers of s^em-glfools, are colourless 
liquids of pleasant ethereal odour, which can be 
distilled without decomposition. The lower 
members are somewhat soluble in water, by 
which they are slowly hydrolysed ; in presence 
of dilute acids the hydrolysis is almost instan- 
taneous ; they are stable to alkalis even on 
boiling. With various metallic salts such as 
magnesium or zinc iodides, calcium chloride or 
magnesium bromide, double compounds arc 
formed, e.g. MgBr2-l-2CHa(COCH3)2, m.p. 112°; 
Mgl2+2CH3-CH(OC2]I,)2, m.p. 86° (Timmer- 
mans, Ohem. Zentr. 1907, 1, 1^7). The acetals 
form hydrates in certain coses ; tiius. diethyl 
formylal ftrms a hydrate CH2(0C.2Hr,)2*H20, 
which is a liquid of b.p. H°-75°, with an odour 
of rum, and dissolves m 15 parts water at 
20° C. ; the higher homologues also form mono- 
hydrates, boiling at lower temperatures than 
the acetals themselves (Trillat and Cambicr, 
Con^t. rend. 118, 1278). 

Ino acetals are of considerable use m jilace 
of the free aldehydes or ketones rfor synthetic 
puniosee, on H^ie one hand, owing to their 
higher boiling-points (c.f. acetaldehyde, b.p. 20° ; 
diethyl acetal, b.p. 103°), and also to the fact 
iihat alcohol and not water is split off in the 
condensation, which has a marked effect on the 
yield. Thus in preparing vinyldiacctoneamine 
by condensing acetaldehyde or paraldehyde with 
diooetoneamine acid oxalate (Fischer,' Ber. 
17, 1703 ; Heintz, Annalen, 178, 326 ; 191, 122 ; 
Harries, Ber. 29, 522), only a poor yield of 
product is obtained even on prolonged heating ; 
nut if acetal be substituted the reaction is com- 
l^ete in a few hours with almost quantitative 
** yidd (c/. King, Mason and Schryver, Eng. Pat. 
101738) owing probably to the absence of the 
inhi biting effect of water. 

In addition, the acetals can be readily 
habgenated and oonveftodinto amino-, hydroxy-, 
alkoxy-, &c., derivatives, which react like the 
co|re8ponding aldehydes. 

• They can be separated from their aqueous 
solutions by the addition of concentrated 
calcium chloride solution. They are miscible 
with alcohol and ether ; their vapours or solu- 
tions in alcohol, benzene, or acetone slowly 
harden dry gelatine films (Beckmann and 
^ Soharfenberger, Chem. Zentr. 1896, ii. 930). 
When heated in a sealed tube with glacial acetic 
acid the corresponding aldehyde is obtained 
(Beilsteln, Annafen, 112, 239). ^ 

Mixed aoeWs *bontaining tWK different 
alcohol residues nave been described by Baob> 
(Z.e.),f. butt' aWrding to Rubenoamn 
(Amuklca, 225, 271) ai^ Fritz and Schumacher 


(Annoien, 279, 308), these consist of mixtures 
of two acetals in molecular proportions. Del^- 
pine, however (Con^t. rend. 132, 331, 968), 
claims to have obtained mixed aoel^ 

Formylals CH2(OR),. 

Methylal CH2-(OCH3)2 (dimethyl formylal), 
b.p. 41-3°-41'7°, sp. gr. 0*862, can be obtained 
by treating a mixture of methyl alcohol and 
40 p.c. formaldehyde solution, with solid ollcium 
chloride and a little hydrochloric acid (Fischer , 
and Giebef Ber. 30, 3054). It ',oan also be 
obtained by troaiing methylene chioride with 
sodium methylate (Arnhold, Annalen, 240, 
197), and also by treating chlormethyl alkj^ 
ether CHaiORlOl (obtained by condensing 
formaldehyde and alcohol with excess of hj^o- 
chloric acid) with sodium methylate (Favre, 
Compt. rend. 119, 284; Bull. Soc. chim. [3] 
11, 879; Henry, Ber. 26, Ref. 933; Corapt. 
rend. 119,425 ; de Sonay, Ber. 27, Ref. 337) ; or 
by heating polyoxymcthylene and the required 
alcohol with 1 to 4 p.c. feme chloride for 2-10 
hours (Trillat and Cambier, Compt. rend. 118, 

1277) . It can be used for various condensations 
in place of formaldehyde, and is a good solvent 
for many organic compounds. {Cf. also Kahe, 
Annalen, 19) 175 ; Malaguti, Annalen, 32, 65 ; 
Rcnard, Ann. chim. phys. [5| 17, 290<i Briihl, 
Annalen, 203, 12, 25 ; Fileti and de G&spari, 
Gazz. chim. Ital. 27, ii. 293 ; rTrillat, Compt. 
rend. 137, 187 ; Delrpine, Bull. Soc. chim. 
[3] 26, 364 ; Favre, Bull. Soc. chim. [3] 
11, 1096; Bruhl, Ber. 30, 169; Berthelot, 
Compt. rend. 126, 675 ; Trillat and Cambier, 
Compt. rend. 118, 1277 ; Brochet, Bull. Soc. 
chim. |31 13, 687.) 

The following formylals are known, but the 
higher members arc oi little importance : — 

Diethyl mcthyhl CH8*(OC8H6)2, b.p. 87°; 
sp. gr. 0*834 (20°) (Arnhold, l.c. ; Greene, Chem. 
News, 60, 75 ; Pratesi, Bor. 16, 1870 ; Favre, 
l.c. ; Trillat and Cambier, Compt. rend. 118, 

1278) . 

Dipropyl methylal CH2*(OC8H7)2, b.p. 136°; 

», gr. 0*834 (20°) (Arnhold, l.c. ; Trillat and 
lamoier, l.c. ; Favre, Bull. Soc. chim. [3] 11, 
881). 

Di-isopropyl methylal CHa(OC8H;)2, b.p. 
118° ; sp. gr. 0*831 (fD°) (Arnhold, la. ; Trillat 
and Cambier, l.c.). 

Di-isofmtyl methylal CH2(OC4Hg)a, b.p. 164° ; 
sp. gr. 0*824 (20°) (Arnhold, l.c. ; Gorbow and 
Kessler, Ber. 20, Ref. 778 ; Trillat and Cambier, 

I.C.). 

Di-isoamyl methylal CHg(OC6Hi,)2, b.p. 206° ; 
sp. gr. 0*836 (20°) (Arnhold, l.c. ; Trillat and 
Cannier, l.c.). « 

* Dihex^, methylal CH2(0 CbH, 3)2+H20, b.p. 
174°- 175°; sp. gr. 0*822 (1(5°) (Trillat and 
Cambifer’, l.c,). * 

Dioctyl mcthyhl CH,*(OC«Hi7)*) b.p. 280° ; 
sp. gr. 0*848 (15°) ^mhold, l.c. ; Trulat and 
Cambier, l.c.). 

Cychhtxa'nol formal (CflHi,0)a*CHj is pro- 
duced from cyolohexanol, 40 p.c. formaldel 
solution and hydrocliloric acid (Murat 
Cathala, J. Pharm. ('him. 6, 289). 

Acetals CH8CH(0R)2. 

■ Dimethyl acetal CH8*CH(OCH,)2 occurs in 
Crude wood-spirit, b.p. 63° ; sp. ffr.clO‘566 (22°) 
(Dancer, Annalen, 132, 240; Alsoeig, Jahxesb. 
I Che^ 1864, 486; (Luther and Baohiiuum^ 
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Anottlen, 219, 44$ Sohiff, Annalen, 220, • 104; 
22a, 74). j 

Diethyl acetal CH,CH(OC^Hfi)g (usually 
known simfljy as ‘Acetal’) (=ethylid€ne di- 
ethyl ether; ethane*diol-(l ; l)-diethyl ether) 
(c/. Dobereiner, Gm. 4. 806; Liebig, Annalen, 
6, 26; 14, 166; Stas. Ann, Chim. Phys. [31 
19, 146 ; Wurtz, Ann. Chim. Phys. [3] 48, 70 ; 
Geuthir, Annalen, 126, 63). 

To prepare acetal by Wurtz’s method, 2 parte 
alcohojt are s^ded to a mixture of 3 ^)arte man- 
ganese dioigde, 3 parte sulphuric acid and 2 parts 
water, and, after the effervescence first produced 
Has subsided, the whole is heated at 100® until 
3 parts have distilled over. The product is 
thefy fractionally distilled, and two portions, one 
boiling below 80* and the second boiling at 
80*-95®, are collected.' Each fraction is treated 
with solution of calcium chloride and the ethereal 
layer which separates is distilled. The product 
contains aldehyde and ethyl acetate in addition 
to acetal ; to remove these it is shaken with con- 
centrated aqueous potash, the brown liquid 
separated from the aqueous layer is distilled, 
and the distillate shaken with calcium chloride. 
It is then heated with twice its volume of con- 
centrated aqueous soda in sealed tubes at 100® 
for 24 l»urs, separated from the soda, distilled, 
the distillate again rectified : the fraction 100®- 
105®, which constitutes the greater portion, is 
aoetal. • 

In addition to its formation as a by-product 
m the oxidation of alcohol, acetal can also be 
obtained from a mixture of acetaldehyde (1 vol.) 
and absolute alcohol (2 vol3/|{l) by heating with 
acetic acid (J vol.) for 12 hours at 100® (Geuther, 
Annalen, 126, 63); (2) by cooling in a freezing 
mixture, passing dry hydrogen chloride to satu- 
ration, and decomposmg the resulting mono- 
ohlorether with sodium ethoxide (Wurtz and 
Frapolli, Compt. rend. 67, 418 ; Annalen, 108, 
223); or (3) by cooling a mixture of equal 
volumes to —21®, and passing a current of pure 
hydrogen phosphide for 24 hours (Engel and 
Girard, Compt. rend. 92, 692 ; J. 1880, 694). 

The most convciuent method is that of 
King and Mason (E. P. 101428, vide supra). 
On a technical scale considerable interest 
attaches to the production of diethyl acetal from 
acetylene by a modification of the process of 
Kutscherow for preparing acetaldehyde from 
acetylene and water in the presence of a mercury 
catalyst (c/. Kutscherow, Ber. 14, 1640 ; 42, 
2769). Thus tho Cheraische Fab. Griesheim 
Elektron (E. P. 14246, 1913) describe the pro- 
luotion of ethers of ethylidene glycol by the 
MJtion id acetylene upon alcohols m the presence 
>f mercury salts. They are stated to be solvetts 
lor cellulose estei^i. Boiteau (E. P. 16800, 1914) 
lescribes tho production of ethylidene eethirs 
by a similar method ; and in E. P. 15919, 1^, 
% further modification isilclaimed, consisting 
in forming tho catalyst in situ, e.g. by adding 
Enerouric oxide or tha mercury salt oi a weak 
mid, to the liquid, and then adding sulphuric 
icid to form the sidphate. 

Aoetal is a colourless liquid with agreeable 
)dour: b.p. 104®, and sp. gr. 0'821 at 22*4®, 

‘ The^.n la given as In the original paper, buW 
aasiQUch asD-p. of acetal Is 104'*, It seems probable 
ihat 96® is a nuspriat for %ome higher temperature — 
lay 106®. . 


(Stas, Annalen, 64, 3^); b.p. 103*7®-104*3^ at 
744*4 mm., and sp. gr. 0*8314 at 20®/4® (Briihl, 
Annalen, 203, 26). It is soluble in 18 fols. of 
water at 26°, and the solwbility increases as tlte 
teinperature rises. Aceftd is misoible^ all 
proportions with alcohol and ether, doli not 
reduce ammoniacal silver solution, and is un- 
altered on exposure to air; platinui^ blacky 
hHwever, oxidases it first to acetaldehyde and 
subsequently to ^cetio acid. For formation and 
hydrolysis, see Lapworth and Fitzgerald (Proc, 
Chom. Soo. 24, 163). 

Acetal has some solvent power for cellulose 
esters. A u^ fcrr acetal is suggested by 
Ostropiisslensky, •consisting in preparing 
erythrene (butadienejifrom it by passing over a 
heated catalyst, such as alumina at 360®-460® 
(J. Russ. Phys. Chem. Soc. 47, 1472, 1609 ; c/. 
also Boiteau, E. P. 15806, 1914). Pictet (Ber, 
46, 2688; E. P. 17578,-1914) describes the 
production of a synthetic alkaloid, which he 
terms coralydinr, by condensing * tetrahydro- 
papaverine and acetal in 16 p.o, hydroomorio 
acid on the water-bath ; the product exi4ls 
in two isomeric forms, o- and 

On heating with phosphorus pentoxide the 
elements of alcohol are removed from aoetal, 
leaving vinyl ethyl ether : 

CH3*CH(0C Jl,)a-C2H60H = CHj:gH*0*CaHs 

which foims a liquiiL b.p. 35*6° ; sp. gr. 0*762 
(14*6°), and is split by dilute sulphuric acid 
into acetaldehyde and alcohol (Wislicenus, 
Annalen, 102, 106 ; Henry, Compt. rend. 100, 
1007 ; Nef. Annalen, 298, 327 ; Claisen, Ber. 
31, 1021 ; Tschitechibabin, J. prak. Chem. [2] 
74, 424). When heated with acetic anhydride to 
150® one eth^l group is replaced by an acetyl 
group yielding ‘ acetaldehydo^thyl vetate,* 
CH3*CH(01[:)aH6){0-C0*(^a), b.p. 126®-13(f; 
sp. gr. 0*941. On boiling with water it splits 
up into aceMdehyde, ethyl alcohol, and acetic 
acid (Claisen, Ber. 31, 1018). 

Acetal does not give the iodoform reaction 
until shaken with a few drops of hydroohlorio 
acid, whereby tlje aoetal is hydrolysed to alcohol 
and aldehyde. Estimation in presence of paral- 
dehyde, see Orion and McKie, u lana. Chem. Soc. 
109, 1K4. 

Derivatives. — Mono-, di-, and trichloracetal 
are obtained as intermediate products in the 
preparation of chloral bypassing chlorine throtmh 
80 p.c. alcohol (Lioben, Ann. Chim. Phys.^J 
52, 313 ; Patemb, Compt. rend. 67, 7^), 
According to Krey (J. 1876, 476), a better yield 
of these derivatives is oMained if a mixture cd 
2 parts absolute alcohol, 3 parts manganese 
dioxide, 3 parts sulphuric acid, and 2 murbl 
water is heated until K of the liquid has disu^i^ 
over and chlorine is passed through the 
cooled distillate until it shows signs of turbi^ty. 
In either case the product is washed wifh 
water, dried over calcium chloride, and sub* 
mitted to fractional distillation. The iraotioh 
80°-120° contains chiefly aldehyde and com* 
pound ethers, 120°- 170® chiefly monOehloracetWl, ^ 
170°-186® dichloracetal (Lieben, i.e.j, and the 
fraction boiling above 186® contains trichloraoetal 
(Paternb, These coJDp^nds may then 

be obtained in the pure slfte by repeated 
fractionation. • ^ 

, * A better method of c^jtaining mcnioehloiaoetal 
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i* by passing chlorine through well-cooled 94r99 
p.o. alcohol until the chlorinated product haa 
a sp. gr. r02-l'03 at 26^. ^ialf the origial 
volume of alcohol wadded and the mixture 
heated a few hours at 60°-60®. The free acid 
is rtittioved by calcium carbonate; the lil 
washed with water, dried and fractionated. 
4^e prcffcortion of di- and tri- ohloro -derivatives 
formed depends on the amount of^ihlorine addcpl 
^(Fritsch, Annalen, 279, 288). 

Monochloracelal CHjCl CHlbCalJjlj (Lieben, 
Annalen, 146, 193 ; Patemd, Mazzara, Ber. 6, 
1202 ; Klien, J. 1876, 386 ; Natterer, Monatsh. 
3, 444 ; -6, 497 ; Wislicenus,. Anifalen, 192, 106 ; 
Frank, Annalen, 206, 341 Fritsch, Annalen, 
279, 300) is a colourless liqukl, having an aromatic 
ethereal odour; b.p. 165°;Bp.gr. 1 *0418 at 0®, 1*020 
at 16° (Klien) : 156°-168® (Autenrieth, Ber. 24, 
169). When heated with bleaching po*vder it 
yields di- and trichloracetal, chloroform, and 
clilorinated acetaldehyde (Goldberg, J. nr 
Chem. [2] 24, 107). 

Dichloracetal CHCl2-CH(OC2Hr,)2 (Jacobson, 
Bar. 4, 217 ; Pinner, Ber. 5, 148 ; Annalen, 179, 
34 ; ]^ey, l.c. ; Patorn6, Annalen, 149, 372 ; 
160, 134) ; b.p. 183°-184° ; sp. gr. 1*1383 at 14°. 
When treated with hydrocarbons it forms com- 
pounds of the type CHXa’COlj'iFritscli, Annalen, 
279, 219 ; Wiechell, Annalen, 279, 337 ; Butten- 
berg, AnnaAen, 279, 324). 

TrichJoracdal CCla-CH(OC2H6)2 (Byasson, 
Bull. 8oc. chim. 32, 304 f Wurtz, Frapolli, J. 
1872, 438); b.p. 197°; 204*8° at 758*7 mm. 
Patemd, Pisati J. 1872, 303), sp. gr. 1*2813. 
When heated with concentrated sulphuric acid 
it yields chloral. 

Trichloracetal CeHuClgOa. Obtained by the 
action of chlorine on alcohol (Lieben, Paterno, 
Krey, f^c.) ; ci^stallises in mono^linic needles 
resembhng caffeme ; m^p. 89°. * 

Monohromacdal (Pinner, Ber. 6, 149 ; Wis- 
lioenus, Annalen, 192, 112 ; Fischur a. Lund- 
steiner, Ber. 26, 2561 ; Freundler^ a. T^dru, 
Compt. rend. 1905, 140, 794) ; b.p. 81°-82° at 
27-28 mm. (Freundler). According to F. a. L. a 
cheap method of making monobromacetal is by 
brominating paraldehyde at 0° with constant 
shaking, nuxing with absolute alcohol, and after 
standing 12 hours pouring into an ice-cold sol. 
of potaesium carbonate. The separated oil is 
dried and fractionated in vacud. 

Monoiodoacetalf b.p. 100° at 10 ram. ; sp. gr. 
1*4944 at 16° (Hesse, Ber. 1897, 30, 1438). 

AminoaceUil NHj*CHa*CH(OCaH5)2 was first 
prepared by Wohl by treating chloracetal 
with ammonia (Ber. 21, 616). It can also be 
prepared bv reducing nitroacotal (b.p. 14°: 
imp. 89°-91°, from iodoacctal and silver nitrite) 
with sodium and alcohol. It forms a colourless 
oil of b.p, 172°-174°, with a strong amine 
smell; it emulsifies with a little water, but 
dissolves on adding more water, and can be 

X rated i^m the solution by the addition , of 
. alkali. It is of some importance as a 
synthetio agent, as it readily condenses with 
aromatic aldehydes to form derivatives of iso- 
quinoUne : * 



Substituted alkylafninoacetals are also knowi 
(Paal and van Gcmber, Archiv. der Pbann 
246, 306 ; Stormer And Prall, Ber. 30, 1604). 

Acetal sulphide (acetalylf. sulphide 
W9sHflO)a*CH'CH2)]2S heis been prepared bj 
Iwcher (Ber. 42, 1070) by heating chloraoeta 
with aqueous potassium sulphide at 120°-160° 0, 
It forms a colourless liquid, b.p. 280° C. (76C 
mm.). It dissolves reoduy in water, from*whicl; 
it can be precipitated by salt, and is decomposec 
by boiling v^ith 1 p.c. hydrocliloric«acid. 

Chloro-trieihyl-phoaphinoacdal is described bv 
Caldwell (Trans. Chem. Soc. 109, 283). Prepare^ 
by heating monochloraeetal and triethylphos- 
phine ; it forms a viscous liquid of overpow^ing 
odour. The corresponding bromo compound h 
also described. They are hydrolysed to the 
respective aldehydes. 

Bipropyl acetal CUsCBiO-G^UA 2 , b.p. 147°; 

sp. gr. 0*826 (22°) (de Girard, Compt. rend. 
91, 629). 

Di-u-hutyl acetal CH3*CH*(OC4H5)o, b.p. 
198°-200° (King and Mason, Eng. Pat. 101428). 

lH-isoA)utyl acdal CH3*CH(OC4 Hb) 2, b.p. 
170° ; sp. gr. 0*816 (22°) (Claus and Trainer, 
Ber, 19, 3006 ; de Girard, Compt. rend. 91, 
629). ^ J 

Di-iso-amyl acdal CH3*CH(OC5Hi,)2, b.p. 
211°; sp. gr. 0*835 (16°) ^Isburg, Jahresb. f. 
Chernie. 1804, 486 ; Claus and Trainer, l.c.). 

Various other acetals have been prepared, 
but are for the most part unimportant ; the 
following may bo noted : — 

Acrolein diethyl (Sdal CHj : CH*Cn(OC2HB)2, 
b.p. 123*6° ; sp. gr. 0*8463 (16°) ; sparingly 
soluble in water, miscible with alcohol and 
ether ; hydrolysed by cold hydi’ocliloric acid 
(Wohl, Ber. 31, 1796. For reactions, sec Wohl, 
l.c. ; Wohl and Emmerich, Ber. 33, 2761 ; 
Wohl and Schweitzer, Ber. 40, 92). Acrolein 
itself reacts with orthoformic esttu*, &c., to 
yield the ethoxy derivative of propionald^ydc 
acdal CH2*(OC2 Hb)*CH,*CH(OC 2H5).„ b.p. 184°- 
180° (Claisen, Ber. 29, 2933 ; 31, 1014 ; Fischer 
and Giebe, Ber. 30, 3066). Similarly, orotonalde- 
hydo yields h’dlwxT^-bvtyraUahyde acetal 
CH3*CH(OC2H,)*CH^H(OC2Hb) 2, b.p. 73°- 
74°/ 14 mm. (Claisen, l.c.). 

Crotonaldehyde didhyl acetal, see Wohl and 
Frank (Ber. 36, 1904). 

Propargylaldehyde didhyl acdal 

CH :0*CH(0C2Hg)2 

forms an oil with a camphor-like odour, b.p. 140° 
(Claisen, Ber. «29, 2933 ; 31, 1015, 1022 ; 30, 
3664, 3668t; 40, 3907). 

Glycerine aldehyde acetal o 

“ '■ CH,(OH)CH(OH)-CH(6c,H,), 

from acrolein acetal^Wohl, Ber. 31, 1799). 

Acetals derived from ketones can be obtained 
by the action of the hydrochlorides of formimino- 
ethers or phenylacetimino-ethers (Claisen, Ber. 
31, 1012 ; 40, 3908 ; Reittor and Hess, Ber. ’ 
40, 3023), 

^ Acetone dimdhyl acdal (CH8)a*C(OCH8)„ 
b^p. 83. t 

Acdotte didhyl acdal (CH,),*C(OC8 Hb) 2, 
^b.p. 114°, 
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Olycol acdal, see Pmner (Her. 6, 150), ¥erloy, 
(Chem. Zentr. 1899, ii. 919)^ 

Ethyl glyoxal acetal '011(002115)4, 

b.p. 62°-6^ / 10-12 mm. (Da^ and Dudley, 
Trans Chem. Soo. 106, 2463 ; cf. also Am. 
Chera. Abstr. 7, 3343 ; 8, 2252). 

The monosaccharides form derivatives termed 
glucosides {q.v.), which are related to acetals, 
and H is probable that the true acetals arc 
intermediate products in their formation : 

HOOIJ2'[CH(OH)1j;CHO+2HOCH3* 

-Jl20-fH0CH2[CH(0H)l*-CH(0CH3)2 
and these acetals then split off one molecule of 
alcohol to form the glucosides (E. Fischer, Her. 
28, <145), which are thus the cyclic-7-anhydro 
derivatives of the half acetals of the mono- 
saccharides. 

Aromatic acetals. The mono- and di- acctol 
derivatives of catechol are obtained by heating 
the monosodium derivative of catechol with 
monochloracetal (Moreau, Corapt. rend. 12(5, 
1656). 

Verley describes the production of inidliyl 
acetals of aromatic glycols which are jasmine 
perfumes, and may bo pnipared synthetically 
or from natural e.xtract of jasmine, which con- 
sists essentially of the methyl acetal of phenyl 
glycol (Eng. Fat. 4779, 189S) ; this substance : 




is produced by heating phenyl glycol and 
formic aldehyde with ddute sulphuiic acid. 
It forms an oil, b.p. lOF / 12 mm., and is 
identical with tlie natural perfume. If acetal- 
dehyde be used in jilaco of formaldehyde the 
ethyl acetal is formed, b.p. 103“/ 12 mm. 

Dieihyll) an zaUlehyd e acetal C ^14 r, 'CH ( 0(J 2H 3) , 
may he prepared by the method of Fischer and 
Giebo (£c.) bv treating the aldehyde with 5 
tim'es its weight of 1 p.c. ethyl alcoholic hydro- 
chloric acid, and heating to 100° for 60 hours, 
cooling, diluting with, water, and extracting 
with other ; or, better, by Claisen’s method : 
37 '5 grams benzaldeliyde, 57 grams orthoformic 
ester, and 49 grams alcohol, and 0'76 gram 
ammonium chloride are refluxed for 10 minutes. 
The product is then distilled from the accom- 
panying formic ester (b.p. 82?), and after further 
puntication with potassium carbonate is 
tractionated, the acetal distilling over between 
217° and 223°. Yield 62 grams or 97 p.c. of 
theory. A trace of hydrochlorio%oid may aiso 
be used as a catalyst in place of the dhimonium 
chloride (Clai8en,y.c.). • ^ 

(6) Acidyl derivatives of gQm-Glycoh. 

The diooyl derivatives corresponding to the 
true ooetals ; 

®‘>C(0'00'E,), 

(E-i and R2== alkyl or hydrogen) have hitherto 
been of slight'importance in industry ; recently, < 
however, the diacetyl esters of ethylidene glyoof 
have oome^to prominence as a means for th9 
production of acetic a^ydride. They may be 
prepai’ed by condensing acid chlorides wi h 


carbonyl compounds to a-chloralkyl fatty esters, 
ai^ then treating these with silver or potassium 
salts of the same or different adds 

n t * 

=AgCl+CH,-CH<g;2o-C#4 

(«ohiff, Bor. % 306 ; Geuther and Rubencamp, 
Annalen, 226, ,273). Acidyl derivatives of 
methylene glycols can be obtained by treating 
methylcnedihalogonides with the silver salts of 
fatty acids : * 

CHal2-f2AgOt)O0H3=2AgI+CHa(O'CO'CHj)8 
(Butterow, Annalem 107, 111 ; Arnhold, 

Annalen, 240, 204), pr by condensing polyoxy- 
methylenes with acid chlorides or anhydrides 
in presmee of zinc chloride 

(Deseudo, Bull. Soe. chim. [3] 27, 867). 

The following derivatives are known 
Methylene diacetate GHaiO '000118)8, b.^. 
170° (Hutlorow, Annalen, 107, 111 ; Desoude, 
Bull. Soc. chim. [3J 27, 1215). 

Ethylidene diacctate OH3'CH(OOOOH8)a, b.p, 
1(59° r sp. gr, I -073 (16°) (Geuther, Annalen, 
106, 249; Schiff, Ber. 9, 306; Franchiraont, 
Rcc. trav. chim. 1, 248 ; Geuther oad Riiben- 
cainp, Annalen, 225, 273). 

Ethylidene dipropfo7iate CH3OH(O0OC8H5V,, 
b.p. 192°; sp. gr. 1'020 (16°) (Geuther and 
Rubencamp, Ic. ; cf. also JCng. Pat. 14246, 1913). 

Ethylidene dibutyrate CiH3‘CH(0CO08H7)8, 
b.p. 215° ; sp, gr. 0'985 (16°) (Geuther and 
Rubencamp, l.c.). 

E^yliden^di-iaamUrianatc 

CH3'CH(OCO'C4H#a, • 
b.p. 226°;* sp. gr. 0'947 (16°) (Geuther and 
Rubencamp^ f.c.). 

Of these ethylidene diacetate is by far the 
most important ; it is now made technically by 
passing acetylene into acetic acid containing 
a mercury salt as catalyst 

G3Ha4-2CH8CIOOH=OH3'OH(0'COCH,)8 
The Cherniseh Fab. Griesheim Elektron (Eng. 
Pat. 14246, 1913) claim the production of esters 
of ethylidene glycol and vinyl alcohol by the 
action of acetylene upon compounds containing 
carboxyl groups in the presence of mercury 
salts ; the esters are stated to be solvents for 
cellulose esters ; in an example, 250 grams of 
anhydrous acetic acid are mixed with 10 grams 
mercury sulphate and, ^at 60°-80° C., dry 
acetylene is passed through until action ceases. 
The product on distillation yields 80-90 p.c. of 
the theoretical amount of the ester, • 

Boitoau (Eug. Pat. 15919, 1914) claims a 
modification consisting in forming the required 
catalyst in the substance heated.' For example, , 
mercuric oxide, or a merouiy salt of ,a wealk 
acid, such as acetic acid, is dissolved in gladal 
acetic acid, sulphuric acid is then added, and ^ 
acetylene ^passed in. 

The Hoc, Chim. des Usinea du Rhone describe 
(Eng. Pat. U27651 a further modification in 
which ethvMaene diacetate^is j^pared bjr the 
reaction oiaeetylene on glacial acetic acid m the 
y>reseQce of mercury aoeiittecand ^romatic or 
S^nhatic sulnhonic acids.* In Emr. Pat. 112766 
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the Jlso the use of mercwry i Acitamide formff wnite Hexagonal crystaU 

esters, e.g. methyl|ne | whjch are odourleisia| when pure/and mdt at 


81®-82® (Hofmann, Her. 14, 2729; Mason, Chem. 


The dia^tio ester obtained by any of the^ 800 /^;^ iTsS; 107 ; Meyer; Tr, 

lOMUUMl ttnlira Tin nn nna.finnr irifn a.Aaf.alHaVttr/1a -n . .-.i ... * 1 -.- 


Chem. See. Trans. 1898, ^91 ; Niooi; 
(or pRaldehyde) and acetio anhydride: • Zeitsch. anorg. Chem. 16. 397), boUs at 222” 

CH8'CH(0C50'CH3)2=CH8CH0+0(C0*CH3)j (cor.) [Kiindig], is readily soluble in waterj 
* f n A n /!?„-. hcatcd with acids or alkalis ia con- 

Elektnzik-ts A. G. (En|. verted into acetic acid and ammonia (Cdhinck, 
fnh production of acetic Compt. rend. 121, 893 ; 126, 907 ; 127, 1028 ; 

« converted into methylamino 
f T fSf- (Hofmann, Ber. 15, 408); Buchner and Papen- 

w 1 ^*® “ “ n •‘i™'”' 25, 1160; Selivanofi, Ber. 26, 423; 

r " .iT^ 1 I ^ I Bran^ois, Compt. rend. 147, 680; 148, 173 

»• Sehreiber, Annalen, 318, 371) 
T 7° 1 ‘^rTr, Acetamide acts both a.s a base and an acid 

e#,7 m ^ fetio anhydride distil (P,n„erandKlien, Ber. iO, 1896), combining uith 


at 100 mm. is about 115'’ C.) (Of. also Eng. Pat. 
131399, Soc. Chirn. dea UHinos du Rhone.) The 


compounds in which a metal takes the place of 


aIoZ\ 7‘ T K r tr oneatomofhydrogen,a802H30-NHAg(Strecker. 

potato can also be made by heating aceta do- Annalen, 103, 32 1 ; Tafei and EnocI Ber. 23 

hT n “Vi ‘ 7.",’ '550; Blacher, Ber. 28, 432; Hofmtnn and 

?. Lt » V ■ r F ’ Ber. 41, 312; Titherley, Chem.® Soc. 

poinPACH 1 According t/iorstcr (Chem. 

Ben^him dtocciafe (.,H,CH(OC()CHj),, g„(,_ jggg acetamide is a 

h tie on ® (225 -2.10»).can bo poivertul dehydrogenising agent and owing to its 
f 3 * grams benzyl chlonde its mercury for hylrogen 

with 36 ^rams Iwd peroxide and 80 c.c. boding L^t.“ 

acetic acid (Bodroux, Bull. Soc. chim. [3] 21, 


n ,, V rTo\^ tlm latter is attached to nitrogen, particu- 

a»tio acid (Bodroux BuU. Soc. ohim. [3] 2 , i„, ,,hen hydroxyl groups are iS pmximity, 

w “ 0 “ te employca as a Convenient means o 

«if?o?-rhm? 7 V 7 r,V f«n« 1 ® et™T‘“F detecting primary and secondary hydrazines 
Vr “‘.I®":!®® and primary hydroxjlaminei. It his also a 

u V marhed tendency to hrm additive compounds 

rf beuzaldehyde andae»ticanhydrid.foontaming (Morgan, Chem Soc. Proc. 1906, 23).*^ The 

Cblr% eV irmV 'iVa hydrogen in the NH, group has also been replaced 

Chem. J 27, 160). In oomplet^ abscii^ of by ^ ('Atherley, Chem. Soo. Trans. 

Mctio ^id no action occurs. It is only slow y ipoi, 390, 41 1 ,413). Acetamide forms molecular 
attacked by tmUing with sodium carbonato compounds of the typo CH, CONH„X, where 
V with soda lye, but is X = an organic or inorganic acid or an inorganic 

hydrolysed bv cold concentrated sulphuric or ealt (Tithcrioy, l.c. ; Topin, Ann. Chim. Phys. 

1^1 ®- »®>- When acetamide is treated wfth 
^l ^Bel sf • ‘®®’,^i‘’,,f““P"fV’ formaldehyde, paralddiyde, or trioxymethylene, 

d ’ I HI u’yy'V s™ ’ ni ’ ““densation productlof the type R’NH-CH,OH 

C^m zLr IMS li^V’ SV wo V ‘ obtained; these produetaVro of^value as 
Chem. Zentr. 1908, 1, 1831 , 1909, 2, l^-O.) antiseptics and as solvents for uric acid (J. Soo. 

h. A. M. Chem. Ind. 1906, 283). Mono-, di-, and tri- 
ACETAMIDE C^HgNO, or CH 3 .CONH 3 . 


chloracetamido (Willm, Annalen, 


■, and tri- 
102 , 110 ; 


(Hofmann, Ber. 16,980; Schulze, J. pr. Chem. Geuther, J. 1864, 317 ; Pinner and Fuchs, Ber. 
[2] 27, 612; Keller, J. pr. Chem. [2J 31, 364; 10, 1066; Malaguti, Annalen, 66 , 286; Cloez, 
Asohan, Ber. 31, 234#; Kiindig, Annalen, 106, Annalen, 60, 261 ; Bauer, Annalen, 229, 166; 
277; Abel, J. Soc. Chem. Ind. 1899, 616.) Hootson, Chem. Soo. Trans. 1899, 171 ; Swartz, 
Acfttamide is usually prepared by the dry Cnom. Zen^r. 1899, [i.] 588 ; Clermont, Compt. 
distillation of afhmonium acetate ; a better yield rend. 133, 737). Bromo-dialWl-aoetamide (J. 
(91*7 p.c.) and a purer product is obtained by Sod. dbem. Ind. 1904, 1238) ahd other halogen 
diatilling ammonium diacetate in the special derivatives have also been prepared (Selivanoff, 
ffippaiatus described by Francois ( J. Pnarm. J. Russ. Phys. Cl#m. Soo. 24, 132 ; Broohe, 


Glum. 23, 230). Between 136* and 195* acetic J. pr. Chem.j 2 ], 60, 97; Conrad, Ber. 29, 1042; 
aflW and water are evolved, and at 196*- Zincke and Kegel, Ber. 23, 230 , WiUstatter, Ber. 
222 * some acetamide passes over. When the 37,1775; Steinkopf, Ber. 41, 3671; Swartz, f.c.j 
temperature remains constant at 222 ® the dis- Francesconi, Gazz. chim. ital. 33 , 226 ; Ratz, 
talatioh is stopped, the residue being pure Monatsh. 1904* ' 26, 687 ; Einhqjm, Mnalen, 


acetamide. A nearly theoreticaWiald is obtained ^43, 203 ; Finger, J. pr. Chem. 1906, [ii.] 74, 163). 
by saturating ^mixture of emyl acetate and The acetamido ) 8 -naphthaquinones and some 

n4* mo — J J»£ 1. - 1 I i x.C 1 A..I 1 . 


by saturatii 
ammonia w 
after standi 
Amer. J. Sc 
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n 


; AAurmaiui and Ber. 33, *1538) 
and other aoetamide deriva|ive3 have been pre- 
pared (J. Soo. Chem. Ind. 1894, 60 ; Lunii^ro, 
Bull. Soc. ohini. 1903, iii. 30, 966; Ratz, Monateh. 
26, 1487 : Miolati, Gazz. ohiin. ital. 23, 190). 

Diacetamide C^H^NOj, or NH(C 2 H 30 )e and 
its derivatives (see Gautier, Z. 1869, 127 ; 
Hofmann, Ber. 14, 2731; Hontschel, Ber. 23, 
2394;Clurtius, Ber. 23, 3037; Mathews, Amer. 
Chem. J. 20, 648 ; Konig, J. pr. Chem. 1904, [ii.] 
69, 1 ; Troeg^, J. pr. Chem. 69, 341 ; Triacet- 
amide CjII^Or, or N(C 2 H 30)3 and its deriva- 
tives (see Wichelhaufi, Ber. 3, 847). 

• ACETANILIDE CeH^NHCOCHa, also 
known as Antifehrin, is prepared by heating 
togtlher glacial acetic acid and aniline for some 
time. 

For an account of its preparation on a 
manufacturing scale, see Muller, Chem. Zeit. 
1912, 36, 1055 : quoted by Cain, ‘ Manufacture 
of Intermediate Products for Byes,’ Macmillan 
&Co.,p. 51. 

By substituting thioacetic acid for acetic acid 
the reaction proceeds more rapidly and at a 
lower temperature (Pawlewski, Ber. 1898, 661). 
Acetanilide may also bo prepared by heating 
1 part of aniline with 12 parts of dilute acetic 
acid or o^crude pyroligneous acid under pressure 
at 150°- 160° (Matheson & Co., Eng. Pat. 6220 
and B. R. P. 981'70 ; J. Soc. Chem. Ind. 1897, 
659). ♦ 

A simple laboratory method consists in 
gently 'boiling a mixture of equal weights of 
aniline and acetic acid with 2 3 p.c. of zinc 
chloride under a reflux condenser for 3 hours, 
when the whole is poured into water and the 
acetanilide re-crystallised from water. The use 
of pure aniline obviates the necessity of de- 
colorising with animal charcoal. 

The substance melts at 114*2° (Reissert, Ber. 
1890, 2243), at 115°-11()° (llantzsch and Fresso, 
Bor. 1894, 2629), and boils without decora^si- 
tion at 303*8° (con*.) (Pictet and Crepieux, Ber. 
1888, nil), at 305° (eorr.) (Perkin, Chem. Soc. 
Trans. 1896, 1216) ; it is soluble in hot water, 
alcohol, or ether. 

Acetanilide is hydrolysed at 100° by caustic 
potash or by hydrochloric acid, but not by 
sulphuric acid (Hantzsch and Fresse, Ber. 1894, 
2520) ; it is rapidly decomposed by chromic 
acid, liberating carbon dioxide, and producing 
colouring matters (Be Coninck, Compt. rend. 
1899, 503). It reacts with zinc chloride at 180° 
with the formation of the yellow dye flavaniline 
(Brail tigam, Pharm. Zeit. 44, 75). 

By treating a solution of acetanilide in 
sulphuric acid with a mixture of nitric and 
sulphuric acids and hydrolysing tne gj*oduct,^t 
is converted into^-nitroaiiihne 

Acetanilide is present in the urine of cows 
(Petermann, Ann. Chim. anal. 1901, 166). It is 
largely used in headache powders and to adulte- 
rate drugs, such as phenaoetin. It seems to 
act physiologically by the slow liberation of 
aniline, and may thus give rise to aniline poison- 
iug. It is oxidised to some extent in the' 
fcKwy to 4 p-aininophenol. For methods of* 
estimation v. Puckneo** Ph. Rev. 1905, 302, 
and SeidelU Amer. Chem. J. 1907» 1091.^ The 


following reactions may be used for detecting 
itsjpresence : ( 1 ) bromine water added to a 
solution of acetanilide in acetic acid gives a 
white crystalline precipitate of p-bromacetani- 

m.p. 167° ; ( 2 ) evaporation of a so^tion 
to* dryness with mercurous nitrate gira* a 
green mass, changing to blood red on ||ddition 
of a drop of concentrated sulphuric acid; (3)s* 
fArio chloride# gives no blood-red colouration 
with acetanilide,* thus distinguishing it from 
phenacetin and antipyrine. 

Derivatives. — Chloracetanilidos (Jones and 
Orton, Chem. Soo. Trans. 1909, 1056) ; Nitro- 
acetanilides (HfilleiAan and Sluiter, Reo. trav. 
chim. 1906, 208). * 

acetic acid. Mide Antique. Essigsaure. 
Acidum Aceiicum. C 2 H 4 O 2 i.e. CHj*COOH, or 
C^HaO-OH. 

AceAc acid occurs in nature in the juices of 
many plants, especially trees, either as free acid 
or, generally, as the calcium or potassium salt ; 
and, in the form of organic acetates, in the oils 
from many seeds. It is stated to be present in 
larger quantities when the plants are kept from 
the light. It exists in certain' animal fluids ; 
Bechamp states it to be a normal constituent 
of milk. Gmelin and Geiger have found it in 
mineral waters, doubtless from the decomposition 
of organic matter. . _ _ 

Being a very stable body both at tlffBrdinary 
and at high tempora^res, it is found as a pro- 
duct of the decomposition or destructive dis- 
tillation of many organic substances. Acetic 
acid was first shown by Lavoisier to be formed 
by the oxidation of alcohol. Its true composi- 
tion was ascertained by Berzelius in 1814, and 
in 18JB E. Bavy (Schweigger’s J., 1821, 1, 340) 
provea that^it was formed, together trita 
water, by the oxidation of alcohil, without the 
formation ot carbonic acid as had been previously 
supposed. It was this observation which led 
Bobereiiier \ibid. 8 , *321) to explain acetic 
fermentation as a simple process of oxidation, - 

Preparation. — Acetic acid is produced by the 
oxidation, decomposition, and destructive dis- 
tillation of many organic bodies. The greater 
part of that used in commerce is obtained by 
the destructive distillation of wood. 

Hawley and Palmer (Eighth Int. Cong. Appl. 
Chem. 1912 [4] Grig. Comm. 6 , 138) have shown 
that the temperature within the retort above 
320° has but little influence on the yield of ’ 
acetic acid obtained in the destructive distilla- 
tion of wood. They obtained the following 
average amounts of 100 p.c. acid from sampl^ , 
of the body wood and slaV (i-€. body wood and 
bark together) of the hard woods commonly 
used for the distillation in U.S.A. ; Birch, 6*5(1 j 
beech, 6*55; maple, 4*96; red gum, S’l 6 > 
chestnut, 5*32; hickory, 4*61; ann oak,4*7B 
p.c., calculated on the dry weight of the wood. 

Acetic acid may also be obtained by boiling 
sawdust with water under a pressure of 6 atimw., 
Under these conditions Bergstrom (Papierfabr. 
1913, 11, 306) obtained from 1*17 to 1*87 pA , 
of acetic acid, and 0*19 to 0*23 p.c. of formic 
acid from coniferous woods (spruce, pine), and 
more than tw^ce as much acetic acid, and rather 
less formic ^id fTom birch ifnd^tber deciduous 
woods. Analogous results were obtained by 
destructive distillation of *thci# woqd 8 » «od for 
Sjfls reason Ume acetate|J'made from the wood 
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of deciduous trees contain less formic acid tXan 
those prepared from coniferous wood. I 
In Raisin’s process (Fr. Pats. 446871 and 
446878, 1911) sawdus^ is hydrolysed at about 


160® |by means of sulphurous acid and ste^, 
and tne acid vapours are condensed and neutral- 
ised wM soda. Calvert (Eng. Pat. 10687, 
d913) claims a method of producing acetic acid 


•4913) claims a method of producing acetic acid 
by the destructive distillation ^ coffee husis 
in a retort provided with a screw conveyor. 

In 1910 the amount of acetate of lime 
produced in U.S.A. |rom hard woods was 
162,772,000 lbs., and the amount of acetic acid 
in 1909 Was 51,963,000 Ibs.^^he bulk of which 
was used in the manufacture of dyes and«{»aper 
(Palmer, Oil, Paint, and •Drug Rep. March 9, 
1914). 

A method of obtaining acetic acid by the 
destructive distillation of coal, lignite, h,c., has 
been patented (Rehrens, Ger. Pat. 276049, 
• 1913). Ethylcnic compounds are isolated from 
the gases by moans of sulphuric acid, mixed 
mth carbon dioxide, and heated to about 400°. 
.Aout 76 p.c. of the ethylenic compounds arc 
thus converted into acetaldehyde, wliich is then 
oxidised to acetic acid {vide infra). 

Manufacture of Acetic Acid fwm. Alcohol . — 
Alcohol may be converted into acetic acid by 
powerful oxidising .agents, such as chromic 
acid, nifirif!? acid, «fec. Advantage may be taken 
of the fact that spongy glatinum or platinum 
black has the property of absorbing oxygen, and 
thus acting oa a powerful oxidising agent. If 
spongy platinum be placed over a vessel of 
alcohol with free access of air, the platinum 
absorbs at the same time the oxygen and the 
alcohol vapour, which combine and pgoduee 
acetic acid and water : — • 

C!l3CHa(fil-fOa=CH8COOII-l,OHa 

Alcohol. • Acetic acid. 

In addition to acetic acid, aldehyde (acetic 
aldehyde) is produced, whicli is intermediate 
in composition between alcohol and acetic 
acid. It is formed by the removal of two 
atoms of hydrogen from the alcohol and their 
replacement by an atom of oxygen : — 

0H8‘CHa’0H-l-O=CH3‘CH0+H2O 

Alcohol. Aldehyde. 

In presence of excess of oxygen aldehyde 
forms acetic acid. Aldehyde is a very volatile 
liquid, and is liable to be lost before its conver- 
sion into acetic acid ; it is therefore necessary in 
all oases where acetio acid is produced by the 
\ oxidation of alcohol to allow free access of air. 

This method produces a very pure acetic 
acid, but on account of the initial cost of the 
platinum (which, however, is not in any way in- 
)iured by use) it is not extensively used on the 
manufacturing scale. 

Numerous patents have been taken out for 
the oxidation of alcohol jor Icetaldehyde to 
acetic acid. In Behrens’ ' profl®8 (Got. Pat. 
2i^308, 1908) alcohol is oxidised to al&e^do by 
j the action of air in the presence of platinum as 
catalyst, ^^jddehyde is'^parated by frac- 
tionaJj dismianon, ^and$ jllfter fhe addition of 
dilute smphurio acid to make |jb elCetAcally 


a single 4|istuiflKion^ a column still. ' ' V 
In a later Rcuht^nna ^F.Tiir Uiff. n 


28839^, 1910), the yoohol is oxidised “by the 
catalytic action of I zinc oxide at about 360®, 
and the aldehyde tnen oxidised by contact with 
oxygen in an absorbing tower. ^ 

According to another process patented by 
the Chem. Fabr. Griesheim-Elektron (Eng. Pat. 
17424, 1911), acetaldehyde is oxidised by means 
of air in the presence of acetic acid or a chlorine 
derivative thereof, a catalyst, such as valladium 
pentoxide, or uranium oxide, being also used to 
promote tfie reaction ; or the ^dehyde may 
first be oxidised by excess of oxyge» (Eng. Pat. 
8076, 1912). 

The adtlition of small amounts of manganelo 
compounds promotes the oxidation, without the 
risk of explosion attending the use of compdlinds 
of vanadium, chromium, er cerium (Consortium 
Elektrochom. Ind. ; Fr. Pat. 460971, 1913). 

By mixing the acetaldehyde with about 1 
p.c. of ceric oxide or other catalyst, and treating 
it with oxygen under a pressure of about 2 
atmospheres, or with air at about 6 atmospheres, 
about 95 p.c. of the theoretical yield of anhydrous 
acetic acid is obtainable (Farbenwerke vorm. 
Meistor, Lucius and Pruning ; Eng. Pat. 10377, 
1914). 

The Badischo Anilin ii. 8oda Fabr. (Ger, Pat. 
294724, 1914) has claimed a process oftixidising 
acetaldehyde by means of air or oxygen In the 
presence of iron eomnounds a^d organic salts 
of alkalis, alkaline earths, aluminium or mag- 
nesia tn. The reaction is stated to take place 
rapidly, and without the aid of heat, whilst no 
por-acids are produced. 

In Jlibbert's process (U.S. Pat. 1230899, 
1917), wood charcoal previously saturated with 
strong acetio acid is used as the contact material 
for the oxidation of acetaldehyde by means of 
oxygen. 

Manufacture from Acetylene.-^ A French 
patent (360240, 1905) describes the preparation 
of acetic acid from acetylene. Acetylene is 
passed into a solution of a normal mercuric 
salt, whicli precipitates mercury acotylide. 
The liquid is then boiled, when aldehyde is 
formed and the mercuric salt re-formed. The 
aldehyde is then oxidised to acetic acid. 

An electrolytic pr^ess of oxidising acetylene 
to acetic acid has been patented by the Farben- 
fabr. vorm. Bayer u. Co. (Fr. Pat. 467778, 1913), 
the acetylene being oxidised by the use of a 
solution of sulphuric acid or other acid as 
electrolyte, in presence of a mercury coi^ound. 
In another patent by the same firm (fr. Pat. 
467516, 1914), the acetylene is passed through 
a solution of hydrogen peroxide, or a persulphate 
at about in the presence of mercury or 

a ^aercurjfc compound. The resulting liquid will 
contain about 25 p.c. of acetiqiacid. 

• Tift oxidation process may *lso be accelerated 
by the use of other catalysts in addition to 
mercury, with oi^without the simultaneous 
application of pressure (Fr. Pat. 471263, 1914). 

Acetio acid may also be produced without 
preliminary isolation of acetaldehyde by oxidising 
acetylene in an organic acid medium, such a« 
acetic acid, by means of oxygen, acting in the 
^presence of the requisite quantity of water and 
of a catalyst, such as iron oxide or Radium 
||)entoxide. The best results are obtained by 
Hntroducing the acetylens and oxygen alternately 

in ciiTin. 1 l iDiinnfif.ina inf^ tho Ooid mcdium {Gh ntn . 





Fabr. ^riesheim-ElektrAn, I Fr, Pat. 4^168, 
1914). I 

Acetic Acid by FmnmiaUon Processes.— 
Several spedes of bacteria are capable of con- 
rerting alooSolic liquids into acetic acid. The 
8|)eoie8 first recognised, as forming films on sour 
sdne and vinegar, was termed Mycoderma by 
Persoon, in 1822, although he did not associate 
them with the development of acidity. Even 
since it has been recognised that the pellicle 
ivos not the^product of yeasts or itould-fungi 
the name survived, and is still frequently 
ised as a generic term for the acetic bacteria, 
rhe views of Stack, published in 1803, that the 
Mycodenna acefd, or ‘ mother-of- vinegar,’ con- 
3ist^ of an aggregation of bacteria was not 
iccepted in 1808 by Pasteur; but Cohn, in 1872, 
ncluded these micro-organisms among the 
bacteria. 

Hansen, in 1878 {see Compt. rend. Lab. 
I^arlsberg, 1894 [iii.] ; 1900 [v.]), isolated three 
jpecies, which ho termed Bacterium aceti, 
D. Pasteurianum, and B. Kutzingianum, nnd 
showed that they differed from one another in 
form and in the nature of the pellicles which 
they produced when grown in alcoholic culture 
enema. 

Numerous other species of acetic bacteria 
tiave been described, such as Bacillus xylinus 
Brown, J. Ch^. Soo. 1886, 30, 432; Proc. 
Jhem. Soo. 1887, 87) ; oxydans, B. acetosus, 
B. acetigenus, B. curvus, B. xylinoides, &c. 
[Henneberg, Centralbl. f. Bakt. 1909, 24, 13) ; 
md B. rancena {Beijorinok ; Centr,albl. f. Bakt, 
1898, 4, 209). Although each of these differed in 
properties and in producing different involution 
‘orms, there is some reason for concluding that 
jome, at least, of them are not distinct species, 
3ut varieties modified by their environment. 

Tn 1906 Buchner and Gaunt (Annalen, 1906, 
149, 140) separated an acetic enzyme by 
extracting the zoogloeal pellicle of ‘ mother-of- 
raegar ’ with acetone. The preparations were 
eapaBle of oxidising alcohol to acetic acid, and 
lad also the power possessed by the living 
bacteria of oximsing propyl alcohol to propionic 
loid. An enzyme separated in this way from 
Hansen’s B, aceti has been shown by Wieland 
Ber. 1913, 46, 3327) to be capable of replacing 
palladium as a catalyst for tjbe oxidation of 
ilcohol into acetic acid. f 

For the production of apetic acid from 
doohoUo ‘ wo^es ’ by the action of living acetic 
bacteria, the liquid must contain a suitable 
proportion of nutrient substances (pho^hates, 
litrogenouB substances), &c., and there must 
)e a regulated supply of air (se# Manufacture 
>/ Vinegar, infra). • • 

For the manuiacture of the so-called ‘ spirit 
wid,’ a crude viifegar containing from ICPto 
j.o. of acetic acid is first made by a fermentation 
process from an artifioia% prepared wash 
composed of potato spirit with nutrient sub- 
itances. This is known as Essigsprit or 
^pritessig, and is a common commercial product, 
.t is concentrated by neutralisation with lime, 
tvap^tion of the liquid to dryness, and dis- 
illation of the crude calcium acetate, as< 
lescribe^ below. Owing to its more pleasant* 
iroma iqpirit acid of 80 p.o. strength fetches cPj 
li^her price in the market than ordinary acetic 


|A process of obt&ining acetic acid by a 
fermentation process from the Japanese sea* 
weld Fucus evanescence, has been described by 
Taihhashi (J. Chem. Ind.,TJo]^o, 1916, 19, 80). 
The seaweed is mixed -^th water and ^to 6 
p.§. of lime, which is added in successivelfcall 
quantities, and the mixture is kept aOO® for 
2 weeks. The yield of acetic acid is increased* 

the addition of fuoose. 

Distillation ofmAcetic Acid. — The concentrated 
or glacial acid is usually prepared, by the dis- 
tillation of a dry acetate within equivalent 
quantity of strong sulphuric acid, or acid 
potassium or sdliiufR sulphate. 

Senium acetatd is generally used. The 
anhydrous salt is fu.sci on sheet-iron pans, 6 feet 
by 4 foot, care being taken that no sparks reach 
the dried salt, as it would then ignite and bum 
like tinBer. The mass is cooled, broken into 
small lumps, and distilled with concentrated 
sulphuric acid. The first portion distilling con- 
tains the water, the later portion is collected 
and cook'd ; when crystals have formed the 
still liquid portion is removed, the crystals afb 
melted and redistilled os before, producing the 
glacial acid. 

^ When a solution of calcium chloride is mixed 
with a solution of calcium acetate, crystals of 
calcium aceto-ohloride CaOaH^^ClSH-O 
gradually separate. These crystah^^ay oe 
produced in compa)jptive purity even when 
impure brown acetate of lime is used. To obtain 
acetic acid ordinary commercial or ‘ distilled ’ 
acetate of lime is mixed with the proper pro- 
portion of calcium chloride, and the solution is 
concentrated by evaporation until it orystaJOiises ; 
the iqpther liquor is poured from the Crystals 
and concentjjp-ted with the production of a 
second crop of crystals ; this isarepeatid until 
about four crops have* been produced. The 
crystals are dissolved in water, filtered through 
animal charcoal, mixed with about 10 p.o. of 
calcium chloride, and recrystallised. The crystals 
are distilled with a mixture of 1 part sidphurio 
acid of sp. gr. 1 -84 and 2 parts water, and the 
acetic acid concqptrated in the usual way. The 
glacial acid may also be prepared by the dis- 
tillation of di- or acid-acetate of potassium, 
which, when heated, decomposes into aoetio 
acid and the normal potassium acetate. If 
ordinary acetic $cid be heated with normal 
potassium aceta^, the acid acetate is formed, 
and a weaker a(iid at first distils over ; as the 
temperature rites, the diacetate ^begins to decom- 
pose, and « the ^distillate increases in strength 
until the glacial erid passes over. When the 
temperature reaches 300° the ^tillate brines 
coloured from the decomposition of the aaid 
(Melsens, Annalen, 62, 274 ; Oompt. rend* 
19 , 611 ). 

In Chute’s- method of preparing acetate of 
lime the vapouiS from crude pyroligneous acid 
are brought into pontaot witH a stream of water 
mixed ’with nme. The .temperature of the 
liquid is kept at about 100° by the addition <d 
quicklime (U.8. .Prffc. 039980, 1909). . ' 

Scott and H^ndei^ (E^. ^tl o7U, 1896) 


LT^h clear liquid is decani 
|<oryetalsjire (A great puz 


anohcryslalhaed. The 
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Another method of rehaoving organic irajfiri- 
tiee is to boil the crude acetal with lime^an 
iron salt, and a bleaching agent (Zinkeisen, 
U.aPat. 1213724,4917). 

^^tt (Eng. Pat. r2952, 1897) has patented 
a ^proess which dispenses with lime in the 
mannf^ture of acetic acid. He distils the crude 
«aoid ai 100 °, and fractionally condenses the 
vapours. The acid collects mainly in the fi^t 
portions. • 

Crude acetates may be decomposed with 
H 3 SO 4 or HOI, and the acetic acid distilled in 
vacuo (Thompson, J. Soc. Chem. Ind. 1890, 367) ; 
or crude acetic acid may bc'fcrcatcd with oxygen 
under pressure, filtered thl-ough charco^^l and 
distilled over pure sodiiUn acetate (Sclimidt, 
Eng. Pat. 189fi, 25100). 

Hochstetter (J. Soc, Chem. Ind. 1902, 1409) 
prepares pure acetic acid by heating purd^ sodium 
acetate with dry HCl at 120° ; whilst Plater 
and Syberg patented a process of obtaining 
acetic acid by the electrolysis of alkali acetates. 

According to tlie patent process of Farben- 
flbr. vorm. Bayer u. Co. (Ger. Pat. 220705, 
1907) the crude acetate is heated to about 130°, 
the pressure within the still reduced to about 
atmosphere, and sulphuric acid introduced, 
he distillate is claimed to edntain only traces 
of sulphur dioxide. 

In Hager’s continuous process (Fr. Pat. 
449035, 1911) sulphuric geid is sprinkled pro- 
gressively on tlie acetate in a series of com- 
partments, the material being meohanically 
transferred from ^ne compartment to the next, 
whilst the liberaied acetic acid is condensed in 
the upper part of the apparatus. 

Another method of distillation mak^s use 
of i hot rotating surface upon wjjioh a mixture 
of acetate an^ sulphuric acid is mechanically 
spread. The acetic a<|id is condensed, and the 
solid residue is removed from the hot cylinders 
by means of scrapers (Briiuer, U.S. Pat. 1196329, 
1916). 

Aromatic or radical vinegar.— Before the 
discovery of pyroligneous acid strong acetic acid 
was prepared by the distillation of ordinary 
vinegar, or of orystulhsed verdigris, whence 
it was popularly known as dutilled verdigris. 
Tliis product, which was distilled from 
earthenware retorts, formed the aromatic or 
itadiml vinegar of the apothecaries, but the 
method is now obsolete. It owed its name 
to its pleasant odour, largely due to acetone, 
which is always produced when acetates of 
heavy metals are distilled, but camphor and 
essential oils were frequently added to increase 
or modify the smell. Commercial aromatic 
viliegar is now made by adding essential oils 
and spices to pure diluted acetic acid. 

OoncentreUton and Purification. — The acetic 
aoid obtained by the distillation of cinide 
acetates of lime is usually concentrated by the 
redistillation of united similar fractions in a 
column still, whilst organic impurities are 
^ oxidised by the addition of potassium per- 
manganate or diohromate prior to the distillation. 

According to a patent process of the Chem. 
IPabr. f^nesheim-Emktron (Ger. «Pat. 230171, 
1109) anhydro% ^rapper sulphate* ds used to 
dehvdrate the acicL during the ^distillation ; 
whust met«»phi^hono acid is used for 
same purpose in ai^^her patei^ (^r. Pat^ 


2822«3, 1914). oAitrenstem (A. angew. Chem. 
1916, 29, 148) has Llescribed a patent process of 
obtaining glacial acetic acid from dnute acid 
by extraction with an immiscible ^lolvent, su^ 
as dichloroethylene, and claiips that ^ p.c. of 
the theoretical yield may thus be obtained. 

In another process (Harburger Chem. Werke 
Schon u. Co., Ger. Pat. 292969, 1915) the dilute 
acid is treated with potassium acetate, tnd the 
resulting double compound of potassium acetate 
and acetft) acid which separal^s from the 
solution is redistilled. • 

An electrolytic method of purification 
(French, U.S. Pat. 1104978, 1914) is based on 
the decomposition of impurities by means of 
an electric current, the strength of whlSh is 
regulated to prevent material decomposition of 
acetic acid. 

Formic acid and tarry matters may be 
removed by redistilling the crude acid with an 
equal weight of 70 p.c. sulphuric acid at about 
130°, at which temperature formic acid is 
destroyed, whilst acetic acid is not appreciably 
attacked (A. Gorhan, U.S. Pat. 1210792, 1917). 

Properties. — The strongest acid solidifies at 
16‘0° (Bousfield and Lowry, Chem. Soc. Proc. 
1011, 27, 187) in tabular or prismatic glistening 
crystals. The glacial acid may bo fooled to 
— 10° without solidification, even when agitated, 
but on the addition of a crystii' of the acid the 
whole solidifies and *ho temperature rises to 
16-7°. 

3’he specific gravity of the crystals at 16°/4° 
is 1*0607 (Mendeleeff, J. 1860, 7). They melt to a 
mobile colourless liquid of sp. gr. 1 *0543 at 16°/4° 
(Petteraon, J, pr. Chem. [2] 24, 301), 1*0496 at 
2074 ° (Briihl), 1-05148 at 18°/4°, and 1*04922 
at 20°/4° (Bousfield and Lowry, Ic.), which boils 
at 118*6° at 760 mm. (Perkin), 118*1° (corr.) 
(Thorpe and Rodger). The liquid is unin- 
flammable, but the vapour bums with a blue 
flame producing water and carbon dioxide, 


B OILING -eoiNT OF Glaoial Acetio Acid under 
VARIOUS Pressures (LandoU). 


Pressure . 

Bolling 

point. 

Pressure.^ 

r 

Bolling 

point. 

Preasure. 

BoiUng 

point. 

mm. 

°C. 

1 mm. 

°C. 

mm. 

“C. 

1160 

132 

1 660 

109 

60 

48 

960 

126 

1 360 

96 

30 

31 

700 

119 

160 

73 j 




When paqped through a red-hot tube only 
a%mall pvtion is decompiised, producing carbon, 
acetone, benzene, &o. The strong acid Blackens 
Mihen*heated with concentrated sulphuric acid, 
evolving sulphurous and carbonic anhydrides. 

Nitric and ohrcAio acids have no action ; for 
this reason acetic acid is frequently used as a 
solvent for organic substances such as hydro- 
carbons, which are to be subjected to the action 
of chromic acid. Chlorine under the influence 
of sunlight replaces a porUon of the hydrogen, 
and produces mono-, di- and trichloracme acids. 
'Similarly, bromine produces dibromaoe^ acM. 

* Commercial acetic acid oontaiiM mpuiities 
which react with bromine and chlorine in the 
dark,«whereas pure acetic acid is not attacked 
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)y ttteae tutiogoiis m we darjL These impurities 
lan be removed by distittnc the acid over 
}hosphoric oxide, only traoel of acetic anhydride 
)eing formed in the process (Orton, Edward, and 
Sinff, Chem.*Soc. Proc. 1911, 27, 120). 

Pore acetic acid is not decomposed by direct 
lunlight, which, however, effects the decomposi- 
ion of aoetaldebyde, with the liberation of 
nethaae and carbon monoxide. Direct rays 
Tom a mercury vapour lamp decompose both 
loetaldehyde and acetic acid, the latlbr yielding 
;arbon mondlide and dioxide and 39 p.c. of 
jombustible gases (Borthelot and Oaudechon, 
[:)ompt. rend. 191.3, 156, 68). 

On the addition of water to the glacial acid 
heaths evolved and the density increases until 
20 p.c. of water is pre.sent ; from this strength to 
23 p.c. of water the density remains stationary. 
Further dilution lowers the density, so that 


eit^r dilution or concenX'Tauon rnmi i>iiis point 
wi J produce an acid of diminished den$ify* 
Airaoid containing only 43 p.o. of has tho 
same density as the glacial acid. This, toother 
with the slight difference between the demw of 
adtic acid and water, renders it impossi^ to 
determine, with any precision, thapercej^jbege of 
acid by means of the hydrometer. 
f No definiteAydrates of acetic acid are known 
(Do Coppet, Anp. Chim. Phys. [7] 16, 276; 
(biles, Onera. Soc. Trans. 1906, 1247), although 
the break which occurs in the curve of the 
solidification points at about 37 p.o. of water 
suggests the foAiaiion of a hydrate 

• (\irI(^+2H20 

The following table shows the density of 
aqueous acetic acid at 15“ and 20“ (Oudemans, 
Jahresb^r. Fortsch. Ohera. 1886, 302) : — 


Density of Aqueous Acetic Acid (Oudemans). 



Density 


Density 


Density * 

p.c. 

16 ° 

20° 

p.r 

16° 

20° 

p.c. 

15° 

20° 

0 

« 

0-9992 

0-9983 

34 

1*0459 

1-0426 

68 

1*0725 

JiP07d 

1 

1-000^ 

0-9997 

35 

1*0470 

1-0437 

C9 

1*0729 

nTooss 

2 

1-0022 

l-(^]2 

36 

1-0481 

1-0448 

70% 

1-0733 

1-0686 

3 

1-0037 

1-0026 

37 

1-0492 

1*0458 

71 

1*0737 

1-0689 

4 

1-0052 

1-0041 

38 

1-0502 

1-0468 

72 

1*0740 

1*0691 

6 

1-0067 

1-0055 

39 

1-0513 

1*0478 

73 

1*0742 

l'Q6»3 

6 

1-0083 

1-0069 

40 

1-0523 

1*0488 

74 

1*0744 

1*0695 

7 

1-0098 

1-0084 

41 

1*0533 

1*0408 

76 

1*0746 

10697 

8‘ 

10JJ3 

1-0098 

42 

1*0543 

i-0607 

76 

1-0747 

1*0699 

9 

1-0127 

1-0112 

43 

1*0552 

1*0610 • 

77 

1-0748 

1*0705 

10 

1-0142 

1-0126 

44 

1*0662 

1*0626 

78 

1-0748* 

lti700 

11 

1-0157 

1-0140 

45 

1*0671 

1*0634 

79 

• 1*0748 

1*0700 

J2 

1-0171 

1-0154 

46 

1*0580 

1*0543 

80 

1*0748 

1*0699 

13 

1-0185 

1-0168 

47 

1*0589 

1-0561* 

81 

1*0747 

1*0698 

14 

1*0200 

1-0181 

48 

1*0698 

1-0569 

82 

1*0746 

1*0606 

15 

1-0214 

10195 

49 

1*0607 

1-0567 

83 

1-0744 

1*0694 

16 

1*0228 

1-0208 

60 

1*0615 

1-0575 

84 

1-0742 

1*0601 

17 

1-0242 

1-0222 

61 

1-0623 

1-0583 

#85 

1-0739 

1-0688 

18 

1*0266 

1-0236 

62 

1*0631 

1-0690 

86 

1-0736 

1-0684 

19 

1-0270 

1-0248 

63 

1*0638 

1-0597 

87 

1-0731 

1-0679 

20 

1-0284 

1*0261 

64 

1*0646 

1-0004 

88 

1-0726 

1-0674 

21 

1*0298 

1-0274 

66 

1-0663 

1-0611 

89 

1-0720 

1-0668 

22 

1*0311 

1-0287 

66 

1*0660 

1*0618 

90 

1-0713 

1*0660 

23 

1*0324 

1-0299 

67 

1*0666 

1*0624 

91 

1-0706 

1*0652 

24 

1*0337 

1-0312 

68 

1*0673 

1*0630 

92 

1-0696 1 

1*0643 

26 

1-0350 

1*0324 

69 

1*0679 

1-0630 

93 

1-0686 

1*0632 

26 

1-0363 

1-0336 

60 

1*0886 

1-0642 

94 

1-0674 

1*0620 

27 

10376 

1-0348 

61 

1*0691 

1*0648 

95 

1*0660 

1*0606 

28 

1*0388 

1*0360 

•62 

1*0697 

1*0653 

90 

1*0644 

1*0589, 

29 

1-0400 

1*0372 

63 • 


1*0668 

97 

1-0625 

105TO 

30 

1-04J2 • 

1*0383 

64 

1*0707 

1-0663 

98 

1-0604 

1*0549 • 

31 

1*0424 • 

1*0394 

65 

•l*0il2 

1*0667 

99 

1*0680 

1*0525 

32 

1*0436 

1*0406 

66 

1*0717 

1*0671 

100 

1-0553 

1*0497 

33 

1*0447 

1*041(% 

67 

1*0721 

1*0676 




The addition of a small quantity oi water 
lowers t!ie melting-point of the glacial acid 
oonsidorably, as shown by the table at top of 
p 16 : Dahms (Ann. Chim. Phys. [71 18, 141). ■ 

The tables on P4|,i6 of the solidification points, 
mixturesief aoeic acid and water are of use 
in determining the streii|;th of acetic acid. 


Acetic acid is monobasic, but forms both acid 
and basic, as well as normal salts. It diaadivea 
^certain metallic oxides, as those of leAd and 
copjMr, for^gAd^ basic aoetaWb. g 

The action of acetic acid on'*Uuminium is a 
matter of technical import^oepsino^ aluminium 
.}tMls are in use for distil^ the acid, Aluiuiw 
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SoU4if3riag- 

point 

... j| 

Water to 
100 pftTta 
real acetic 
acid, 

SoUdlfying- 

polnt 

Watef to 
lOOpIris 
real acetic 
acid 



°c. 

a 

16^76 

0 

-3*94 

16*38 

• 16‘S0 

006 

-8*80 

21*63 

16-06 

0-29 

-12*90 

24*5li 

14-64 

1*16 

-18*10 

29*97 

11*81 

2*94 

-17*90 

30*87 

7*21 

6*53 

-23*87 

36*67 

2*96 

10*33 

-24*90 

37*62 

2-46 

10*74 

^26*20 

39*30 

-2*90 

16*80 

126-76 

a 

AO 

Rudorff’s Table of 

SOLTDinrATTON 

Points 


OF MrXTUKFS OF AOETIO AoiD AND^'iVaTKH. 
(Bcr. 1870, 3, 370.) 


100 parts of 
acetic acid 
•mixed with 
water. 

100 parts 
contain by 
weight. 

Solidification 

point. 

0*0 

0*0 

. +16*7 

0*6 

0-497 

16-65 


0*990 

14*8 

1*6 

1*477 

14*0 

2*0 

1961 r 

13-26 

3*0 

2*912 

11-96 

4*0 

3*846 

10*6 

6*0 

4*761 

9*4 

6*0 

6*660 

8-2 

7*0 

6*642 

7*1 

8*0 

7*407 

6*26» 

9;0 

^ 8*267 

♦ 6-3 

10% 

• 9*090 

.4*3 

11*0 

9*9f0 

3-6 

12 0 

10-774 

. 2*7 

16*0 

13-043 

-0-2 

18*0 

16-324 

2-6 

21 0 

17*355 

6*1 

24*0 

19*354 

7*4 


Grimaux’s Table of Soudifioation Points 
OF Mixtures of Aoetio Acid and Water 
(Compt. rend. 1873, 70, 486.) 


Water. 

Acetic acid. 

SolMltlcation 

point. 

Per cent. 

Per cent. 

'’C. 

7-31 

^ {fe-69 

+ 6*3 

13-26 

86*76 

- 1*4 

. * 23*62 

76*48 

-11*6 

31*18 i 

68*82 

-19*3 

88-66 

66*44 

-20*5 * 

38*14 

61*86 

-24*0 

44-60 

65*60 

• -22*3 

49-38 

60*62 1 

-19*8 

66-64 

43*46 

-16*4 

61-68 

38-2 

-14*8 

69*23 

30*77 

-10*9 

76.23 

23-77 

- 8*2 

79-22 - 

, ,*20-78 

% - 7 *3 

81-89 ^ 

‘ 18*11 

6-4 

88-79 

• •46-21 

- 5:5 ■ 

: 

.Jt 

* • 


mnm*is dissolved boiling W) p.o. aeetio acic 
with the formation of an insoluble gelatinoii) 
basic acetate Al( 0 ‘cOCH 3 )jOH, which probably 
acts as a protective coating upon the surface o: 
aluminium plant. With the dilution of th( 
acid the rate of the solution rapidly increa^ 
and 90 p.c. acetic acid dissolves about 10 timet 
as much aluminium in a given time as 99 p.o, 
acid, whilst dilute acid attacks the metal verj 
rapidly. Slight variations in the strength often 
have a iptonounced influence on the solvent 
action, the addition of 0‘06 p.o. oi water to a 
corrosive acid being sufficient in some cases tc 
arrest tho action (Seligman and Williams, J. 
Soc. (diem. Ind. 1916, 36, 88), 

The most suitable metals for the Gong!»mc< 
tion of acetic acid plant are block tin and gun« 
metal containing a sufficient proportion of tin. 

Acetic acid has a pungent sour taste, and 
when strong blisters the slan. Tho glacial acid 
has no action on litmus, but on addition oi 
water becomes powerfully acid. It is not 
affected by the electric current, probably because 
a bad conductor, but when a little sulphuric 
acid is added the current decomposes it, pro- 
ducing, according to llenard (Ann. Chim. Phys. 
[6] 16, 289), carbon dioxide, carbon monoxide 
and oxygen. Alkali acetates when el^^Jtrolysed 
are decomposed into hydrogen and » alkali 
hydroxide which appear at t^ negative pole, 
and ethane and carbdi dioxide at the positive 
pole. 

Acetic acid mixes with alcohol and ether 
in all proportions. It dissolves resins, gelatin, 
fibrin, albumin, essential oils, &o. Phosphorus 
and sulphur are somewhat soluble in the warm 
acid. « 

Acetic acid is largely used in tho preparation 
of the acetates of copper, aluminium, iron, lead, 
iVc. ; as pyroligneous acid in calico printing, 
and the curing of herrings, hams, &c . ; m 
the preparation of varnishes and colouring 
matters ; in the laboratory and certain industries 
as a solvent; for domestic use; in photography; 
and in medicine as a local irritant and to allay 
fever, and in the form of smelling salts. 

Analysis .' — Commercial glacial acid should 
contain not loss than 98 '9 p.o. of absolute acid. 
When crystallised it •Should not re-inelt below 
14-7°. If 9 volumes oil of turpentine be agitated 
with 1 volume of acid, no turbidity will be 
produced if the acid contain 97 p.o. or upwards* 
Acid of 99-6 p.c. produces no tuAidity with any 
proportion of turpentine’ (Bardy, Chem. News, 
40, 78). 

A very delicate test for the presence of water 
is to mix the^cid with an equal bulk of carbon 
dlsulphid^ in a dry tube, and warm with the 
hand for a few minutes ; in ;|r6senoe of a trace 
wo^r the liquid becomes turbiS. 

The commercial acid may contain sulphuric 
acid, sulphates, fplphurous acid, hydrochloric 
acid, chlorides, nitiatca, arsenic (derived from 
sulphuric acid), and copper, lead, 2ino, iron, 
ana tin derived from the vessels need in 
the manufacture. 

The presence of snlphuiio acid or sulphates 
is shown by the production of a white*preoipi- 
tate with Imrium chloride. To the filtesrra solu* 

I tion bromine or chlorine witer is li^ed, pro- 
ducing, if sulphurous apid be present^ a furthM; 

of barium sulphate. ^ Hydroehlorie 
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and estimated 


acid and chlorides arc detei 
by means of silver nitrate. 

In testing ^or metals a considerable bulk 
of the acid should be evaporated ; a few 
drops of hydrochloric acid are added, and a 
current of hydrogen sulphide passed through 
the liquid ; a black or brown colouration or pre- 
cipitate indicates lead or copper, (,-opper m.ay 
also be detected in the evaporated liqind by the 
brown precipitate produced on the addition of 
potassium feraocyanide, and estimated by elcctro- 
d^osition. Iron may also be detected by the 
ferrocyanide test. To test for zinc, the solution, 
after the passage of hydrogen sulphide, is 
filtere?^, nearly neutralised with ammonia, and 
sodium acetate added, when zinc will be pre- 
cipitated as white sulphide. For arsenic 
Reinsch’s, Marsh’s, or the electrolytic test may 
be used. 

Small quantities of acetic acid may be recog- 
nised by neutralising the liquid with potassium 
hydroxide, adding arsenious oxide, evaporating 
to dr 3 mesa, and heating the residue, when the 
characteristic smell of cacodyl is evolved 

To determine the free acidic acid in a solu- 
tion it is usual to titrat-e a weighed quantity with 
sodium hydroxide solution standardised against 
acetic acid of known strength or hydrogen 
potassium tartrat^( Stillwell and (lladding). 

As indicator limus rnay^ie used, but as it is 
rendered blue by the normal sodium acetate, it 
18 preferable to use plienol-phthalein, to which 
that substance is neutral ; this is also more 
sensitive, and, where coloured, the liquid may 
•be considerably diluted without impairing the 
delicacy of the reaction. 

To estiiuato small percentages of water in 
acetic acid, the solidifying-point may be deter- 
mined and the percentage found by the tables ' 
before given, 

(’ommercial glacial acetic acid usually con- 
tains formic acid in proportions of about 
0 02 to 0'8 p.c. Methods of separating and 
estirnaiing formic, acetic, propionic, and butyric 
acid in admixture arc given in Zoit. anal. (’hem. 
1899, 38, 217. For tlie estimation irf formic 
acid, Fincke (Apoth. Zeit. 19)0, 727) boils the 
acid under a reflux condenser with sodium 
acetate and mercuric chloride, and separates 
and weighs the precipitated caramel. Another 
method nos been based upon the fact that formic 
Ecid will expel acetic acid from acetates. The 
acid is neutralised with sodium hydroxide, 
evaporated, and the residue dried at 125°, and 
vfeighed. Jt is then evaporated with formic 
acid two or three times, and the rlsklue again 
dried at 125°. The difference betwien th#| 
weights corre8pond%to the amount of acetic acid 
expelled. The results for formic acid arc aBoutij 
0*02 p.c. too high, and those for the acetic acid 
too low (Heerraann, Chem. Zei#, 1915, 39, 124). 
According to the B- P. (1914) test the absence 
of formates is shown by the acid not darkening 
immediately when treated with ammonia 
solution and heated with silver nitrate solution. 

Chapman (Analyst, 1899, 24, 114) describes 
a method for the estimation of wovalerio acid 
in acetic koid. 

The prei^noe of "^acetic anhydride may be 
andfertained by the red preoj})itate of amorphous 
shlenium obtained on treating the acid with 
selenious oxide or sodium selenite, pure gl# 2 ial 
VoL I.^T. . ^ 
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aoetif acid remaining clear in this test (^lein, 
J. Ind. Eng. Ch^m. 1910, 2; 389). Angj" 
sensitive test is based jipon the fact that ^ 
anhydride reacts with certain aniline deriva) . 
notably 2 : 4-dichloro-aniline, to form in^lmle 
anilides, which can be separated and indirectly 
estimated as chloroamino (Edwards and Orton, 
Ch^. Soc. Proc.^1911, 27, 121). 

Aceto- acetic acid may be detected by the 
violet colouration which it gives with sodium 
mtropnisside and ammonia, followed by insuffi- 
cient acid to neutralise all the ammonia (Harding 
and Ruttan, Bioclfewf, J. 1912, 6, 445). 

The* acetic acid In acetates may be esti- 
mated by distilling about 1 gram of the salt 
nearly to dryness with 10 c.c, of a 40 p.c. solu- 
tion of phosphoric acid (free from nitric and 
other voiiftile acids) ; water is added and the 
distillation repeated to remove the last traces of 
acetic acid ; the distillates are mixed and titrated 
as above with standard alkali. This method of 
distillation may also be used for highly coloured 
solutions of acetic acid where direct titration is 
not practicable ; or the method of distillation 
with formic acid, described above, may be 
cmjiloycd. 

Most commercial acetic acid contains traces 
of tarry substances, though the proporMgp is 
much less in acids whicb-Jiavo been purified by 
treatment with permanganate. The permissible 
limit for such eriipyrcumatic substances in 
glacial acetic acid is prescribed by a B. P.fl914) 
test, according to which 2 c.c. of the acid should 
not decolorise within half a minute a mixture of 
3 drops of a 1 j).n. solution of potassium per- 
manganate and 10 c.c. of water. 


MANOVAOTtmE OF VmEOAB. 

• 

The term ‘ vinegar,’ as its derivation implies, 
was originally applied to wine which had become 
sour, but is now used to describe all products 
made by the acetic fermentation of alooholio 
liquids, the particular kind of vinegar being 
usually indicated by a prefix, such as ‘ wine 
vinegar,’ ‘ malt 'vinegar,^ ‘ cider vinegar,’ or 
‘ spirit vinegar.’ The terms ‘ beer vinegar ’ 
and ‘ alegar,’ which are to be found in the Acts 
of Parliament, are now obsolete. 

From whatever material vinegar is derived 
the essentials of the process are the same. An 
alcoholic liquid of a suitable strength must be 
subjected to the oxidising action of acetic 
bacteria, in the firesonce of suitable nutrient 
substances, and of a regulated suuply of air. 

Wine vinegar. (Fr. Vimiffre;(%r, Weinessig.) 
In the wine district of Orleans, which has been 
celebrated for centuries for the production of 
wine vinegar of fine aroma and flavour, the 
original method was to add a little vinegar to 
sour wine, and to expose the mixture to the 
air in open casks. This primitive method was 
still in use as late as 1876, although most vinegar 
makers in France had long discarded it for the 
‘ Orleans process,’ in which the wine is acetified 
in a series of casks packed with shavings And 
jU*ovided with holes for the admission of air. 

* Fulbbodietf fzines are seleolied jtor the manu- 
facture, and if they contain above w p.c. alcohol 
thgy are suitably diluted T#fch 'wealjger wines. 
The*wine, lUfore being feru^ted, is usually left 
for some time fn*oontaclj|iiin ibeech shavings, 
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on wMoh the leee ftre deposited, renderinl the progresses more ^pidly In the former ; 
idne brighter. A certain amount of extractive after twenty-four houw, is filled from the full 
iwaj||j|p however, •necessary for the- develop- cask, in which the action then increases. This 
ma|^f the bacteria, and if the wine be old and alternate transference is continued daily until 
the^tter deposited, the fermentation is iftuch the acetification is complete. The most tavour- 
retorded. Wme one year old is preferred. able temperature is about 24®. The vinegar is 
The ‘ Vinaigrerie ^ is usually a buildinu of run off into casks containing chips of biroh wood 
southern aspect ; the rooms m which the pro- on which the lees settle, and in about lourteen 
cess is conducted are low-roefed, and, in order days beii% thus clarified is stored in close casks 


to admit air, the walls are provided with open- 
ings which can be closed when the temperature 
is not sufficiently high. 

Sets' of casks of well-^ea^oned oak, bound 
with iron hoops, each ^oTding from 60 .to 100 
gallons are supported 6n their sides in rows 
about 18 inches from the floor, one set being 
frequently placed above another, in which case 
those nearest the roof are found to work most 
rapidly. Each cask is bored with two holes in 
the front end, a larger one, the ‘ eye,’ for the 
addition of wine or tiie removal of vinegar, and 
a small one for the admission of air. 

When first used the casks are thoroughly 
scalded with boiling wator to remove extractive 
matter, filled to a third of their capacity with 
boiling strong vinegar, and allowed to stand for 
eight days ; from that time wine is added in 
oha r/w» of about 10 pints every eight days until 
the c^s are not more than two-thir(is full ; 
after a further interval of 14 days a portion, 
varying from 10 gallons to half the total bulk, 
is drawn off and the periodical addition of the 
wine continued. The temperature of the 
chambers should be about 26°, and is kept up 
when necessary with a stove. In order to 
a-icertain if the fermentation is com|)leted at 
the end of the usual time, the workman plunges 
a w^ito spfetula into the liquid : if a reddish 
froth adheres, more wine is added and the 
temperature raised ; a white froth indicates 
the completion of the process. More than eight 
days are sometimes required to complete the 
oxidation, in which cose stronger wine and a 
higher temperature may be used. The sluggish- 
ness may, however, be due to the casks becoming 
foul, which occurs usually after about six yeara 
working. The deposit of argol, yeast sediment, 
&c., is thoroughly removed, and the casks 
cleansed and recharged with hot vinegar as in 
the case of new casks. Good casks ^1 often 
last twenty-five years. 

When working satisfactorily each cask will 
produce about twice its capacity of vinegar 
annually. 

Before storing,<'»the vinegar is usually passed 
through the ‘ rapes ’ where it is ‘ brightened ’ 
(md the acetification completed. 

The drawback of the Orleans process is that 
it is excessively slow, but, on the other hand, 
the tiow working promotes the formation of the 
eiiters to which ranch wine vinegar owes its 
reputation. 

In other ports of France and in Holland and 
on the Bhino the following method is used. 
The wine is placed in two lar^e upright tuns 
about 9 feet high and 4 feet wide, open to the 
air. Saeh iun has a nerforat^d false bottom 
about 12 ine|u»8 ifbove tne true bdytom ; on this 
is plaoed ■ a ^antity of vine cuttings, stalls, 
&c., so Bs^o expoeil a large surface for the fon^a- 
tion of the fun^S. ' (>ne of the vats^is half, ^ end 

other eompetdlli filled. iSne acetification 
• ® 


for the market. * 

This method is described in a leiter published 
by the Royal Society in 1670 (Phil. Trans. Roy. 
Soc. 1070, V. 2002). 

In Claudon’s process of acetification the 
wine is fermented in a series of siipefposed 
closed aliallow vessels, so constructed that air 
currents can be conducted over the surface of 
thin layers of tlto wine. This is more rapid 
than the ordinary Orleans process. 

Malt vinegar [Malzgclreide Bitresmg). The 
vinegar industry in this country has developed 
out of the brewing industry, and the connection 
between the two industries is clearly shown in 
tlio Revenue Act of Charles II. (1673), in which 
the so-called ‘ vinegar beer ’ produced in the 
‘ common breweries ’ was charged a duty of 
6d. per barrel as against 1.?. 3^Z. upomsix-shilling 
beer. It is very probable that most*' of the 
vinegar first made in Englaj^d was a product 
of the brewery wh/f:h had become accidentally 
sour, and was then exposed to the air to com- 
plete the aertification. The manufacture of 
vinegar as a separate industry appears to date 
back not much further than the early part of 
the seventeenth century, and the first ‘ vinegar 
yard ’ in London was established about the year 
I()41. But long before any vinegar brewer 
had become established in this country ‘ beer 
vinegar ’ or ‘ alegar ’ was made in many a house- 
hold by tlie simple process of adding the so- 
called ‘ vinegar plant ’ (t.c. the zoogl cal form 
of acetic bacteria) to ale whi(;h had turned sour. 

The process of making vinegar on a manu- 
facturing scale was probably introduced into 
this country from France, and the methods 
which had been found to give the best results 
in the production of wine vinegar were adapted 
to the acetification ®f the English product from 
beer or ale. The methods of brewing used by 
the brewer and the vinegar maker then began to 
diverge, and the differences are now well marked, 
being based upon the different qualities desired 
in the alcoholic product. 

Preparation of the Wort . — In preparing the 
fermented alcoholic liquid from malt, or malt 
and grain, either a mash-tun process or a con- 
version process is employed. The mash-tun is 
essentially the same as theifirewer’s mash-tun, 
( vith the exception that it has both rakes and 
sparge and is provided with a steam coil below 
tne perforated faise bottom. 

The chief aim of the vinegar maker is to 
obtain as high a yield of alcohol as possible, 
and he therefore uses a malt of fainy high 
diastatio capacity, and makes the mash at 
such temperatures as will yield a wort which 
will attenuate well. In some works the first 
mash is made with water at about 66®, trhioh 
gives a temperature of a little ovct 60 ° in the 
mash tun. After raking for an hour or two, the 
wort is drawn off, and a second mash made 
the* same temperature, and finally the ’ 
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m ipMged with water at a^iit 65®-71®. In 
(ther vin^^ breweii^Ss the initial mash is made 
rtth water at about 64°, and the temperature 
;iwdually raised to 66°. A second mash is 
aade at about 65°, and the final sparging at 
I6°-71°. This method endures a better yield 
if a mcjfe fermentable wort;. It is a common 
ffactioe to use raw grain, such as barley, flaked 
aaize, or flaked rice in admixture with Wie malt, 
he diastase oi the latter being sufficient to 
lydrolyse theVhdle of the starch present. 

If crude rice be used a preliminary treatment, 
uch as cooking with steam under pressure, is 
lecessary to rupture the starch granules. 

In other vinegar works the starch of the 
ereals used is hydrolysed by a dilute mineral 
,cid instead of by the diastase of malt. For this 
)urpose the grain, usually mai/.e or rice, is 
aixed with dilute (about 3 p.c.) sulphuric acid 
n a closed iron vessel and heated for several 
lours by steam under pressure, until a sample 
»f the liquid is free from unconverted starch. 
The contents of the converter, which now con- 
ist largely of an acid solution of dextrose, are 
leutralised with lime and chalk, and then drawn 
iff, cooled, and fermented in the sainc way as 
he wort frdln the mash tun. 

From 6 to 7 tons of grain can be treated 
n a converter of cxerage size, and the whole of 
he starch present will be •hydrolysed within 
1 hours when heated with steam under a pressure 
if about 10 lbs. 

Although most of the calcium sulphate 
eparates riom the liquid, sufficient will remain 
n solution to afford an indication that the 
inegar was probably prepared by a conversion 
irocess. 

Fermeniation of the Wort. — The wort obtained 
ly one of the above described processes is cooled 
n a refrigerator, and pitched with yeast as in 
I brewery, with the difference that a much higher 
emperature is permissible than in the case of 
leer. In fact, with some yeasts it is advisabl • 
o have a temperature a-t high as 21°-24° to 
heck the growth and obtain better attenua- 
ion. If malt with good diastatic power has 
leen used, and the wort has been prepared 
tt a low temperature, there is usually no 
liffioulty in attenuating a wort from a sp.gr. 
if 1*066 to about I'OOl, In certain cases 
dgorous aeration of the fermenting wort is also 
equired to effect this purpose. Alter fermenta- 
ion, which will be complete on the third day, 
he gyU or wash^ as it is now termed, is allowed 
0 stand for a few days for the yeast^to subside, 
ind is then pumped into store vats until required I 
or the further jfermentation process. •' 

Acetification of 0ie O^e, — The seoondai^ or , 
kcetic fermentation of the alcoholic liquia isij 
iffected by the action of one of the species of 
Ksetio bacteria, mentioned abo#e, which under 
egidated conditions of temperature and aeration 
lindise the alcohol first to aldehyde and then to 
oetic acid, the relative proportions of the three 
nbstanoes present in the liquid at any given 
tige of the process depending largely upon 
he conditions of the fermentation. In addi- 
ion to aldehyde and acetic acid, acetal 
5Hj*OH{OCgH8), is also formed through the 
nlei^aorion of the aldehyd# with the alcohol, 
ind traces of ethyl acetate and other esters, 
nooinio itoid and other $cids, are prodoffed^ 
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their|nature and quantity depending upon the 
nature of the substances (sugars, dextrins, &0.I 
in the gyle. Brown (J. Cbeift. Soo. ISA'* 

172) showed that B. acylinus (‘ the T 
plan^ ’) had the power of transforming lee 
into cellulose. 

Theoretically 46 parts of alcohol should yield 
60 parts of aoeti(facid, but in practice th^ is 
always a loss of aU least 10 p.c., and in many 
factories very much more. This loss is due 
partly to volatilisation of aldehyde and esters, 
and partly to the fact that acetic bacteria are 
able to decompostf the acetic acid which they 
have produced, and if Ihe aeration of an acetifier 
is irregular the production and decomposition 
of acid may proceed simultaneously in different 
parts of the apparatus. 

Bhould* insufficient air be supplied to an 
acetifier, the bacteria (in this country usually 
Brown’s B. rylinus) form themselves into the 
zooglocal condition, which is a tough gelatinous 
pellicle which sooner or later chokes the eoeti- ^ 
tying medium and arrests the process. On the 
other hand, excess of air promotes loss by 
volatilisation and oxidation. The second cssen* 
tial is a suitable temperature for the action of 
the })acteria. On the Continent the aoetifiers 
work best at a temperature of about 86° F ,, 
whereas in England the optimum tempCKture 
is 108° to 110° F,, which may be partly due to 
acclimatisation of the bacteria. Sunlight checks 
the acetification process, and hence the. early 
vinegar makers took pains to exclude all daylight 
from their apparatus, but under the present 
conditions of working this is unnecessary, for 
the amount of light which can find its way 
through the aeration holes of the large aoetifiers 
now in use is practically negligible. • • 

The methods of acetifioation first used In 
tliis country were essentially the same as those 
used in the earlier methods of making wine 
vinegar {vide supra), the casks being placed on 
their sides in a room at about 24°, or placed in 
rows in a ‘ vinegar field.’ The bung holes of 
the casks were left open ; at each end near the 
top holes were Iteft for the circulation of the 
air. Each day a portion of the liquid was 
removed from a full cask and replaced by an . 
equal quantity of liquid in a more advanced ' 
stage of fermentation, until, after about three 
months, the process was complete. This 
method of acetification, which was known a» 

‘ fielding,’ has been obsolete for many years. 

Quick vinegar process {Schndlessigomihng), 
The introduction of the so-called * quick ’ pro- 
cess of making vinegar is attributed to Schiitzen* 
bach, although in its main essentials it is only a 
development of the method of acetification used 
in certain wine-vinegar factories in France in 
1670 {vide supra). The main features intro- 
duced by Schutzenbach were the use of a laarger 
vessel, and of mechanical means for the repealed 
distribution of the gyle over the acetifying 
medium. 

The aoetifiers introduced into British vinegar 
woi ks about sixty years ago, at the time when 
‘«toves,’ as the p-oetifying rooms were called, re- 
pl^d the vinegar fields, were lArg^ats taking a 
charge of about<6000 gallons. A ufut two-thirds 
of ^he .way up was a perfoitted bottom 
upeA whichiMeoh shavings St twigs were loosely 
packed, and u^ these t3|#%ac4bria develope^: 
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while air omrente were admitted throij^h a The working If acetifiers is liable to be dis- 
number of holes bored in the side of the vat turbed by the development of vinegar eels 
jijst^elow the fal^ bottom, and escaped through ( Lefiodcra oxophila), although t^ese oanse less 
sm'a* holes in the top of the vat. trouble in , this country ^an on the Con- 

Tke gyle was distributed in a fine shbwer tinent, where acetification is effected at a lower 
over rhe shavings, by means of a revolving temperature. Another enemy of the acetifica- 
sparge, and tricKling downwards encountered tion process is the ‘ vinegar mite,’ which, if 
the currents of air, which enabled the bactl^ria allowed to develop, will eventually the 


to acetify a small amount of the alcohol. The 
liquirl from the bottom of the vat was then 
pumped up again, to be once more distributed 
over the shavings, and so on continually for 
two or ’three weeks until wie^rly the whole of 
the alcohol had been transformed intq, acetic 
acid. The drawback of shavings as a medium 
was that they soon became clogged with mother- 
of'Vinogar in places, so that the air was no 
longer evenly distributed tliroug*iiout the 
medium, but made channels in various places. 

For this reason, in many factories shavings 
were replaced by basket work in anporposed 
layers, and those worked much more regularly, 
and could be more easily cleaned. In other 
works porous lumps of charcoal, which had been 
washed, first with acid and then with water, 
were used as the acetifying medium, and pro- 
moted tlie acetification by *the absorjition of 
oxyg^ 

J ri^Vagenmann’s ‘ graduator,’ which was 
devised about 1830, a pp''rforated shelf was fixed 
about 5 inches from the top of the vat, and 
through each of the 400 holes cotton or hemp 
wick was suspended to guide the liquid down- 
wards on to the shavings. 

In this apparatus was foreshadowed the 
idea utilised m Luck’s acetifier, in ^hich the 
shavings were replaced by lymohes of cords 
streA’hed between the distributing tray and the 
false bottom. Thif. type of acetifier works 
regularly and is easily cleaned. 

Another type of acetifier, patented by 
Leaker, is made up of a scrie.s of rectangular 
oompartments containing shelves of absorbent 
woven material which act as the acetifying 
medium, whilst a fan is employed to draw the 
evaporated products into a condensing coil. 

In Singer’s acetifier several rectangular 
compartments are superpo.sed, and each of them 
contains a series of wooden tubes packed with 
shavings or charcoal, and the wash is acetified 
as it trickles successively through these tubes 
from the top to the bottom of the apparatus. 

Bersoh’s apparatus is also rectangular in 
form, and is packed with a series of frames 
filled with slats oi<wood with a space of about 
J inch between each slat. These frames are 
superposed, with the slats running in alternate 
directions, and the wash is acetified as it trickles 
down through the successive layers of frames. 
It is claimed that this acetifier gives a theoretical 
yield of acetic acid, owing to fts perfect system 
of aeration, but in the ■writer’s experience, this is 
not the case under Eujglish methods of ocotifica- 
tion, the best yield o obtained being 0-96 p.c. of 
acetic acid from 0’97 p.c. of alcohol in 24 hours 
(J. Inst. Brewing, 1917, 23, 362). 

Other modifications of the acetifier makp 
use of a siphon ^thin a tank*ftf distributing 
the wash ov» a perforated traj^ whilst the air 
required in the srphon tank is dra-wn from the 
•pace at the top eft the aoetifier, Sko that^^he 
aeration of the tlppaii|W:;us remaiift under control. 


process, t- 

Tlie iLse of pure cultivations qf specific acetic 
bacteria has been shown to increivse the speed 
of acetification and improve the flavour of the 
vinegar, but so far no attempt has been made 
to make use of them in this country, where in- 
siilfioient importance is at/tached to tne fla'four of 
vinegar (Hennebcrg, Zeit fiir Hpiritusind. 1898, 
180, and Cent. Bakb. 1905. 14, 681 ; Rothenbach, 
Woch. fur Bran, 15, 445, and I)eut. Essiggind. 
1905,9,217, and Woch. fur Brau. 1906, 23, 260 ; 
Mayer, Zeit. fur Spiritusind. 21, 334 ; Buchner 
and daunt, Annalen, li)0l), 349, 140). 

Tha Group iSi/deni. — Acetic bacteria are 
sensitive to the action both of alcohol and of 
acetic acid, being killed by alcohol of 10 p.c. 
strength, and weakened by alcohol of much 
lower strength. I’heir greatest vital actipty is 
attained when the wash reaches ^an acidity 
of between 2 and 3 p.c, of acetio acid, and their 
acetifying power becomes less as the proportion 
of acid rises. It is possible, however, to acclima- 
I tise them to resist the action of more alcohol 
and acetic acid than under normal conditions, 
and on this fact is based the group system of 
acetification. 

Since a 12 p.o. vinegar could not be obtained 
directly from one acetifier, the acetification of 
such concentrated products as Essigsprit {vide 
supra) is effected in three groups of acetifiers. 
The first group is charged with a wash which 
will yield a vinegar of about 6 p.c. strength, and 
this is fortified with an alcoholic wash (usually 
grain or potato spirit) in sufficient quantity to 
yield a vinegar containing 9 to 10 p.c. of acetic 
acid in the second group of acetifiers ; and the 
vinegar from these is again fortified before being 
transferred to the third group of acetifiers for 
the completion of the acetification. 

Filtration and S^rage of Vinegar. — As soon 
as the vinegar has reached its maximum acidity 
it is at once pumped into store vats, for it ie 
essential that it should not be left in the acetifiers, 
where the bacteria would oxidise the acetic acid 
{vide supra). 

In some works the vinegar is clarified by the 
addition of potassium ferrooyanide. It has been 
shown by Trlarden that there is a possibility 

hydfocyanlc acid being liberated in the 
presence of excess of the p^oipitant (L. G. B. 
(^Report' on Vinegar, 1908, p. *7). 

After remaining in the store vats for as long 
a time as possibk, preferably not less than three 
months, the crude vinegar is filtered. The filters 
used in most vinegar works are known as rapes f 
owing to the fact that raisin stalks were at one 
time — and to a limited extent are still — used as 
part of the filtering medium. Filter beds com- 
posed of layers of sand, shingle, and beech chips 
are used for the rapes in other factories, whilst 
in others again the rapes have been entirely 
! superseded by filters containing paper pulp as 
* the filtering mediunl. 

i «After being filtered the ‘ bright ’ vinegar Is 





E^ain stored to develop an a|3ma ilirongh the 
oombination of acetio acid with traces of 
residual alcohol, and is then diluted to the 
strength re^uu^d by the trade. 

These different strengths, technically known 
M ‘ trade numbers,’ are termed Noa. 16, 18, 20, 
22, and 24. It is sometimes asserted that these 
numbers denote the number of grains of sodium 
carbonate neutralised by I oz. of th^ vinegar, 
but both the tradition of the industry and con- 
temporary evidence show that they indicated J 
the price in* pence per gallon at which the" 
vinegar was sold (Penny Magazine, 1842, p. 430 ; 
Tomlinson’s Cyclopadia of Useful Arts, 1864, 
p. 7 ; iSoo. Chom. Ind. 191H. 148 R). 

The trade numbers would thus originally bo 
analogous to the term ‘ six ale,’ meaning ‘ six- 
shilling ale.’ 

Before being sent out to the trade vinegar 
is frequently coloured to a dark shade by the 
addition of caramel. 

Didilled Vinegar . — In the early method of 
preparing anymalic or iwJical imegar {lidc 
nu'pra)y vinegar was distilled in a retort at 
the ordinary pressure, but in the modern process 
the distillation is effected at a lower temperature 
under redimed pressure, and can thus bo carried 
very muclrfurther without risk of burning the 
solid residue, and flavouring the distillate. 

The small stdls comui^nly used for this 
purpose are made of gunmotal lined with tin, 
and ore heated by a steam jacket. The outlet 
pipe from the still is connected with a tin coil 
immersed in a vessel of running water, and 
delivers into a receiver m wliich is a pipe con- 
nected with a vacuum pump. The still takes 
a charge of about 100 gallons, which is distilled 
under a reduced pressure of about 20 inches until 
only a semi-solid mass resemblmg trcaclo 
remains in the still. 

The distillate is sold under the names of 
didilled rnalt vinegar, while vinegar and (incor- 
i'ccll\ ) white wine vinegar. 

In addition to wme and malt, vinegar is pie- 
pared from many other substances, (hder 
vinegar is of a yellowish colour, sp.gr. 1’013 to 
1'016. It contains to 6 p.c. acetio acid, and 
on evaporation loaves a mucilaginous residue, 
smellmg and tasting of baked apples, and con- 
taining malic but not tartaric acid. The residue 
vanes from 1 '6 to 1 '8 p.c. Genuine cider vinegar 
is distinguished from spurious cider vmegar by 
the residue, which consists of glycerol, albuminous 
matters, gums, malic and other organic acids 
and mineral matters. They have no rotation 
and little cupric reducing power after the usual 
clarification with basic lead acetate ^olutioi^ 
Acetylmethyl carbinol is a characteristic con- 
stituent of cider tinegar. The ash of a^ure 
cider vinegar amounts to not Icst^, than 0'26 p.c.* 
consisting mainly of potassium oxide, with 
small quantities of alumina, lime, magnesia, 
sulphate, and phosphate, variable amounts of 
ooTDonate, and complete absence of soda. 
Spurious cider vinegars leave a molasses-like 
residue and an ash with a large porcontago 
■of lime or soda (Doolittle and Hess. Hee 
also Smith, J. Amer. Ohem. Soc. 1898, 20, 3 ; 
Leach and^Lythgoe, l.c. 1904, 26, 376 ; Van 
Slyke, New York Agric. Exp. Stn. Bull. 1904, 
m 439 ; Ladd, N. Dakota Exp. Stn. Bull. 
•32, 278). Cider vinegar made by the ’ q)|ick ’ 


prooAs contains on the average (f*7 p.o. of acetic 
acidjiand 0*4 p.c. of alcohol. The total solids, 
ash and glycerol are substantially the same ea 
in the cider from which the vinegar waagpre- ’ 
par^ (Tolman and Goodnow, J. Ind. Eng. (Sem. 
1913, 6, 928). Perry and crab -apple vinegft are 
used in Wales and Monmouthshire, and possess 
chofactcristio prij^ierties. 

Glucose or sugar vinegar is p^epa^ed by 
tho conversion of •amylaceous substances into 
sugar, by the action of dilute acids, followed by 
fermentation and acetification. It contains 
dextrose, dextrin, and very often gypsum, with 
hardly any proteii!^. The ash is composed 
mainly* of potassium bb^b, is rich in sulphates, 
and in the case of cane-sugar vinegars, readily 
fusible (Allen’s Comm. Org. Anal. 1909, 498). 
It is stated to be used for adulterating wine 
vinegar. It can be distinguished from other 
vinegars by the addition of 3 or 4 volumes strong 
alcohol, which produces a slimy precipitate of 
dextrin . Barium chloride usually gives a copious 
preeipiiato, duo to tlie sulphuric acid used in the « 
manufacture of the glucose. 

Vinegar is now made from skim milk by 
addition of sugar, neutralisation with chalk, 
pitching lirst witn yeast and then with Mycodertaa 
aceli (Baibier, Fr. Pat. 334071, 1903). 

Vale vinegar is made by the oon^iaf»tive 
alcoholic and acetic fermentations. Compitred 
with malt vinegar, it i^low in phosphoric acid 
and nitrogen. 

Wood ‘ vinegar,' as its name indicates, is 
nothing more than dilute acetic acid coloured 
with caramel, and sometimes flavoured with 
brewed vinegar or with acetio ester. It con- 
taiiLs abcRit 0-2 to 0'6 p.o. of total solids, 0*02 to 
0-04 jic. of ash,* and traces of ph(|iphofio^aoid 
and nitrogen. • 

Propel! KK . — Malt vinegftr is a brown liquid 
of a eharaiibu’istic odour duo to the presence, in 
addition i(> the acetio acid, of acetio and other 
eaters. Acetio ester is sometimes added in 
small quantity to increase this aroma. 

The addition of 1 part sulphuric acid to 
1000 parts vme^xr was permitted by an Excise 
Act of George HI. of 1818, but this Act has long 
been repealed. Such addition is quite un« 
iK5ces8ary, and is probably never made at the 
present time. 

Malt vmegar usually contains alcohol, dextrin, 
sugar, and extractive matter, acetates, chlorides, 
and sulphates, and on evaporation and ignition 
leaves a residue containing much phosphate. 

Analysis of typical -vmegars sold as * malt 
vinegar ’ are given in the talle at top of p. 22. 

Of those samples Nos. I. and II. show the 
normal figures for barley malt vinegar. No. 
111. was said to contain products of cereals other , 
than barley, whilst No. IV. was made from a 
mixture of rice and green malt, the former being 
responsible for the low phosphoric acid, and the 
latter for the high nitrogen. Np. V. contains 
abnormally low solid matter, and No. VI, was 
made by the conversion process. 

Wine vinegar varies in colour from pole 
yellow to red ; that made from white wine is 
^ost esteemed; it usually has an alooholio 
odour. Its sp.gr. is 1‘014 to 1*01# ; it contains 
ftom 6 to 12 jf c. acetic aoid.^ A litre (1*76 pint) 
of ^Orlean^ vinegar usually saturates 6 or 7 
gAms (92 to 1()8 grain^of gure dry sodittin 
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carbonate. On evaporation the total , extract 
varies from 1-7 to 2*4 fj.c., of which 0-25 p.c. is 
usually potassium tartrate, a salt peculiar to 
wine vinegar. The residue, with the exception 
of the tartar, should dissolve in alcohbl. 

The proof vinegars of various countries differ 
considerably ; the minimum of acetic acid 
allowed by the various Pharmacopo ias is — 
France, 8 to 9 p.c. ; (Jermany and Austria, 
6 p.c. ; Belgium, 5-6 p.c . ; Russia, 5 p.c. ; United 
States, 4*6 p.c. Vinegar is no longer official in 
the British Pharmacopeia. The bulk of the 
vinegar sold in this country is of a strength just 
over 4 p.c. A standard 'was fixed oy the 
Soc^gj^of Public Analysts in 1870 of a minimum 
of 9 p"e., and this being accepted by the trade, 
became in practice the legal standard. In 1912 
the Local Government Board recommended the 
adoption of a 4 p.c. standard, but no statutory 
force has been given to this recommendation. 

Analysis of Vinegar. 

Acidity . — This is usually estimated, by titra 
tion-whh standard alkali, witl\. phenolphthalein 
as kioicatcf;. In the case of dark samples 
caramel may be , precipitated * by means of 
fuller’s earth and an aliquot part of the filtrate 
titrated. ‘ Spotting ’ tests with litmus as 
indicator give results about 1 p.c. lower in terms 
of A/2 alkali solution than direct titration with 
phenoljihthalein as indicator (Brode and Lange, 
Arb. Kaiaerl, Gesundheitsamte, 1909, 30, 1). 

Total solids . — A measured quantity is 
evaporated and the residue dried to constant 
weight at 100"’. Constant shaking during the 
evaporation is necessary to expel the acetic acid, 
and a final ^titration of the acidity of the residue 
is advisable. 

AVcalinity of the ash . — This may afford an 
indication of the probable origin of the vinegar, 
a glucose product, for instance, showing a low 
proportion of poi'issium oxide owing to the I 
mineral acid used for the hydrolysis having 
combined with port of the bases. Variations 
in the results given by different types of vinegar 
are seen in the following results ; — 
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Free mineral acids . — These are seldom, i 
ever, added to vinegar at the presenT time 
They may be detected by means of 0*1 p.c 
methyl violet solution, which is not affected bi 
acetic acid, but is changed to blue or green bj 
mineral acids (Hilger, Arch. Pharm. 1876, 193) 
A method of detecting and estimating fret 
sulphuric and other acids was based by Hehnoj 
on the fact that vinegars containing acetates oi 
tartrates cannot contain free mineral acid, anc 
since on igmting these salts they are decom 
posed into carbonates, an examination of the 
ash of the vmegar will afford an indication oi 
tlie presence of free add (Analyst, 1??77, 1, 106), 
A later method devised by RiebardSon and 
Bowen (J. Soc. Chom. Ind. 19(‘G, 25, 836) enables 
an estimate to bo made of the amount of sul 
phuric acid originally added to a vinegar. 

Combined sulphuiic acid. — Commercia 
samples usually contain from about 0*03 tc 
0*17 p.c. of sulphuric acid in the form of sul- 
phates, quantities in excess of the lower figure 
usually being duo to the vinegars having beer 
made by the conversion process. 

Added acetic acid . — No direct test for added 
acetic acid has boon devised, and an inference h 
usually drawn from the deviation of the figures 
from those normally given by a vinegar brewed 
from barley malt." Fincko’s test for formic 
acid, which is usually present in acetic acid 
{vide supra), is untrustworthy, since formic acid 
is also a normal constituent of grain and wine 
vinegars. 

Phosphoric acid . — The ash from 10 c.c. ol 
tjlie vinegar is disl^lved in dilute nitric acid, 
and treated with a large excess of molybdic 
reagent. The yellow precipitate is washed twice 
by decantation with cold water, dissolved in 
ammonia solution, and the solution evaporated. 
The weight of the residue multiplied by 28-6 
gives the amount of phosphoric acid P2O5. 

Nitrogen^ is conveniently estimated by 
Kjeldahf^s method in 10 to 26 c.c. of the vinegar. 
For comparing the results both of phorohoric 
acid and nitrogen in virfogors of different 
*btrength Helmer’s method of expressing them is 
terms of ‘ original solids ’ is a convenient, though 
empirical, methdia (Analyst, 1891, 16, 92 : 

1893, 18, 246). 

Optical Standard for Mall Vinsgeur . — The 
U.S.A. Dept. Agnc. (Circular No. 19, 1906) stated 
that vinegar made from barley malt or cereal was 
dextrorotatory, but Chapman (Antdyst, 1912, 
37, 123) showed that the proteins and theii 
hydrolytic products may cause vinegar to 
show a Revo-rotation. 

Cafcmri , — ^Added caramel may frequent^ 
be precipitated by the addition of xuller^i ear^ 
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the test ie not always satlilaotory, siaoe^the 
amount remoTed varies with’ the oWaoter of 
the earth (Dubois, J. Amer. Chem. Soo. 1907, 
29, 75). A method of precipitation with tannin 
is recommended by Liohthardt (J. Ind. £ng. 
Chem. 1910, 2, 389), but has the drawback that 
proteins and iron are also precipitated by tannin. 
Amthor has based a method of detecting caramel 
on its precipitation by paraldehyde (Zeitsch. 
anal. Chem. 24, 30). • 

MetaUio Impurities . — ^The chief metallic 
impurities to* be looked for in vinegar ore iron, 
copper, lead, and tin. The presence of iron 
may be detected by adding potassium fcrro- 
oyanide directly to the vinegar. For the detec- 
tion 01 traces of the other metals the methods 
(suitably modified) described under Akrated 
Waters may be used, whilst arsenic may be 
detected and estimated by the official method 
of the Conjoint Committee of the Soc. Chem. 
Ind. and Soo. Public Analysts (Analyst, 1902, 
27, 48). 

Formic acid in distilled vinegar or spirit 
vinegar may be estimated by the method 
recommended by Ost and Klein (Chem. Zeit. 
1908, 32, 815). The acid is neutralised with 
alkali and titrated with permanganate. OUicr 
Bubstancetf*which reduce permanganal-e must be 
absent, which renders the method inapplicable 
to ordinary malt ^nd grain vinegars. 

Oxalic acid may be climated by concen- 
trating the vinegar and then boiling with calcium 
acetate solution. 

Potassium hydrogen tartrate Is estimated by 
titration against A/2 alkali, and tartaric acid by 
conversion to potassium hydrogen tartrate and 
subsequent titration (Zeitsch. anal. Chem. 1908, 
47, 57). 

(For the estimation of methyl alcohol in 
vinegar, see Ann . Chim, anal. 1901, 0, 127 and 
171.) 

Cayenne pepper, ginger, and other flavouring 
mattere may be discovered by neutralising and 
tasting the vinegar, 

C'nevalUer has found fuohsine in French wine 
Tinegars, C. A. M. 

Metallic Acetates. 

Aluminium acetates. 

The triacetate or normal acetate AlalCjHaOale 
is not known. A solution correspontlmg to this 
compound, but which appears to be a mixture of 
the macetate and acotie acid, is the only acetate 
of commercial importance. It is Imown as ‘ red 
li(j[Uor ’ or ‘ mordant rouge,’ and is largely used 
in dyeing and calico-printing, especially lor the 
proflu(?t-ion of red colours, madder r^ds and pinks 
(whence its name of red liquor) ; for tlRj produt- 
tion of dense lakosf and for waterproofing woollen 
fabrics. It is prepared by several methocll. • 

A solution of alum is added to acetate of 
lime l^uor. The lime is pvcipitated as sul- 
phate, its place being taken by the aluminium, 
with the formation of aluminium acetate ; 
ammonium or potassium nulphate (according to 
whether ammonium or potassium alum has been 
used) is produced at the same time. The 
mixture is agitated and allowed to settle, and 
a small quantity of the clear fluid removed and 
tested by Ae addition of alum ; if a precipitate 
forms sufficient alum 1^ not been used and 
mom must be added. The solution is filtered. 


oot^ntrated to a i|>eoifio gravity of Klfi? to 
1 TOfand allowed to wposit any calcium sonata 
still present. Calcium sulphate, being sightly 
soluble in water, is oontauieA in the liqi^ in 
Wall quantity, and diminishes the brilliwy of 
the^colours produced. By the substitu^n of 
lead acetate for the calcium acetate albetter 
product is obtained. For this purpose 100 lbs. 
alim are dissolved in 50 gallons water, and 
treated with 100 Ibi. finely-powdered lead acetate 
with constant stirring ; or, using the same 
quantities, 10 lbs. crystallised sodium carbonate 
are added before the acetate of lead ; or, to 
100 lbs. alum in ^OSigalloiis water 6 lbs. of oar- 
bonatei are added in %iimll portions, followed by 
50 lbs. of lead acetate. The addition of the 
carbonate is made with a view to the production 
of a basic aluminium sulphate in addition to 
the acet ^to, and as the sulphate assists * the 
mordanting, less acetate is required. The 
solutions arc allowed to settle and decanted. 
They contain the aluminium acetate mixed with 
basic aluminium sulphate and alkaline sulphate.^ 

An aluminium sulpho-acetate appears to act 
satisfactorily. It is prepared by mixing (1) 
453 lbs. ammonium alum (or 383 Ids. aluminium 
sulphati*), 379 lbs. lead acetate, 1132 lbs. water; 
or (2)- 453 lbs. alum (or 333 lbs. aluminium sul- 
phate) and 158 lbs. acetate of lime. Thjunix- 
ture is agitated, settled, and the clear uquid 
decanted. • 

By the use of aluminium sulphate, red liquor 
of the same density contains much more of the 
active alumina than that prepared with alum. 
Thus in a sample of the former 1 gallon con- 
tained 4 oz. 416 grs. alumina, whilst the average 
amount Jfound in three samples prepared from 
alum was 3 oz. ^ grs. The addition o^a little 
ammonia or other alkali to the r^ liquof pre- 
pared from atuminium Bul|9iate is advantageoue 
for certain colours. Red liquor usually cont ains 
from 3 to 5 p.c. alumina (AljO,) and 6 to 10 p.o. 
acetic acid; its density varies from 1*085 to 
1120. 

The importance of the formation of the gela- 
tinous basic aluminium acetate Al(0'COCH,)OH 
in protecting al*aiiiinium plant from the action 
of acetic acid has been mentioned above. 

Ammonium acetate C,H 30 gNH 4 . 

The crystalline salt is usually prepared by 
saturating glacial acetic acid with dry ammonia 
gas. In solution it may be prepared more 
cheaply by neutralising acetic acid solution with 
ammonia. On evaporation, a solution of the 
salt loses ammonia, and leaves the acid acetate 
or diacetate. • 

Ordinary solid ammonium acetate always has 
an odour of acetic acid ; it is very solunle in 
water and alcohol. 

Pure ammonium acetate should be entinriv* 
volatilised on heating. The commercial Mut 
usually contains the same impurities as sodinin 
acetate. 

The oflicial ammonium acetate solution of 
the B.P. is prepared by neutralisii]^ 33 p.c. 
acetic acid with ammonium carbonate and 
diluting the liquid to a sp.gr. of 1‘016. When 
treated with an equal volume of a saturated 
Solution of^^drogen sulphide h should not 
darken in emour (lunit of heavy Petals). 

Caleittm acstate, DiacMe of Pyro* 

liAiiii. of mne. 
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' This importaat salt is prepared by nevtral- 
idjag acetic acid, or pyroligneous acid, witb\iime 
or wtalk. 

the preparation from pyroligneous acid, 
the It'ude acid may be used, in which case the 
acetate of lime is known as broum acetate ; on the 
distiubd liquor may be employed, producing grey 
acetate. The acid is placed in large wooden or 
iron pans, and powdered chalk lime added in 
slight excess ; the liquor reipams at rest at a 
warm temperature until clear, and is then 
siphoned off into the evaporating pans. It is 
generally evaporated by moans oi coils of pipe 
through which steam passqs in this case the 
vessels are usually wooden^ and Imed witj^ lead, 
but sometimes iron panA are used, the evapoia- 
tiou being conducted over a fire. The tarry 
impurities which rise to the surface as the 
liquid evaporates are removed with a* skimmer. 
As the acetate forms, it is withdrawn and 
drained m wicker baskets suspended over the 
pans. 

Th^ proper drying of the salt is noce8.sary 
*to the formation of a good product. In large 
works a drymg house is used, which is usually 
a wind furnace 7 or 8 foot long, 4^ feet broad. 
It is first heated from 75° to 115°, and the fire 
slackened ; the salt is then spread over the 
bottom to the depth of about 2 inches, and when 
somcfl^t dry an equal quantity is spread above 
it, the salt is repeatedl^L turned, and the fu at 
continued for about 24 Tours. When the pro- 
duct appears to be dry, the heat is increased 
to about 125°, and the last traces of moisture 
driven off. Caro must be taken that the lieat 
18 not too high, or the salt becomes decomposed. 
As in the case of sodium acetate, no sparks 
must touch the moss, or it may^ burn away like 
tindei)^ c 

The product, when prepared frbm the hiown 
liquor, is dark-coloured and contains char- 
coal and decomposed tarry matters ; it may bo 
dissolved in 3 parts hot water, filtered through 
animal charcoal, and again evaporated and 
crystallised, yielding a nearly colourless product. 

Pure calcium acetate crystallises m silky 
needles or prisms containing two molecules of 
water. At the ordinary temperature the crystals 
effloresce, and at 100° become anhydrous, 
forming a white powder of saline taste, very 
soluble in water. 

Calcium acetate is used in tlio preparation of 
other acetates, auid of acetic acid, and in calico- 
printing. The pure salt is completely soluble in 
water and proof spirit. The commercial article 
usually contains 62 ^^to 07 p.c. of real acetate, 
and 1 to 8 p.c. of matters insoluble in water. 
The impurities are hydroxide, carbonate, and 
Btilphate of calcium and tarry matters ; formate 
and other salts of calcium with fatty acids also 
ocouri 

Many methods of assay for this substance 
are in use, varying considerably in accuracy. 

The most trustworthy method is to distil 
with pure phosphoric acid and titrate the distil- 
» late as alrwy described under acetic acid {see 
Stillwell, J. Soo. Chem. Ind. 1904, 305 ; (Iros- 
venor, iUd. 630 ; Gladding, J. Ind. Eng. Chem. 
1909, 250). The aoerio acid msy also be 
expelled by Vaporation with formic acid, 
(Heenuann, Chem. 2^it. 1915, 39, f24). 

Catetum Cceto-ehlonfide CaC|H,0«ClfirH,0 ha| i 


already been desewbed as used in Condv’s process 
for the preparatioia of pure acetic acid. 

Copper aeetates. 

The normal copper acetate ii^ {prepared by 
dissolving cupric oxide or verdigris in acetic 
acid ; or by the action of copper sulphate on the 
acetates of lead, calciun^ or barium. 

It crystallises in prisms ; soluble in 13 parts 
cold or 6 parts hot water, and in 14 parts 
alcohol. Cn commerce it usually occurs in 
bunches of deep-green coloured opaque crystals 
known as ‘grappes,’ 

Copper acetate is used in the manufacture 
of pigments ; as an oxidising agent in the indigo 
val ; and, formerly, for the preparation of 
acetic acid. ^ 

Basic copper acetate. Verdujns, Vert-de-gm. 

I at de Montpellier* Uiunt>pan, 

This substance consists of a mixture of mono-, 
di-, and tri-basic acetates of copper, which are 
present in different proportions in different 
varieties of verdigris. 

At Grenoble and Montpellier the following 
process is used : The ‘ marcs ’ or residues from 
the wine factories, consisting of the skins and 
stems of grajM's, are loosely placed in earthen 
ves.sels, alamt 16 inehes high, 14 inches in 
dianieterat the w idest part, and 12 inriies at the 
mouth, covered and allowed to ferment, until 
on inserting a piece of copper (previously 
moistened with verdigris and ined), it becomes 
uniformly coated green in 24 hours. The 
fermentation should not proceed too far, or 
decomposition nray ensue. 

The copper used is in sheets inch thick, 4 
to 6 inches long, and 3 to 4 broad, each weighing 
about 4 oz. ; they are freed from scales, if neces- 
sary, rubbed with a solution of verdigris and 
dried ; unless this precaution be adopted, the 
first coating produced by the marcs will be 
black in.stoad of green. 3'hcy are heated over a 
charcoal fire until as hot as the hand can bear, 
and placed in an earthonware vessel in layers 
with the marcs. 30 to 40 lbs. of copper arc 
used for each vessel. In from ten to twenty 
days, according to the temperature, tlio covers 
are removed, when, if the proecss has pro- 
gressed favourably, the marcs will be w'hitisb 
and the copper covtred with fine, glossy, green 
crystals. The plates are then removed and 
placed on end one against another. After two 
or three days they are moistened by immersion 
in water or damaged wine, and again placed on 
end for about a week. This alternate moisten* 
ing and exposure to the air is continued for 
about six or eight weeks. The plates thus be- 
come coverefii with increasing coatings of the 
vwdigris, ♦ which is detached and the plates are 
again used until entirely ea/en aw^ay. The 
v|srdigriB is kneaded with a little water into 
leather bags, pressed into rectangular cakes and 
dried. • 

This substance is known as blue verdigris^ 
and consists principally of the basic acetate 

It should bo (Try, of a fine bluish colour, and 
[Soluble in dilute acids and ammonia, 
r Oreen verdigris contains as a principal oonsti- 
i tuent the sesquibasic acetate, Cu 0 ’ 2 Cu(CgH 50 j|) 2 , 
and is prepared by placing the copper plates 
alternately with cloths moistened every two or 
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three day« with pyrolignjpous a|pid or acetic iJbid 
until the plates wow grlen orystals. The plates 
are arranged so as to allow free aeoess of air and 
occasionally nssiatened, for five or six weeks. 
Large quantities of verdigris are manufactured in 
England by this process from pyroligneous acid. 
The imports of verdigris are very small. 

In Abresh’s process (Fr. Pat. 391603, 1908) 
minerals containing the oxide or carbonate of 
copper are decomposed with 15 p.c. atolic acid 
solution, the excess of acid neutralised or dis- 
tilled, alkali -added to precipitate iron alumi- 
nium, calcium, &c., the liquid filtered and 
concentrated, and the copper acetate separated 
by crystallisation. 

The various forms of verdigris are used as 
oil and water colours. With white lead it is 
used in Russia and Holland as an od paint, 
which by double decomposition pioducea a 
peculiar green. The paint is considered a good 
preservative. Verdigris is used m dyemg and 
calico-printing, and for the preparation of 
ychweinfurth green and other copper paints. 

Verdigris is frequently adulterated with chalk, 
sand, clay, pumice, and sulphates of copper, 
barium, and calcium. When brass sheets have 
been used in tbe preparation mstcad of copper, 
zinc W'ill aliiO be present. 

Whoa warmed with ddute hydrochloric acid 
the sand, clay, bi^yta, &c.. will romaiii undis- 
sclved, and may be weightMC Tbe total residue 
in a good sample will usually amount to 3 p.c., 
but should not exceed 0 p.c. 

Aeeto-arsenite of copper, Sohwemjurth green 
(v. Aksenic). 

Ferric acetate Fe2{C2H3()2)<,. This salt is 
prepared by the addition of calcium or lead 
acetate to ferric sulphate or iron alum, avoiding 
excess of the acetate. It is used as a mordant, 
its action corresponding with that of aluminium 
acetate. An alcoholic solution is used in 
medicine, but is no longer an official drug in 
tbe U.P. 

For many purposes a mixture of ferrous and 
feriio acetates is preferred. It is prepared by 
repeatedly pouring jiyroligneous acid on iron 
turnings until saturated with iron. 1’he liquid 
is known as ‘ pyroligmte of iron,’ ‘ bouillon noir,’ 

‘ liqueur de ferraillo,’ 

Ferrous acetate Fe(G.2H80a)a. Pyrdignite of 
iron ; iron liquor or black liquor. Is prepared 
on the large scale by the action of crude pyrolig- 
neoiw acid of sp.gr. 1 035 to 1-040 on iron 
turnings, nails, &c., at a temperature oi 65®. 
The solution is frequently agitated and the 
tarry matters skimmed from the su4ace as they 
rise. ^ 

It is found that the purified acid produces £ 
less satisfactory li^or, a fact due, acoordiim to 
Moyret (J. Soc. Dyers, i. 117), to the present o# 
dC small quantity of pyrocatechol m the crude 
acid, which forms a compound with the forro- 
soferrio oxide in the solution, and causes its 
intense colour and keeping properties. 

The liquid is intensely black, of sp.gr. 1*085 
to 1-090, and is evaporated until its density rises 
to 1*120, or sometimes to 1’140. It is then 
ready for use, and is known as * printer’s iron 
liquor.’ Tl^ liquor of density 1-120 contains 
about 10 p.c; iron. 

The density of the liqiior used by dyers is 
frequently raised by the addition of copperas 


. 

(feit^s sulphate) ; thus, the addition to 1 gaUon ^ 
of bnlck liquor, sp.gr. 1*085, of ^ lb. copperas,’ 
would raise its density to 1111. Tannin ^80 is ' 
sometimes added. « * m 

Black liquor is also prepared by the aoti^ of 
ferrdbs sulphate on acetate of lime ,* the liquor 
produced has an averse density of I'll, and 
alw|ys contains calcium sulphate. By the < 
action of lead acetate on ferrous carbonate, 
carbonate of lead and ferrous acetate are pro< 
duced. 

Black liquor absorbs oxygen from the sir, 
forming ferric acetate, whion is always present 
m the liquid. T5 diminish this action clean 
metallia iron is frequAit^ added. 

It is largely used in calico-printing and in 
dyeing, in the preparation of blue, violet, black, 
brown, and other colours, and for producing a 
black colour on hats, furs, leather, wood, &c. 

Lead acetate. Norinal or di-acetate of lead, 
Su^ar of lead. Sd de Saiurne. Bleizucker, 

Pb(C2H30.2)2. i 

For tbe preparation of white acetaie of lead, « 
leaden ve8.sel8 are used, or copper pans, on the 
bottom of each of which a piece of metallic lead 
is 8old(‘rod to produce a jjalvanic action and 
])revent the copper from bemg acted upon. In 
the vessel acetic acid of 45 p.c. or less is placed, 
and to 100 parts of 45 p.c., or a proportmjjjate 
([uantity of a weaker acid, 86-5 parts of litharge 
arc added in small qiMntities, with constant 
Htirring, until the liquid is nearly neutral ; it is 
then heated to boiling and impurities skimmed 
from tlie surface, transferred to another vessel, 
evaporated to a density of 1*6, and removed to 
tbe crystallising pans, which are usually of 
wood, iinsd with lead or copper, 4 feet by 2 feet, 
and 6 or 8 iucho»high. The coarsely crystalline 
mass thus obt{^ned is drained on wobden ricks, 
and broken into lumps for the market. 

A coarser variety, known as brown acetate, is 
prepared by substituting distilled pyroligneous 
acid for the purer acid. The muddy liquid pro- 
duced is loft to settle in a large tun, and the* 
supernatant liquid transferred to a large iron pan 
and heated to boiling. It is again allowoa to 
settle, transferred to another pan, evaporated 
until erystallibation commences, when about 3 
volumes of water added, causing the remaining 
impurities to rise to the surface. The liquid is 
skimmed and diluted if the liquid is not suffi- 
ciently clear, and again evaporated until a small 
portion crystallkses when removed and cooled. 

It is then ladled into pans and allowed to 
crystallise. 

As a rule, about 3 parts afttate are produced 
from 2 parts litharge. 

By another method granulated lead, white 
lead residues, &o., are placed in vessels standing 
obliquely one above another ; the upper vessel is 
filled with strong acetic acid, which after the 
expiration of half an hour is allowed to run into 
the second vessel. Every half-hour it is re- 
moved to a lower one. After the acid has been 
removed, tbe lead absorbs oxygen rapidly, and 
becomes heated. On leaving the last Vessel, 
the acid is again passed through the series, dis- 
solving the aoe^te which has been formed, and 
is evaporated* and crystallised. # 

• Schmidt (Dug. Pat. 7192. 18^) describes a 
process foi^ preparing the. neutral #nd basic 
aerates of metals such as mad and copper by 
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/liko letioo id dilute aioe^ acid and 0 ]rogeii|U|) 0 ]i 
" tfete metal ooutained in closed iron cymd^. 

J^ore lead acetate is a white oiystallme salt 
id weetish taste'and weak acid reaction, con* 
I w U aflig 3 molecules of water. 100 parts of water 
dissq^o 64-38 parts at 25°, 87-77 parts at*36°, 
and 154 *26 parte at 46°. At 280° it melts, and 
when heated more strongly it forms a basic /-^alt 
and suddenly solidiOos. ^ ^ 

Lead acetate is largely used in dyeing and 
calico-printing ; for the preparation of alum 
mordants, &o. ; in the manufacture of chrome 
yellow and other pigments, and in medicine. 

Lead forms two well-dslibed basic acetates 
—the dibasic acetate Pb( 02 H 8 O 2 )aPbt), 2 HaO 
(Wittstein, Annalen, 65, 253), formed by dis- 
solving litharge in the normal acetate in cal- 
culated proportions; and the tribasic acetate 
Pb(CjHjOa)a2PbO-aq, prepared by boiling the 
normal acetate with excess of litharge for some 
time. Lead acetate and eolutiona of subacctate 
of 1^ are ofiicial drugs of the B.P. The 
I solutions are termed Goiucird water and Liquor 
plumbi suhacelatis. 

In 1911 the annual production of white 
acetate in Germany was estimated at 2600 metric 
tons, about half of which was c^orted, mainly 
to Great Britain (Badormann, kitsch, anuew. 

1211 ). ® 
sub-acetate CHa-COaPb may be obtained 
by the action of acetic «anhydride on lead sub- 
oxide at 196°. It is a bluisli-grey substance, 
soluble in alcohol (Denham, Chein. Soc, Trans. 
1919, 109). 

fllagnesluni acetate. A basic acetate of mag- 
nesium, prepared by warming the normal 
acetate with magnesia, is stated to be a«.powerful 
antiseptic, disinfectant, and ^ deodoriser (W. 
Kubfel, Beif 16, 684-686). A syrupy solution 
of the salt oontaiaing suspended magnesium 
hydroxide is found in commerce under the name 
of ‘ Sinodor.’ 

Potassium acetate CjHaOaK occui-s in the sap 
of many plants, and of trees. 

Its mode of preparation is similar to that of 
sodium acetate. It is a deliquescent c^stalliue 
solid, soluble in 0-53 part ice-cold water, and in 
hot water forms a solution winch, boiling at 
169°, contains 88 p.c, of the salt. 

When chlorine gas is passed through a solu 
tion of potassium acetate, carbon dioxide is 
evolved and a powerful, unstable, bleaching fluid 
is produced. 

Pot^ium acetate may contam the same 
impurities as the sodium salt. The di- and tri- 
aoetates are prepaAsd like those of sodium. 

Sodium acetate C,Hj,OjNa is formed (1) by 
the action of dilute acetic acid on sodium carbo- 
itete, the solution being evaporated and crystal- 
hsed ; (2) by neutralisation of pyroligneous acid 
with soda, and evaporation and fusion of the salt 
to remove tarry matters ; (3) by the addition of 
Glauber’s salt to solution of acetate of lime or 
of lead. The solution is decanted and filtered 
from the precipitated calcium or lead sulphate, 
evaporated and 6rystallised, and the crystals 
dissolved and reorystallised. Methods (2) and 
(8) Sire used on the manufaoturii^ scale. < 

Sodium ^^tate forms mon^huio crystals, 
ixmtaiimpig 3 flioleoales of water f has a strong 


pletely.at W and lose thsir water of cmta&ina 
tion at 100®. By solution of this salt in ordinar 
strong acetic acid and rapid evaporation the di 
acetate of soda is formed ; when glacial acid i 
used the triacetate is produced. 

Sodium acetate is used for the preparation o 
acetic acid and in medicine, but is not oflficial ii 
the B.P. ; for the preservation of meat am 
other foods instead of salt. The saturate< 
solution 18 occasionally used for filling carriagf 
foot- warmers. 

The commercial acetate is liable to oontau 
sulphates, chlorides and carbonates, and me 
tallic salts. Tarry matters are frequently pre 
sent from the pyroligneous acid used Jn it 
manufacture. Acetate of lime, and sulphatf 
and carbonate of potassium are occasionalh 
added as adulterants. 

For the estimation of acetic acid in com 
mercial acetates the method of Stillwell anc 
Gladding in a modified form is used {v. uupra). 

Titanium acetate. A double acetate oj 
titanium lias been patented by Kunheira (Ger 
Pat. 248251, 1911). It is prepared by adding 
excess of an alkali solution to a strong solutior 
of a salt of trivalent titanium, and crystallising 
the double salt in a vessel from which air if 
excluded. f 

Anhydrous metallic acetates may be obtained 
by the action of acetic aiili^drido on nitrates 
containing water tf crystallisation. The re- 
action is accelerated eataJytically by acids 
and also apparently by water, as anhydrous 
nitrates do not react so readily (Spath, Monatsh. 
1912, 33, 235). ^ 


ta«te; !■ Mfiible in 2*8 parte cold watu 
Utd ia 0*6 boilmg walw. The orvatal 


I melt cKm. 


Alkyj. Acetates. Acetic esters. 

Acetic acid forms numerous acetates with 
organic radicals. Some of these occur in the oils 
from various seeds. 

/^yl acetates OsHulCaHaOs). 

The following isomorio amyl acetates are 
known ; — 

1. Normal amyl acetate, boiling at 147-6° 
(Gartenmeister) ; at 148-4° (737 mm.) (Liebcn 
and Rossi). 

2. isoamyl acetate. 

3. Methyl prop}# carbinyl acetate, boiling at 
133‘-135° (Wurtz) ; at 134°-137° (Schorlemmor). 

4. Methyl wopi-opyl carbinyl acetate, boiling 

at 126° (Wurtz). > S 

6. Diethyl carbinyl acetate, boiling at 132° 
(741 mm.) (Wagner and Saytzeff). 

6. Tertiary amyl acetate, boiling at 124° 
(760 mm.) (|’lavitzky). 

Of these, only the second is of technical 
mtorest. 

iso Amy I acetate, generally known as amyl 
^ct(ite'(CHg)gCH'CH 2 CHgO’CgHgO, is a colour- 
less liquid with an odour resembling that of 
jargonelle pear8.<# Sp.gr. 0-8762 15°/4^ (Mende- 
leelf), 0-8562 22°/4° (Bruhl), b.p. 138-6°-139° at 
768*6 (Sehiff). ' ' ^ 

It may be prepared by distilling a mixture of 
1 part amyl alcohol, 1 part strong sulphuric 
acid, and 2 parte dried potassium acetate ; or by 
warming a mixture of 1 part attiyl alcohol, 1 
part acetic acid and 0*6 part strong sulphuiio 
acid on the water- bath and pouring^W solution 
when odd into ezo#as of water, Tlio umwr 
layer of purified amyl acetate is separated, shak^ 





«ri& 4 itooiig lolutiicMi of ii|)diaDi oorb^te, 
ogaM arofti!ftted» dried over oaloium ohldride* 
and redistilled. 

It may be tprepared oommeroiallj from fusel 
oil, hydrochloric acid, and calcium acetate 
(Wilson, Eng. Pat.), and by the interaction of 
ohloropentane with sodium acetate, in the | 
presence of strong acetic acid. To preTent the ; 
formation of amylene the sodium acetate should | 
be in a porous,' bulky condition* (Kaufler, I 
Eng. Pat. 2779, 1913). The commercial amyl ! 
acetate contains some of the other mmeridea. 

It is insoluble in water, but dissolves in all 
proportions in ether, amyl ^cohol, and ordinary 
alcohol. The latter solution is largely used 
under the name of Jargonelle year essence for 
flavouring confectionery. 

Camphor, tannin, resins, &c., dissolve readily 
in amyl acetate. A solution of gun-cotton 
therein is used as a varnish, for lacquering 
metals, &c., and in the form of a stiff jelly, 
mixed with opaque substances such as china 
clay, as a substitute for celluloid. 

It is also used in the manufacture of photo- 
graphic films and in some smokeless powders. 

It bos been recommended for use for the 
production of a standard flame m photometry 
(J. Soc. Clem. Ind. 1885, 202). 

The Hefner standard lamp bums amyl 
acetate as an illp^iinant. 

Ethyl acetate. Acetic mer CjH6{C2HjOa) is 
a fragrant limpid liquid of sp.gr. 0*92464 0®/4°. 
b.p. 77*16® (Wade and Merriman) ; sp.gr. 
0*92446 0®/4®, b.p. 77*17® at 700 mm. (Young 
and Forty). 

For the preparation of acetic ether 3*6 pts. 
by weight of commercial absolute alcohol are 
mixed with 9 pts. sulphuric acid with constant 
stirring. After standing twenty-four hours the 
mixture is poured on 6 pts. of fused sodium 
acetate (in small lumps), allowed to stand for 
twelve hours and distilled. The product is 
rectified over calcium chloride and potassium 
carbonate and redistilled. 

I ’lark recommend# the following process : 
283 c.c. (10 oz.)of rectified alcohol (sp.gr. 0*838) 
are placed in a flask, and 283 c.c. of sulphuric 
acid (B.P.) are added with constant stirring. 
The liquid should be cooled externally as far as 
possible, allowed to stand till the temperature 
has sunk to 16®, and 351 grams (12f oz.) of dried 
sodium acetate added gradually, with constant 
stirring and cooling. The liquid is distilled 
until 400 o.c. (14 oz.) have passed over ; this is 
digested for t^ee days with 2 oz. freshly dried 
potassium carbonate and filtered. ^ The filtrate 
18 distilled on the water- bath until all^but 1 oz. 
has passed over. On the lar^e scale dri^ 
sodium acetate iiay be substituted for the 
potassium carbonate with advantage (v. fftrthtr 
W. I. Clark, Pharm. J. [31 1883, 777). 

Ethyl acetate may be prepared by the 
action m an aluminium alkyl oxide on acetalde' 
hyde in the presence of aluminium chloride, 
i^ch has preferably been added during the 
ineparation of the alkyl oxide from aluminium 
•mi alcohol ; or the melted alcoholate may be 
dissolved in anhydrous camphor, alum, Ao., to 
ind^ease ^ catalytic action (Consortium f. 
EkktsoQbm. Ind., Ger, Pat, 28^12, 1914; 
Emg. Pat. 4887, 1816). • 

In tha process of Farbwerke Tonn. Meitter, 


Litobf and Bcmiiag (Sng. Pat. IM, " 
aoftimehyde it treaied with a filtemd sciMiii4 
of aluminium tthoxida in an oiga^ eedye^ 
Buoh as xylene or solTent naptha at a 

yield of about 86 p.o. of the theoretical anmont 
of Ithyl acetate oeing claimed (c/. Seqqdereni 
and Aoouleuo, Compt. rend, 1911, 152,1^1* 
K|0enacker and Haberuiann, J. pr. Chenu 
1911 fii.l 83, 641^ 

Ethyl acetate «s soluble in 8 parts of water 
at 0°, and somewhat leas soluble in water at 
15®. On the other hand, I port water dissolyes 
26 parts of the acetate at 0® and 24 parte 
at 16®. • r 

Commercial acetiC ether usually contains less 
than 75 p.c. of ethyFacetate, we rest being 
acetic acid, alcohol, water, ether, &c. It occurs, 
together with other organic acetates, in Vinegar 
and wineS. 

Methyl acetate CH8(C,HsOt) is a colourless 
fragrant liquid of sp.gr. 0*9398 16®/16®, boilU^ 
at 67*5® (760 mm.) (Perkin). It occurs in wood* 
spirit, and in crude wood-vinegar. n 

Methyl acetate is best prepared by distilling 
a mixture of 1 part methyl alcohol, 1 part potas- 
sium acetate, and 2 parts sulphuric acid. The 
product is dried over calcium onloride and quick- 
lime “and redistilled. It is soluble in water, 
alcohol, and ether. ^ ^ 

A solvent for resins, fats, cellulose, zutrate, 
&c., which consists latgely of methyl acetate, 
may be prepared by distUling pyroligneous 
acid until a tenth of its volume has passed over, 
then adding a mineral acid, and oontinuing the 
distillation until a third of the residue has 
distilled. The united distillates ore then 
rectified* (Heilbronner and Criquebeuf, Fr. Pat. 
464646, 1913). • 

ACETIC i^YDRIDE (CHjCOt.O is fflrmed 

smoothly ana quantitatively by heating acetyl 
chloride with a metallic acetete. It is not, 
however, necessary to make a separate pre- 
paration of the acetyl chloride and almost any 
reaction which yields acetyl chloride will yieB 
acotio ai^ydride if an excess of metallic acetate 
be employed. The method originally employed 
by Gerhardt (Ann. Chim. Phys. 1863, [3] 37 
286) consisted in treatmg an excess of anhydrous 
potassium or sodium acetate with a chloride or 
oxychloride of phosphorus.- Later, Geuther 
(Annalen, 1862, 123, 114) showed that the 
reaction occurs according to the equation 


4CH,COONa-l-POCl, 

=2(CH8C0)»0-f3NaCl-fNaP0, 


This method is a satisfactery one, but sinoe 
acetic anhydride has become an article of com- 
mercial interest, it has been found desirable to 
substitute a cheaper reagent for the phosphorus 
compound. In nearly all the oommeroiaUy 
practicable processes an anhydrous ohlorhle or 
oxychloride of sulphur is employed. ‘ 

Sulphur chloriaea. The use of the chloridef 
of sulphur instead of those of phosphorus hus 
been known for a very long time (Hemtz, Jahr. 
1856, 569), but these liquids are unpleaeant to . 
handle, and their action is not easy to conti?ol 
The action of gulphur monochloride on the alkali 
salts of organic acids has be^ studied by 
Oenham and» Woodhouse (Cheti. Soo. Tranp. 
1909,. 12^, and 1913, 1861), srlg) used m 
ha&iiferonr solvent to dilute the reageni 4 q4 
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control ite local action. By treating dry sodium 
acetate with sulphur monoohlonde SuClf, in 
presence of a neutral solvent, Denham obtained 
an ia^rmediate compound (CHjCOOlgSj, which 
breaks up on heating, according to the equation 
2(CB|C00)3Sa=-2(CH,C0)s0 + S02+3S. Den- 
ham’s reaction, however, does not provide for 
the maximum technical utjjlusation of |ho 
reagents, since the sulphur dioxide, as an inor- 
ganic anhydride, should be •capable of taking 
part in the reaction and should not be allowed 
* to escape unused. 

Kessler (Fr. Pat. 316938,^1901), in making 
use of the action of sulphur otiloride on anhydrous 
sodium acetate, claims Uial by distilling off the 
acetic anhydride at a low temperature under 
reduced pressure, the production of sulphur 
dioxide is avoided. Whether this is t|ie case or 
not, it is nevertheless certain that the distilla- 
tion of the acetic anhydride under reduced 
pressure constitutes a definite technical advan- 
tage when steam-heated vessels are used, and 
#thi8 procedure has remained standard practice 
in all subsequent methods. 

H. Dreyfus (Eng. Pat. 100450, 1910) has 
clearly set forth the principles which govern the 
technical manufacture of acetic anhydride by 
the action of sulphur chloride on diy sodium 
acetaifi, in order to avoid the production of 
sulphur dioxide and of chloroacetic acids by 
substitution, (a) The rffagents arc used in the 
proportion of 6 atoms of chlorine to 8 of 
sodium ; (6) the reaction is allowed to take 
place in presence of a diluting agent, m order 
to avoid any local excess of sulphur chloride and 
overheating, for which purpose acetic anhydride 
is most conveniently employed ; (c) th» sulphur 
chlorkle is run slowly into the weW- cooled mixture 
of Boaium awtate and acetic anhylride and the 
temperature is not allowed to rise above 15® (b 
until all the sulphur chloi-ide lias liecn added. 
.For example : a mixture of 720 kilos of dry 
pulverised sodium acetate and 600 kilos of 
acetic anhydride is cooled below 0® C., and 
306 kilos of sulphur dichloride is gjadually 
introduced, the temperature being mamtained 
at about 0° and the mixture contmually stirred, 
Stirring is contmued for some time after all the 
sulphur dichloride has been added and the 
anhydride is subsequently distilled off, pre- 
ferably in vacuo. The equations representing 
this reaction for sulphur raonochloride and 
dichloride respectively may be writtem ; 
8CH,COONa-f3SaCla 

=4(CH8C0)a0+6NaCl-f-Na2S04-f5S 

80HaCOONa-f3SCfa 

=4(CH3C0)a0+6NaCl-l-Na,S04-+-2S 


Thus there is a loss of sulphur which is 
obviously mimmised by employing a sulphur 
chloride as rich as possible in chlorine. This 
waste of sulphur may be avoided altogether 
according to the process of the Akt. Qes. fiir 
Anilinfah (Ger. Pat. 273101 ; J. Soc. Chem. Ind. 
1914, 667) by passing chlorine gas into a mixture 
^of sodium acetate and sulphur cliloride at a 
temperature not exceeding 20® C., thus : 


8CH,C00Na4-SCla+201a 

V^(CHaOO)aO+6]SrfCl+Na,SO^ 

The abovenis a valiant of Goldschnudt’s pro- 
COM (Eng. Pat. 25433, 1908), in whienthe whole 

* a* * 


of flie sulphur clfloride is generated in situ by 
the action of 6 atoms of clilorine on 1 atom of 
sulphur at a low temperature in presence of 
8-9 mols. of sodium acetate. Thte sulphur may 
be replaced by a metallic compound containing 
sulphur, e.g. ferrous sulphide (1st addition to 
Fr, Pat. 408066), and, according to a later 
addition to the same patent (Deo. 29, 1910), 
the interne cooling is not necessary and the 
reaction may be conducted at temperatures 
up to 40°-60® C^. A similar process is patented 
by de Jahn (Eng. Pat, 5039, 1910), in which 
several oxidisablo compounds of sulphur may 
be used, but it is obvious that these must be 
anhydrous. « 

Oxi/chloiides of Sulphur . — Thionyl chloride 
reacts with dry sodium acetate giving acetic 
anhydride and sulphur dioxide (O. Wyss, Bull. 
Soc. Jnd. Mul. 1902, 198). Denham and Wood- 
house (Chem. tSoc. Trans. 1913, 103, 1861) have 
also studied this reaction, which, however, is not 
of industrial interest. Sulphuryl chloride, on the 
other hand, either as such or in the nascent 
state, is of considerable importance, 'since it is 
easily prepared and can be utilised to full 
advantage according to the equation 
4CH3C00Na+S03Cl2 - 

- 2 (CH 3 C 0 ) 20 + 2 NaCl+Nft 2 S 04 

The Farbenfab. vorm, F* Bayer und Co. 
(Eng. Fat. 21560, 19o0) treat dry sodium acetate 
with a mixture of gaseous chlorine and sulphur 
dioxide at about 20® C. in a closed vessel ; to 
avoid chiormation it is important that the 
sulphur dioxide be always present in slight excess. 
According to Farbw. vorm. Meister, Lucius and 
Bruning (Ger. Pat. 210805, 1907), sulphur 
dioxide forms a solid addition product with 
sodium acetate, which is readily decomposed 
by chlorine with the production of acetyl 
chloride or acetic anhydride, according to the 
proportions of sodium acetate used ; the 
reaction may bo controlled by mixing the solid 
addition compound with an anhydrous inorganic 
salt or with sand. 3’he‘Badische Co. prepare 
liquid sulphuryl chloride by mixing the two 
liquefied gases in a special vessel in presence 
of a catalyst such as camphor or glacial acetic 
acid (Eng. Pat. 2425^ 1902). Glacial acetic acid 
and aitetio anhydride, being excellent solvents 
for sulphur dioxide gas, are capable of acting as 
catalysers for its combination with chlorine 
gas, and tho reaction proceeds quite smoothly 
without the formation of chloroacetic acids 
provided the temperature be kept within 
moderate liijjits and local excess of chlorine be 
avoided. , Thus in the process of the Akt. Gee. 
fftr Anilin fabr., according to Ger. Pat 226218, 
1909. sulphuryl chloride is pApared by passing 
# mixture of sulphur dioxide and chlorine in 
equivalent proportions into acetio anhydride 
and separating product by fractional dis* 
tillation ; the yield is nearly quantitative. It 
is, however, by no means necessary to isolate the 
sulphuryl cliloride as such, and the same com- 
pany, according to Eng. Pat. 23924, 1010, 
employ acetio anhydride both as an absorbing 
agent for the' gases and as a diluting agent for 
the subsequent reaction with sodiim acetate. 
For instance, 256 parts of sulphur moxide and 
284 parts of ehlorino' by weight are absorbed 
in 100 of acetio anhydride and this solution it 
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mixed, while cooling, with 3l2 parts of sodium 
acetate; the mixture is stirred and when the 
reaction is complete, the anhydride is distilled off. 

The above summary of methods based on 
the use of chloro and oxyohloro compounds of 
sulphur covers the majority of the industrial 
processes successfully practised at the present 
time. They may all be classed together in one 
group, in that they may be conceived to yield 
acetyl chloride as an intermediate product, and 
their mechanism depends on the intervention 
of the chlorine ion. To another group belong 
processes based on the decomposition of sodium 
acetate with a strong mineral anhydride, such as 
sulphffric anhydride. Before passing to this 
second group certain methods of the first group 
must be mentioned, depending on the use of 
sulphuric anhj^dride in conjunction with chlorine 
as a possible intermediary. 

Ohlorosulphonic acid SO3HCI can react 
with sodium acetate to produce acetyl chloride 
or acetic anhydride, but only under disadvan- 
tageous conditions owing to the presence of the 
hydracid wliieh liberates acetic acid. The 
Badische Co. (Eng, Pat. 24255, 1902) proposed 
to avoid this difficulty by the use of sodium 
chlorosulphionato, obtained by the action of 
chlorosulphonio acid on sodium chloride : 1 50 
parts of sodium chlorosulphonate are heated 
Muth 170 parts of^odiura aietate at 70° C,, and 
the anhydride produced is distilled off. The 
equation may be written 


NaS 03 Cl+ 2 CH 8 C 00 Na 

^(CTl 3 C 0 )s, 0 -fNaCl+Na 2 S 04 

If half the quantity of sodium acetate be used* 
acetyl cjilorido is jirodiicod. A similar process 
in a simplified form has been devised by H. 
Dreyfus (Eng. I'at. 17920, 1915), who uses a 
compound formed by the direct absorption of 
sulphuric anhydride by sodium chloride. In 
these reactions, the sodium chloride most 
probably does not serve merely as a vehicle for 
the absorption of the sulphuric anhydride, but 
may be assumed to ])lay a part in the reaction 
tlirough the intermediate formation of pyro- 
sulphuryl chloride ClSOa'O SOaCl, thus ; 


3NaJS08Cl=S,05Cl2-fNaaS04+NaCl 

SaO.Cla+eCHaOOONa 

= 3(CH sCO) jO + 2Na 2S04+2NaCl 


Pyrosulphuryl clilori.de is formed together with 
carbonyl chloride by the action of sulphuric 
anhyi-ide on carbon tetrachloride. Both pro- 
ducts are capable of reacting with sodium acetate 
to produce acetic anhydride, and Beatty (Eng. 
Pat. 18823, 1912) has proposed to uftlise thU 
reaction, but the process hardly appears suitable 
for commercial application. • • 

Methods of the second group depending on 
the direct action of inorganic anhydrides without 
the intervention of chlorine have been far less 
widely developed, because secondary reactions 
which destroy the acetic anhydride ve^ readily 
occur. A method for the direct application of 
snlphutiC anhydride was patented by the 
Eabriek van Chem. Prod, of Schiedam, Holland 
(Eng. Pat8^12130 and 12042, 1913), and further 
desmbed by. Van Peski (Chem. Soc. Abst. 1914, 
i. 663), in which use is #nade of an addition 
compound of glacial acetic acid with sulphuric 
anhydride and its reaction with sodium a #tate. 


The^cthod is attended by certain technical 
drawbacks, the operations nave to be carried 
out at a very low temperature, and it is impo^blo 
to prepare acetic anhydride of high irordKgth 
owipg to the use of acetic acid as a v^icle, . 
According to a process patented by H. Dj^^us 
(E^. Pat. 17920, 1915) sulphuric anhydride is 
abrorbed by sodium sulphate to form a solid 
addition compoun(^ which appears to be different 
from ordinary sodium pyrosulphate : 800 kilos ‘ 
of sulphuric anhydride are added with constant 
stirring to 1600 kilos of powdered anhydrous * 
sodium sulphate^ ^nd the product, when 
thoroughly cooled, is added to 1640 kilos of 
sodium acetate suspended in 1600 kilos of 
acetic anhydride, the mixture being constantly 
stirred and cooled with water. The reaction 
is completed by heating at 60°-70° C. 

The above account sufficiently summarises 
the principal processes which are of industrial 
importance. There are several others of poten- 
tial interest and some only of academic import- 
ance. An excellent review of the subject is* 
contained in a paper by Hewitt and Lumsderi 
(J. Soc. Chem. Ind. 1916, 210). Among the 
proposed dehydrating agents of minor import- 
ance jnay be mentioned : Silicon tetrafluoride, 
which may be regenerated by heating the residue 
wilh sand and sulphuric acid (Sommer, Fi.^at. 
354742, 1905) ; Nitric anhydride (Muller, 

Fr. Pnt. 46896.3, 1914) ; p-Tolueneaulphoohlo- 
ride, a by-product of the manufacture of saccharin 
(von Heydcn, Cer. I’at. 123052, 1901). 

Recent research has been directed to the 
synthetic preparation of acetic anhydride from 
a(!ctylene and acetaldehyde, for instance, accord- 
ing to Fr. Pats. -^0346 and 442738, by the action 
of chlorine or chlorous anhydride. AgL intereeting 
method is bas^l'^d on the liydration of acetylene 
to aldehyde in presence of a mercuric salt at 
the expense of the dehydration of acetic aoid 
(Boiteau, Fr. Pats. 474828 and 476853), with 
production of ethylidene diacetate, which yields 
acetic anhydride and acetaldehyde on distillation 
(Eng. P^ts. 23190, 1914; 110906, 1917; and 
112765, 1917). • 

The chemical engineering of the manufacture 
of acetic anhydride presents no unusual problems. 
Ample cooling power must be provided to take 
up the considerable amount of heat moduoed 
during the mixing of the reagents. Powerful 
and effective stirring gear is necessary both 
in the mixing and the distilling plants to 
deal with the masses of semi-solia and finally 
solid materials which result^rom the reaction, 
Access of moist air is the principal source of 
loss, since I part of water wul destroy 6*7 parts 
of anhydride. 

C!rude acetic anhydride is purified and freed 
from mineral acids and sulphur compounds by 
redistillation under reduced pressure in presence 
of sodium acetate and a metallic oxide, e.g, 
copper oxide, which yields an insoluble sulphid^, 
Commercially pure acetic anhydride contaim 
80 95 p.c. of anhydride, the remainder being 
a* otic acid. A richer product for laboratory 
^purposes may be prepared by fractional dis- 
tillation. • * 

• Physical '€k>n8tanls . — The prodMes of pure 
acetic anhydride have been* stuoied by Orton 
a«8 Jbnes^hem. Soc. Trihis. 1912,501, 1720). 
The pure compound boy|%at 439‘5° 0. at 760 
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Wm. pressure, and has sp.gr. 1 -0876 at Id*/!® C., 
and i -0820 at 2074® C. The commercial 
asim^tide oontaiifing a little acetic acid boils at 
Ahom 138® C. The specific heat is 0’434, and 
the ktent heat of vaporisation at 137° is ^^6-1 
Cak. per kilo (Berthelot). The heat of hydra- 
tion per grm.-mol. to form 2 mols. of acetic acid 
(liquid) w 13*1 Cals. The reftactive index *f or 
the ray B at 20° C. is 1-39038, and for the ray 
Hy is 1-39927 (Landolt). 

Chemical Properties . — Acetic anhydride is not 
immediately hydrolysed on shaking with cold 
water, and at low tempera^utes anhydride end 
water or aqueous acetic ucid may remain in 
contact with each othei*for a considerable time. 
At 20° C. and over the hydrolysis proceeds 
rapidly, and the temperature rises very con- 
siaerably. The hydration is accoler^ted by a 
trace oi sulphuric acid. According to Orton 
and Jones (i.c.), 100 grams of pure acetic anhy- 
dride dissolve about 2-7 grams of water at 15° C., 
^ but the solvent power is considerably increased 
by the presence of small quantities of acetic 
acid. Lumifere and Barbier (Bl. 1906, 35, 625) 
have studied the stability of solutions of acetic 
anhydride in water and alcohol at 15° and 0° C. ; 
100 parts of cold water dissolve 12 of acetic 
anhWride on shaking. 

when mixed with concentrated sulphuric 
acid at 0° C. acetic anh3kiride forms an addition 
compound,* aoetylsulphuric acid, which is a 
viscous syrupy liquid ; if the temperature is 
allowed to rise this changes to the isomeric 
sulphoacetic acid HSOaOH2‘C()Ofl, and brown 
condensation products arc also formed (Stillich, 
Ber. 1905, 1241). With concentrated rytric acid 
at a low temperature, acetic anhydride gives a 
comj^und C4HBNO7, which is described as 
diaoetylorthonitrio vid (Pie'et aiTd (leneqiiand, 
Ber. 1902, 2520), and with nitric anhydride it 
gives acetyl nitrate C2H3O2NO2 (Pictet and 
Khotinsky, Compt. rend. 1 907, 1 4 4". 2 1 0). These 
substances react generally with organic hydroxyl 
compounds as nitrating agents, more rarely as 
acetylating agents. Acetic anhydride dissolves 
boric anhydride slowly, boric acid rapidly, on 
heating, giving a mixed boric acetic anhydride 
B(00C‘CH3)8, m.p. 121° C. (Pictet and Geleznoff, 
Ber. 1903, 2219). This substance may be used 
for the preparation of neutral boric esters by 
warming with alcohols and phenols. With 
absolute formic acid at a temperature not 
exceeding 50° C., acetic anhydride combines to 
give formal acetic anhydride which distils with 
decomposition at#105°-120° C. This com- 
pound generally yields formic esters with 
alcohols and formyl derivatives with amines 
(B^hal, Bl. 1900, 24, 746; Eng. Pat. 12167, 
1899). 

Acetic anhydride is employed for the manu- 
facture of cellulose acetate, acetylsalicylic acid 
(aspirin), and diaoetylmorphine (heroin), also in 
the dyestulte and pharmaceutical industries ; it 
is largely employed in the laboratory for the 
qnan&tive c«timation of hydroxyl groups and 
for the preparation of acetyl derivatives of 
' bases. With aldehyde groups it reacts, foiwing , 
the diaoetate%of ortholdehydes •, 

R-OHO ->^‘C(PH)3 -> R'CfOOC-CHj), * 

widch are not very sAbla. ^ •# 

Ayt«fy«t*.--0%miii|ii|^al aoetto anhydride 


should be substantially free from snbhar and 
phosphorus compounds, chlorides and ohloro- 
acetic acids. Copper from the distillation plant 
and higher homologues, such as propionic and 
butyric acids, may be objectionable for phar- 
maceutical or analytical purposes ; these may 
be removed by careful fractionation. The 
valuation of purified acetic anhydride is in- 
formed lA simple titration of the total acimty 
as acetic acid and calculation of the excess of 
acidity in terms of acetic anhydride. About 
6 grams cf the sample is accurately weighed in a 
small weighing tube which is then dropped into 
100 c.c, of iV/l-8odium hydroxide. When the 
anhydride has completely disappeared^ the 
exce.ss of alkali is titrated back with iV/lO-acid 
in presence of phenolphthalein. If p is the 
weight of sample taken, and q its acidity as 
acetic acid, the weight of anhydride present is 
5-6641 (q—p). The success of this method 
depends entirely on the accuracy of the measuring 
vc.Hscls and the standardisation of the solutions. 
An error of 0-1 c.c. of A^/l-soda invohws an error 
of 0-7 p.c. in the anhydride result, and the 
greatest care must be exercised in the calibration 
of the burettes ; it is necessary also to apply a 
correction for the change in volume of eihejttormal 
solution at temperatures different from that at 
which it was standardised. ^The method of 
Menschutkin and Valilieff is b*sed on the forma- 
tion of acetanilide from aniline at a moderate 
temperature ; it does not give satisfactory 
results in its original form. For a rhumi of 
the various methods and an improved modifica- 
tion of the aniline method, .see Iladoliffe and 
Modofski, J. Soc. ('hem. Ind. 1917, 628. 
There is no simple and accurate methoii for the 
estimation of higher homologues in presence of 
large proportions of acetic acid ; besides the 
standard analytical text-books, the following 
references may bo consulted ; Muspratt, J. 
vSoc. Chem, Ind, 1900, 204 ; I^angheld and 
Zeileis, Ber. 1913, 1171 ; Crowell, J. Amer. 
Chem. Soc. 1918, 413. 

J. E. B. 

ACETINS. 'J’he acetins are the acetyl deriva- 
tives of glycerol, or glycei*ol acetates. Five of 
these are theoretically possible, two mono-, two 
di-, and one tri- derivative, according to the 
number and position of the hydroxyl groups 
attacked by the acetic acid. Only three of 
these compounds have been prepared so far, 
one in each class, and the positions which the 
acetyl groups take up in the mono- and di- deri- 
vatives does not appear to be experimentallv 

§ roved, though they are probably terminal. 

ommerdial acotin is a mmure of all three 
compounds with other produats. 

• l^e following method for the preparation of 
mono-, di-, and tri-acetin has been described by 
A. 0. Geitel (J. pii Chem. 1897, [ii] 66, 417): — 
200 grams of dry glycerol are heated with 
600 grams of glacial acetic acid for 8 hours, and 
the aoetio acid and water distilled of under re- 
duced pressure. A further quantity of 160 grams 
acid is then added, and the heating continued for 
16 hours, friacetin is ijolated fs^ the product 
by diluting with water and extracting witn eriier, 
and is a colourless liquid, dissolvii^n water to 
the extent of about 7 p.c. at 16®. fi has a sp.gr. 
Bld06 at 15® and distils without decomposition 
at 1 7f ®-172'60/40 mm. Diaeeiin k obtaiaed from 



the miiybiDg coliition fractionating (after 
oonowitrationT nnder a pressure of 40 mm*, when 
it oomes over Wween 176*-176*. It is a soluble 
Oolonriess liquid with sp.gr. 1*1769 at 16*. In 
order to isolate the monoacetin formed in the 
reaction the aqueous solution after removal of 
the tiiacetin is extracted for 8 hours with ether 
at 34®-36* in an extracting apparatus for liquids ; 
the later extracts are collected separate!^, diluted 
with an equal volume of water, and, after being 
extracted with hot benzene, arb concentratea. 
The monaoetin thus formed is a thick syrup of 
sp.gr. 1*2212 at 16*. By prolonging the ether 
extraction still further monacetyldiglycerol 
C,H5 ((JH)j* 0*C8H5(0 Ac)* 0H may be obtained ; 
it is a colourless liquid of sp.gr. 1*2323 at 16®. 
Diacetyldiglycide may also be separated from 
the monacetin by fractionation, and Iriacetyl- 
diglycerol is also formed. 

Commercial Acetln (‘ Acetine *) is prepared by 
heating in an oil-bath a mixture of 60 parts of 
glycerol and 82 parts of glacial acetic acid for 
12-16 hours at 120®, and gradually raising the 
temperature to 160® to expel the excess of acetic 
acid. The product is a thick liquid smelling of 
acetic acid and varying in colour from light 
yellow to dtrk brown, according to the purit}' 
of the glycerol used. 

'.I he value of tj^p product depends upon the 
extent to which combinatidfi has taken place, 
and this is determined by observing the spcciBo 
gravity and estimating the free and combined 
acetic acid# The density varies between 1*1608 
and 1*1896, being lowest when the free acetic 
acid is present in largest amount. I’he free 
and combined acetic acid arc determined as 
follows : i60 grams of ‘ acetin ’ arc diluted with 
water to 600 c.c. The free acid in 60 c.c. of this 
solution is determined by titration with normal 
caustic soda, using phcnolphthaleln as indicator. 
16 c.c. of normal caustic soda are added to 10 c.c. 
of the acetin solution, and the combined acetic 
acid liberated by hydrolysis by boiling for five 
minutes. The excess of caustic soda remaining 
is a measure of the total acid present ; and the 
amount of combined acid is found by subtract- 
ing from the amount of caustic soda used up in 
the hydrolysis the quantity accounted for by 
the free acid. The following table (Kopp and 
Grandmougin, Bull. Soc. Ind. Mulhouse, 1894, 
112) shows the results of ty^jical analyses^ — 


Ko. 

PeuBity 

Acid 

free 

Add 

combined 

Eemarks 



p.a 

p.c. 


2 

1*1774 

9*^ 

46*0 

A medium (yial 
ity sample 

2 

M896 

6*98 

66*7 

A good sample 

S 

1*1608 

23*0 

43*6 ^ 

‘Poor sample. 


Acetin is used as a solvent for basic colouring 
matters, such as Induline and Perkin’s violet. 
They are dissolved by being heated together for 
about two hours, cooling, and filtering through 
a Bilk filter. . Acetin is to be preferred to ethyl 
and methyl lartado acids as a solvent, as acetic 
acid leas injurious to thf fibres than tartaric 
acid. 

fiaiogwi derivfttives of the Acotins. 
ay-dlbroBio^-^MOtirlglyeorol {GH|Bt')<|CH*OAo 


[ is otilained by the prolonged action el kp 
drogen bromide on tnadetin, or by heating toe 
mixture to 100* in sealed tobes; it boi&^at 
180M36® (40 mm.) and has ’sp.gr. 1*6880 at®*. 
It h^ an agreeable aromatic odour, is slightly 
soluble in water, and readily soluble in aJ^hol 
andgether. It yields isopropyl alcohol on re* 
duotion. ^ . 

a-bromo-jBy-diacqJylglycerol CH,Br-CH(OAo). 
CHj'OAc is produced by the prolonged aotton of 
hydrogen bromide dissolved in acetic acid on 
triacetin at 0® in the dark. It boils at 160*— 166® 
(40 mm. ), and has s^.gr. 1*2906 at 16®, It yields 
•.sopropvlene glycol on»reduction. 

a7-d1chloro-3-acetylgl3^erol (CHjCllaCH'OAc 
prepared similarly to the bromino compound, 
boils at 116®-120* (40 mm.), and has sp.gr. 
11618 at 15®. 

a-ehloro-jSy-dlacetylglycerol OH^Cl’CHfOAc) 
CHs-OAc boils at 146*-160* (40 mm.), and has 
sp.gr. 1*1307 at 16®. 

ojS-dichloromonoacetin CHjCl*CHCl*CH,*OAc 
[ is prepared by the action of acetic anhydride 
I on chlorinated allyl alcohol, and has 8p.gr. 
1 1677 at 16®, but in all other respects is identical 
with the oy-dichloro- compound. 

a-lododlaceUn CH,I-CH(OAo)*CH,*OAo is 
obtained by the action of sodium iodide on the 
corresponding chloro* compound. It is anxin- 
stable oil having a sp.gr-j 1.4584 at 16®. 

J. A. P 

ACETNAPHTHALIDK DISULPHONIC ACID 

V» N APHTHA LEJJE. 

ACETOACETIC ACID CH,*C0*CH,*0O,H is 
a thick agid liquid miscible with water ha all 
proportions. It if prepared from its ethyl ester 
by leaving 4J parts of ester in oontaSfct withe2*l 
parts of potasu and 80 parjs of water for 24 
hours and acidifying with sulphuric acid. It is 
extracted from the solution with ether. 

It is very unstable and readily decomposes 
below 100® into acetone and carbon dioxide. It 
yields a violet colouration with ferric chloride 
and forms ill-charaoterised amorphous salts, 
BaAj,2HjO and (!^iA2,2H20, when treated with 
the corresponding carbonate. 

Acetoacetio acid appears in the urine of 
diabetic patients, and indicates defective oxida- 
tion. Its detection and estimation have been 
the subject of much controversy and investiga- 
tion. Arnold (Chem. Zentr. 1899, ii. 146) makes 
use of a colour reaction with acetophenone, which 
will show 1 part in 10,000, but is affected to 
some extent by the presence ofxioetone. Bieg^er 
(Chem. Soc. Abstr. 1903, ii. 112) employs the 
colour produced by the addition of sulphuric 
and iodic acids, which he states to be unaffected 
i by the presence of sugars, leucine, tyrosine, or 
acetone. Bondi (Chem. Zentr. 1906, i 707) 
recommends the use of a solution of iodine and 
the detection of acetoacetio acid by the cha- 
racteristic smell of the iodaoetone produced ; 
but Lindemann {ibid. 717) says that this smell 
is not characteristic of acetoacetio acid. May^ 
adds the urine to a very dilute solution of feirio 
chloride in bri^ when, in the presence of 
aohtoaoetio aom, a olaret-ied rin^is formed. 
When the red colour is only jus^ visible, the 
liquid may he assumed to ^fitain 0‘ftl p.c. of 
the'jicid. AT blank test performed after boiling 
the acid for fiveM minutes alsiuld <nive no colour 
(Chem. Zentr. 1906, i 406). * 
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Meflsinger’i process as modified by H^ppert 
(Analyse des Earns, 1898) estimates the total 
a^unt of acetone and acetoacetic acid present 
wira fair accuracy, and the acetone may be 
est^ated separately with considerable e»acti- 
tudo by the method of Tolin (J. Biol. Chem. 
1907, 3, 177), in which it is aspirated out oL the 
liquid into iodine and potash* and the resulting 
iodoform weighed. , 

Methyl acetoareiate CHa'CO'CHj'COjMe is 
prepared by heating together methyl acetate and 
sodium under a reflux condenser and subse- 
quently distilling in a stregrt of carbon dioxide. | 
It is acolourlesa liquid, easily miscible with water, 
which boils at 169°-170®and has a sp.cjr. 1*0917 
at 4® ; 1-0809 at 16®; and 1-0724 at 2r)®. It is 
decomposed on boiling with water into car}»on 
dioxide, acetone, and methyl alcOiiol. With 
ferric chloride it yields a deep red colouration. 

Ethyl ncdoacdnlp {accioacdic e,\1n) OHg-fJO* 
CHj-OOjEt and ('Hg-OfOH) : (UJ ’COgEt, was 
discovered byGeuther in 1863, and independently 
by Frankland and Duppa in 1865. It is a 
colourless, slightly syrupy licpiid, with a pleasant 
odour. It boils at 180-6^-181*27764 mm. 
(Bruhl); 180“- 180 *37754 *5 mm. (Sduff) ; 
71712*6 mm. and 100*2780* mm. (Kahlbauni). 

It has a specific gravity 1*0466 074® (Schiff) ; 

1 *(15^2 20®/4® (Schaum). The density gradually 
chafes on keeping (v. igifra), 1 

Ethyl acetoacetate is prepared by the action ' 
of sodium on ethyl acetate. The following 


AppUcatima in SyiUhems.^By meam c 
etliyl acetoacetate fatty acids, ketones, and man 
ring compounds may be prepai^d. 

Fatty acids may be obtained by dissolvio; 
sodium (1 atom) in absolute alcohol, addini 
ethyl acetoacetate (1 mol.) followed by ai 
alkyl halogen compound ( 1 mol. ). The resultini 
alkyl derivative is treated with strong alkalis 
when tlA? molecule is hydrolysed with formatioi 
of acetij acid and the desired alkyl acetic acid. 

CHg-CO-CHg-COgH CH3-C(ONa):CH-CO,E 

CH,*CO*CHR*COgEt CHg-COgH 

+ RCHg-COaH 

If the hydrolysis is brought about by diluli 
acids instead of concentrated alkalis, the 
molecule is differently divided, producing 
kot/oiies. " 

CHg-CO-CHR-COgEt 

CH3CO-CH2R + Eton -f. COj. 

Dialkyl acetic acids and ketones may be pro- 
duced by introducing a second alkyl radicle into 
the molecule by a similar process after the first 
has entered, but the two cannot be introduced 
together in one operation. 

Pyrazolones, of which the mos^ ipjportant 
indnstrialty is antipyrme., nre produced by the 
condensation of ethyl aceto%':eiate with hydra- 
zines. ^tipyrin {\-phei\yl 2 : \\‘di7ncthyl-^-pyra- 
zolone)^^ is prepared from symmetrical methyl 


details of the method are given by Conrad “cc^oacetate (n. also 

(Aunalen, 186, 214): 100 grams of sodium are ■ 
added to 1000 grams of pure ethyl acetate, and 


I PhNH 


OEt*CO 


\ 


^,CH 
HO (;Me 
PhNCO 

= [ \cK + F.tOH + H.O' 

MeN CMo 


after the reaction has moderated coii^iderably, i " 
the whole is heated on a w^er-bath under a | 
reflex condenser for 2-2| hours until all the 
sodium has disapQpared. To fhe warm mass 
650 grams of 60 p.c. acetic acid are added, and i 
after cooling 600 c.c. of water. The whole is 
well shaken, and the upper layer separated, , 
washed with a little water, and fractionated, i Quinolines may be prepared by first making 
The fractions 100®-130®, 130®-165®, J65®-176®, I tht; anilide of ethyl acetoacetate by heating 
176®-186®, 185®-200® are collected separately ' 'vith aniline ,at 110®, and afterwards heating 
and refractionated twice. The yield is 176 this product with concentrated hydrochloric 
grams of product boiling at 176°-1 85°, and from acid. CH3*CO*CH2*CO*NHPh changes into 
the fraction boiling below 100®, 350^00 grams CH3-C{OH) : CH*C(^H): NPh, and readily con- 
of ethyl acetate may be recovercfT after reraovfng denses to \ hydroxy A-methylquinoline 
the alcohol by salting out. Details of a method i N N 

of»j>reparation on the large scale are given by ; • 


Cobenzl in Chem. Zeit. 1914, 38, 066. 

Ethyl acetoacetate is neutral to litmus, but 
forms salts with sodium, copper, and other 
metals by replacQinent of hydrogen. Only one 
atom of hydrogen can be replaced by sodium, 
but if the sodium in the resulting compound is 
replaced by an alkyl radicle a second hydrogen 
atom may then be replaced. Ferric fihloride pro- 
duces a violet colouration. With foclium bisul- 
phite a crystalline addition product C,H,oO,, 
NaHSO;, is.formed. On heating for a long time, 
or leading the vapour through a hot tube, acetone, 
alcohol, dehjdracetio acid, and methane are 
formed* Sodium amalgam reduces it to $~hydroxy 
hutyrk acid CH8*CH(0H)*CHa*C08H. It con- 
denses witii hydroxylamine, but does not fony 
an oxime, ^intmial condensaftdn takes place, 
resulting in% the production of methyl i«o- 
oaxizolow<flp,*C*Cfi^*CO which is ^nverted by 

alkalis into sai^of^^ximinobuliyrio acid. 


COH 


VA/® 

CMe 


CH 

• / 

. HO-CMe 

a ® 

Pyridines {v. also Bone oil) are obtained by 
coi^iensing ethyl aoetoaceiite with aldehyde 
^ammonias. Ethyl dihydroQollidine dioarboxyl- 
ate is the simplest example: 

CO,Et*CH laOCHMe HC-COjEt 


CHjC-OH 


h; 


:]!ra 


HO 


I 


OH. 

CHMe 


COaEt* A •COaEt 

oH,«J (!-ca, ■ 


iPyronee , — Dehydracetio acid, a-mCthyl 



ACKTOL. 
ethyl 


n 


aoctylpyrone, is produced on heating 
aoetoacetoie for a considerable time. 

0<mttiiiiUion.--^The constitution of ethyl aceto- 
aoetate and its sodium derivatives was for many 
years a subject of discussion by Frankland and 
Puppa, Geuthor, Claisen, Laar, Wislioenus, 
Brdhl, Perkin, and others. The general opinion 
is that ethyl acetoacetate consists of a mixture 
of the two forms, ketonic CHj'CO-CHj^OaEt, 
and enolio CH8*C{OH) : CH-CO jEt. The freshly 
prepared substance is practically a pure ketone, 
but on keeping it changes partially into the 
enolio form, and when equilibrium is reached 
about 10 p.c, of the latter is present at ordinary' 
temperatures. The rate of change has been 
studied by observing the change of viscosity. 
See Dunstan and Mussel, Chem. Soc. Trans. 
1911, 99, 600. The sodium compound is a 
derivative of the enolic form. 

Alkyl derivatives of ethyl acetoacetate. 

1 . Mono-suhdiiuted alkyl derhmtivps. 

Ethyl me///.viflrcfi/oaCftofe'Cil 3 -CO-CHMe*COgEt 
boils at 180 -8^^, and has sp.gr. 1*009 at 0^ 
Prepared from methyl iodide and sodium 
acetoacetate (Geuther, J. 1806, 303). 

Ethyl ethylacetoacetale CH-j-GO ClIEt-OGaEl 
boils at 195°-|,90", and has sp.gr. 0*9834 at W\ It 
is readily decomposed by baryta or alcoholic pot- 
ash into alcohol, carbon dioxide and methyl propyl 
ketone ; and by dry aidium othoxido into acetic 
and butyric esters (Miller, Annalen, 200, 281 ; 
Wedel, Annalen,210, 100 ; Frankland and Guppa, 
Annalen, 138,216; WislicenuS, Annalen, 186, 187). 
A^%lpr£)pylace/oac«<a<eCHj*CO*CHpra*CO,Et 

boils at 208®-209®, and has sp.gr. 9*9gf ^ 
0®/4*. It is prepared by adding to a solution 
of 27 grams of sodium in 270 grams absolute 
alcohol, 152*7 grams ethyl acetoacetate, followed 
gradually by 206 grams propyl iodide. 

Ei/iyl iaopropylacetoncetate 
OOjEt boils at 201°/758*4 mm., and has sp.gr. 
;)'9806 at 0°. ^ ^ 

Ethyl iaobutylacetoacelate CH 3 *GO*CH(CH,- 
CHMe 3 )*COaEt boils at 217°-218“, and has sp.gr. 
0*961 at 17’6® (Rohn, Annalen, 190, 306 ; Minter. 
Ber. 1874, 601). 

Ethyl isoamylacetoaceiate CH,*CO*OH(CH- 
CHg*CHMe 3 )COj|Et boils at 227®— 228° (Peters, 
Ber, 1887, 3322). 

Ethyl amylacetoacetate CH-’CO-CHCC.H,,) 
COjEt boils at 242®-244° {Ponzio and PranAi, 
Qazz. chem. ital. 28, ii. 280). 

Ethyl heptylacetoacetate boils at 27 r-273° and 
has Bp.gr. 0*9324 at 17*7°. 

Ethyl octylacetotKeUde boils at 280® -382°, and 
bas sp.gr. 0-9354 at 18°*5/17*6® 

2. Di-avbsiituted alkyl derivatives. 

.Ethyl dimethyla^oacetaie CHj-CO’CMe.* 
AlnEt boils at 184°, and has sp.gr. 0*9913 at 16 . 
^Ethyl meihyleihylacetoacetate CH,*CO-CMeEt 
li“*sp gr. 0-947 

r. meihyJpropylaceioaceUite CH,*CO*CMe 
LT74^^^ ^oils at 214®, and has sp.gr. 0*9576 at 

Ethyl didhylacetoacetaie CH,*CO*CEt„*CO,Et 
^ a* 218®, and has sp.gr. 0-9738 at 20* 

^%ZdiprojP3^ccf(>ace/afeCH5*CO*CPra*CO.Et 

236°, and has sp.gr. 0-9o85 at 0°/4°. 

Ethyl diucbutylacetoacetate kiilsat 260®-263® 
ind haa Bp.gr. 0-947 at 10®. 

VoL. I.— r. 


Ethifl diheptylacHoac.eta*e boibi at 332°; attd 
has sp.gr. 0*891 at 17*6Vl7-6°. 

Ethyl dioctylacetoacetate boRs rft 264® /90 mm.. 
!340®-342® /760 mm. / f 

AGprOFORM. Trade name for a combhyt* 
tion 01 hexamethylenetetramine and aluminium 
acetOj^itrate. 

AGETOL (meth^l-keiol^ acetyl carbinol, or 
propanolon) OHaCOCy^gOH is the simplest ketone 
alcohol. It is obtained by saponification of the 
acetyl carbinol acetate or formate produced 
on condensing ch loro -acetone with potassium 
acetate or formate (W^ry, Ber. 187^ 6, 966; 
W. H. Perkin, Trans. (Them. Soc. 1891, 69, 786 ; 
Nof, Annalen, 1904, 336, 2A). For the purpose 
of saponification in this case boiling with methyl 
alcohol containing 1-2 p.c. hydrochloric acid is 
employed. Jt is also formed in the biochemical 
oxidation of propylene glycol by means of the 
sorbose bacterium or by mycoderma aceti, in the 
I3yrochemical decomposition of glyoerol (Nef, 
?.<*.), and by heating o-bromopropionio aldenyde 
with a metliyl alcoholic solution of potassium or 
sodium formate for 10-16 hours (Nef, ibid. 266). 
Ill this latter preparation the metal halide is 
filtered off and the acetol fractionated twice 
under diminished pressure, when it is obtained 
perfectly pure. 

Acetol boils at .54° (18 mm.), and witff 
slight decomposition at 14J° under atmospheric 
pressure. It possesses a faint, ohoraoteristio 
smell, and is miscible with water. It readily 
forms more complex condensation products, 
especially in the presence of traces of halogen 
compounds ; but this may be avoided by iluting 
it with its own volume of methyl alcohol When 
passed through a ^tube heated to 460° it 
decomposes into acetaldehyde and wftfafomft 
aldehyde, togethA with a sn^aU quantity of 
their decomposition products, namely, croton- 
aldehyde, carbon monoxide, hydrogen, &o. 

On oxidation with merourio oxide, silver 
oxide, or chromic acid in the presence of sul- 
plmrio acid it yields formic and acetic acids; 
but with copper oxide in alkaline solution it 
yii'lds lactic acid : ^ 

CHgCOCHjOH CH3CO CHO 

+ HttO 

CH,*CHOH*COOH 

On reduction with sodium amalgam in aqueous 
solution, acetone, /sopropyl alcohol, and pro- 
pylene glycol are produced ; a reaction which 
suggests that in aqueous solution acetol has 
changed into the tautomerio forn^: 

CH,-C~CH, 

h/Y 

• The behav^tup of acetol and its esters to the 
Grignard reagent shows that they exist in the 
carbonyl form, for with magnesium ethyl iodide, 

amylene glyool cS,>C<CH,OH ** obtained! 
which could not be the case with the ethylene 
oxide type of structure. In contact with solid 
caustic alkali, acetol is converted into dark red 
tairy .matters, wjt;Ji simultaneous development 
of great heat. ^ 

ASetol-oxime is* obtained by the^oxidation 
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(PUota and Ruff, Ber. 1897, 30, 1666,, 8161), 
It crystallises in prisms, melts at 71° G., and 
is^uuly soluble'in^water. 

^Acetdl tmicarhazone 

^ CHe*0( : N-NH*CONHj)-CHgOH 

serves as the best means of identifying acetol. 
It melts at 196°-200° C., is'ivery stable, and is 
only very slightly soluble m ether, benzene, and 
chloroform. The phenylnydrazme melts at 
106° 0. ; the oaazone at 163°-164° C. 

The name ‘ Acetol ’ is also given to a pro 
duct obtained as an ester, of salicylic acid by 
oon4fi^lasing sodium salicylate with monochlor- 
aoetone 0H’CeH4-C®30-CH2C0*CH3# Forms 
needles from solution in alcohol, m.p. 71°; 
sparingly soluble in warm water (Fritsch, E. P. 
3961, 1893 ; J. Soc. Chem. Ind. 1894, 274). 

ACETOMETER. a hydrometer graduated 
to indicate the strength of commercial acetic 
acid according to its density. 

ACETOMORPHINE. Syn. for diacetylmor- 
phine. Used to check spasmodic coughing, and 
m lowering reflex irritability, v. Opium and 
Opium Alkaloids. 

ACETONE CaH«0 or CHa-CO CH.,. DmelJiyl 
ketone. A product of the destructive distillation 
of acetates ; obtained by Liebig from lead acetate 
fknnalen, 1, 226) and further examined by 
Bumas (Ann. Chim, Phys. [2] 49, 208), who 
first determined its composition. Acetone is 
also produced in the dry distillation of wood 
(Volckel, Annalen, 80, 310 ; J. Hoc. Chem. Ind. 
16, 667, 722 ; 27, 798 ) ; of citric acid (Robiquet, 
B. J. 18, 602) ; of sugar, starch, and gums with 
lime (Fn6my, Annalen, 16, 279 ; J. Soo. Chem. 
Tnd. 21, 641, 1096). Large quantities of acetone 
aie now (produced by the destructive distillation 
of the giant kelp of the Ptfcifio Coast; the 
quantity of out' kelp averaged above 24,000 
tons a month in 1917. By oxidation of proteid 
substances with iron salts ( Blumenthal and 
Neubeig, Cbern. Zentr, 1901, i. 788 ; Ingler, 
Beitr. Chem. Phys. Patli. 1902, i. 683), and by 
heating citric acid with potassium permanganate 
(Pean de St. Gilles, J. 1868, 685 ; Sabbatani, 
Atti Aoad. Sci. Torino, 1900, 35, 678) ; and by 
the oxidation of isovaleric acid (Crossley and 
Le Sueur, Chem. Soc. Trans. 189i), 1 66). Acetone 
is also produced by the Fern bach process, in 
which starch from maize or other grain is 
fermented by a speoial ferment which resolves 
the carbohydrate into a mixture of butyl 
alcohol and acetone. 

Preparation —1. Acetone can be obtained 
by distilling a mixture of 1 part of caustic lime 
and 2 parts of crystallised lead acetate (Zeise, 
Annalen, 33, 32) ; but is usually prepaid by 
the dry distillation of barium acetate at a 
moderate heat. Calcium acetate can also be 
employed, but the temperature required is 
greater, and the product is contaminated with j 
impurities, such os dumaain^ an isomeride of I 
mesityl oxide ; but according to Becker (J. Soc. ! 
Chem. Ind. 26, 279) a lower temperature is 
required if the oaloium salts are made quite: 
neutral and the formation of free lime is pre- 
vented by the introduction Qf(,a stream of dsy 
carbon ^oxide. Bamberger (Ber. 1910, 43, 
3617) considers that the lorlhation of acetone 
consistf^ first in the formation of ^e and acetic 
anhydride, apd that the latter is decohipoaed 


into acetone and carbon dioxide. It has be« 
shown (Freudenheim, J. Physical Chem, 1918 
22, 184) that when acetone is heated with limi 
at temperatures ranging up tO' 630°, a imeoie 
of * cracking ’ occurs, which results in the forma 
tion of methane, ethylene, hydrogen, carboi 
monoxide, and carbon dioxide. As the tom 
perature is raised to the upper limit mentioned 
the amfi>unt of methane increases rapidly, whils 
that of hydrogen is diminished. The exjflanatioi 
ut forward is that acetone undergeos (a) j 
igh temperature dissociation ; and (6) con 
version into keten, which thereafter deoom 
poses : 

CHa CO CHg CH^-fCO+C-l 

CHsCOCHg CH4+CH2:C0 

2CH2 : CO 2CO+C2H4 

Magnesium or strontium acetates can alsc 
be used. Industrially, acetone can be pre 
pared by passing the vapour of acetic acid intc 
air-tight vessels heated to 600°, containing 
some porous substances saturated with lime o] 
baryta (J. Soc. Chem. Jnd. 18, 128, 824 
Bauschlicker, D. R. P. 81914) ; also by passing 
a continuous current of pyroligneous acid ovei 
a heated acetate capable of forming acetom 
(J. Soc. Chem. Ind. 26, 034 ; 2v, 1002 ; 27, 
277). An improved method is also described 
by Wonghoffer /D. R. P 144328 ; compare 
also J. Soc. Cheitf. Ind. 14, 987 ; 20, 1130; 22, 
207). 

According to Squibb (J. Soc. Chem. Ind, 
1896, 231 ; J. Amer, Chem. Soc.), pure acetone 
for use in the preparation of smokeless powders 
can be obtained by subjecting acetates mixed 
with an excess of calcium hydroxide to destruc- 
tive distillation and to the action of superheated 
steam. 

2. From wood -spirit acetone can be separated 
bv distilling over calcium chloride. The product 
obtained by these methods can readily be purified 
by converting the acetone into its crystalline 
compound with acid sodium (or potassium) 
sulphite, crystallising this, and suWquently 
distilling with aqueous sodium carbonate ; the 
distillate is then treated' with concentrated 
calcium chloride solution and the ethereal layer 
rectified over sefild chloride. According to 
Conroy (J. Soc. Chem. Ind. 19, 206), it shoiud be 
urified by distillation over sulphuric acid (Dolt, 
. Soc. Chem. Ind. 27, 272), whilst Araoult 
{ibid. 27, 679) recommends treatment with 
oxidising agents. 

According to Shipsey and Werner (Chem. 
Soc. Trins. 1913, 103, 1266), sodium iodide 
forms' a crystalline compound with acetone 
NaI,3C3H40, which easily gives off all the 
acetone on gentle warmin^K- The formation of 
this compound can bo used for the preparation 
of pure acetone from the oommerciu material. 
It may be «^readily prepared dissolving 
anhydrous sodium iodiae to the pomt of satura* 
tion in the hot acetone, and allowing the solution 
to cool to the ordinary temperature ; if the 
liquid is cooled to about —8° by means of ice 
and salt, the yield of crystals is largely increased. 

Acetone has been prepared synOietically from 
zinc methyl and acetyl ohJ^ide (fwund, 
Annalen, 1 18, 1 1 ). It occurs in we urine, blood, 
and brain of calcium diabetic patients. 

Properties. — Acetone is a limpid, mob% 
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Uqtiidi havjng an agreeable odour and a ^pper- 
c^t<}ike taste. It is very inflammable and 
burns with a white smokeless flame, b.p. 56*3° 
(Begnault) ; spfgr. 0*8144 at 0°, 0*79945 at 13*9® 
(Kopp, Annafen, 64, 214) ; b.p. 66’l®-56*2® 
(corr.), and sp.gr. 0*8137 at 0°/4* (Shipsey and 
Wemer) ; 66*22° (corr.) and sp.gr. 0*81868 
0°/4° (Thorpe and Rodger) ; sp.gr. 0*81378 at 
074 °, 0*79705 at 1674°, 0*77986 a# 3074° 
(Saposohnikoff, J. Russ. Phys. Chem. Soc. 28, 
229); m.p. —94*9° (Ladenburg and Kriigel, 
Ber. 32, 1821 ; Formenti, L’Orosi, 1900, 23, 
223). Acetone is ^scible in all proportions 
with water, alcohol,' ether, and many ethereal 
salts ; *t can be separated from its aqueous 
solution by the addition of calcium chloride, 
and dissolves many fata and resins. It is 
also an excellent solvent for acetylene and 
tannins (Trimble and Peacock, Pharm. J. 
63, 317). Acetone is used in perfumery and 
pharmacy; in the manufacture of smokeless 
powders ; of cordite and of celluloid articles 
(Marshal, J. Soc. Chem. Ind. 23, 24, 646), also in 
the preparation of iodoform (Teeplo, J. Amor. 
Chem. Soc. 26, 170; Abbott, J. Phys. Chem. 7, 
83); of chloroform (Squibb, J. Ainer. Chem. Soc. 
1896, 231 ; Orndorff and Jessel, Amer. Chem. J. 
10, 363; Dolt, lx. 271); and in the presence 
of sodium sulphite it can bo used as a good 
substitute for alkali^n photogjraphio developers 
(Lumi^re and Segowetz, Bull. Soc. chim. 15, [3] 
1164; Mon. Sci. 1903, 257, 568; Eichengriin, 
Zeitsch. angew. Chem. 1902, 1114). When its 
vapour is passed through a red-hot copper tube, 
a very small proportion of tarry products coir- 
taining naphthalene is obtained together with 
a large volume of gas having the composition : 
carbon monoxide, 39*23 p.c.; methane, 37*68 p.c.; 
hydrogen, 17*54 p.c.; and ethylene, 6*66 p.c. (Bar- 
bier and Roux, Compt. rend. 102, 1569). De- 
hydrating agents readily act on acetone and 
convert it into condensation products ; thus, 
caustic lime converts acetone into mesityl oxide 
CjHioO and phorone C 9 iri 40 when the action is 
allowed to continue for a week (Fittig, Annalen, 
1 10 , 32), and, together with smaller proportions 
of other products, these two compounds are 
also formed when it is saturated with hydrogen 
chloride and allowed to stand for 8 to 14 
days (Baeyer, Annalen, 140, 297): with zinc 
chloride terpene condensation products are 
formed ( Raikow, Ber. 30, 906). Distillation with 
ooncentiated sulphuric acid converts acetone 
into mesitylene, mesityl oxide, phorone and 
•sodurene and other substances (Omdorfl and 
Young, Amer. Chem. J. 16, 249). A similar 
result is obtained when it is heated with boron 
fluoride. The action of nitric acid and nitrio 
oxide on acetone ha^ been studied by Newbury 
and Omdofl (Amer* Chem. J. 12, 517), Behrend 
and Schmitz (Annalen, 277, 810). Behrend and 
Tryller (Annalen, 283, 209), Apetz l,nd Hell (Ber. 
27, 933), Traube (Annalen, 300, 81), McIntosh 
(Ainer. Chem, Soo. 27, 1013) ; of hydrogen per- 
oxide by Baeyer and Villiger (Ber. 32, 36^25 ; 33, 
174, 868 ), Postureau (Compt. rend. 140, 1691), 
Wolffenstein (Ber. 28, 2266); of thionyl chloride 
by . loth and Michaels (Ber. 27, 2640) ; and of 
hy^O|hMphorc^ aoid by Marie (Compt. rend. 

Sodium in the presence t)f water reduces 
acetone to isopropyl alcohol and pinaoone (Fittig, 


Annalen, 110. 26; 114, 64; Stadeler, Annalen, 
111, fil ; IWedel, Annalen, 124, 829}, but when 
the materials are quite w excluded, 

sodium aoetonate is formed (wer, Amer. Clftm. 
J. 1 ^ 356 ; 13, 308 ; 15, 682 ; Taylor, Cl^. 
Soo.^rans. 1906, 1268; Bacon and Freer, 
Philmpine J, Soi. 1907, 2, 07). Red-hot 
magiiesium acts cfi acetone, yielding hydrogen 
and allylene, whilst magnesium amal^Mim forma 
magnesium acetonate which is rapidly decom- 
posed by water, yielding pinacone hydrate 
(Reiser, Amer. Chem. J. 18, 328; Conturier 
and Meunier, Commit, rend. 140, 721), Anhy- 
drous acetone, in pre^nce of metallic caMum, 
is slowly •converted at th^ordinary tempemture ^ 
into mesityl oxide (Raikow, Chem. Zeit. 1913," 
37, 1466). Chlorine, bromine, and iodine in 
the preseneo of alkalis convert acetone inta 
chloroform, bromofonn, and iodoform respec- 
tively. 

Jieactiovs.— 'When quite pure acetone should 
remain perfectly colourless on exposure to light, 
and should not be attacked by potassium 
permanganate in the cold ; in the presence ol 
alkali, however, and on warming, carbonic and 
oxalic acids are formed (Coohenhausen, J. pr. 
Chem._ 166, 461 ; Conroy, J. Soc. Chem. Ind, 
19, 206 ; Fournier, Bull. Soo. chim. 1908, 3» 
269). According to Witzemann (J. AmH. 
Chem. Soc. 1917, 39, ^667), the oxidation 
process involves preliminary enolisation of the 
acetone, followed by the formation of pyruvic 
acid : 

COMe, 

Acetone, when treated witR aqueous potash 
and iodine, yields iodoform (Lioben). Gunning 
(Zeitsch. anal. Chem. 24, 147) has modified 
this reaction to render it available when alcohol 
is present by employing ammonia and a solu- 
tion of iodine in ammonium iodide. Another 
test proposed by Reynolds {ibid. 24, 147) is based 
on the fact that mercurio oxide is soluble in 
acetone in the presence of potassium hydroxide ; 
the suspected liquid is mixed with a solution of 
mercurio chloride rendered strongly alkaline with 
alcoholic potash, and after shaking the mixture 
is filtered and the filtrate tested for mercury by 
means of ammonium sulphide or stannoiis 
chloride. Denig^s (Compt. rend. 126, 1868; 
127, 963 ; Bull. W chim. 13, [3] 643 ; 19, (Sj 
754) recommends the use of tlo^ additive com- 
pound formed by acetone with mercury sulphate, 
tor detecting acetone in methyl and ethyl 
alcohol (Opponheimer, Ber. 32, 986). Peaixdldt 
(Zeitsch. anal Chem. 24, 147) adds to the 
luspeoted liquid orthonitrobenzaldehyde, which 
in presence of caustic alkali combines with ace- 
tone to form indigo. Another d^oate testis to 
add sodium hydroxide, hydroi^lamine and 
pyridine, then ether and bromine until the 
solution is yellow, hydrogen peroxide hi now 
added when, if acetone is present, the solution 
becomes blue (Stock) ; (hmethyip-ph^ylenedia- 
nfine produces a ^d colouration which changes 
to violet on addition of alkali or a^ (Malerba, 
ZeitSoh. anal. Cbdhi. 37, 690). Similar colomr re- 
actio^ are ohtainod by addipg a few ^rops of 
sodium nitroprus^ide to a mix|ure^f ace^e and 


CH, : CMe*OH-> HO-CHj*CMe(OH), 
CHb*CMe(OH) 8 COgH*CMe(OH)a 

’rO‘(^0 H^^CHg’COgH+COg 
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a primary aliphatic amine (Rimini, Chem. ^entr, 
189^, 2, 132). Of all these tests Lieben’s is perhaps 
the^ost sensitive. , To detect acetone in urine a 
etrcmg solution of sodium nitroprusside is added, 
th^L the mixture made alkaline with potash, 
when a red colouration is produced which 
changes to violet on addition of acetic acid (L^gal, 
J. Pharm. Chim. 1888, 17, 266; Denig^s, Bull. 
Soc. chim. [3] 16, 1058). According to Egeling 
(Chem. Zentr. 1894, ii. 467), it is best to use 
ammonia, when a brilliant violet colour is at 
once produced; this reaction is not given by 
aldehyde. For other methsds of detecting and 
estimating acetone, compare Arachequesne, 
jCompt. rend. 110, 6^2; Collischonn,* Zeitsch. 
anal. Chem. 29, 662; Squibb, J. Amer. Chem. 
Soc. 18, 1068; Kebler, 19,316; Schwicker, 
Chem. Zeit. 16. 914; Strache, Monatch. 13, 299; 
Klar, J. Soc. Chem. Ind. 15, 299 ; Hintz, Zeitsch. 
anal. Chem. 27, 182; Sternberg, Chem. Zentr. 
1901, i. 270; Koppclor, Zeitsch. angew. Chem. 
r 18, 464; Vaubol and Sohleuer, ibta. 18, 214; 
Jolles, Ber. 39, 1306 ; Auld, J. Soc. Chem. Ind. 
26, 100; Heikel, Chem. Zeit. 32, 75. 

(For estimating acetone in wood spirit, see 
Arachequesne, l.c.i Vignon, Compt. rend. 110, 
634; 112, 873; and in urine, see Huppert, 
Zdtsch. anal. Chem. 29, 632; Salkowski, J. 
Pnarm. Chim. 1891, 194; Geelmu 3 ^don, Zeitsch. 
anal. Chem. 35, 603; Willen, Chem. Zentr. 

1897, i. 134; Martz, ii. 232; Argenson, Bull, 
Soo. chim. 16, [3] 1055; Studer, Chem. Zentr. 

1898, L 1162; Mallat, J. Pharm. 1897, 6296; 
Sabbatani, Chem. Zentr. 1899, ii. 22 ; Riegler, 
Zeitsch. anal. Chem. 40, 94; Vournasos, Bull. 
Soo. chim. 31, [3] 137; GraaflF, Pharm. Weok- 
blad, 1907, 44, 665 ; Folin, J. Biol. Chem. 1907, 
3, <177 ; Monimart, J. Pharm. Chem. 1892, 26, 
392 ; Heikel, Ic. ; ^art , J. Biot Chem. 1908, 4, 
477.) 

derivatives. — Acetone combines directly with 
a large number of substances yielding well- 
characterised additive compounds. 1. Com- 
pounds with alkaline sulphites : — Acetone forms 
definite oiystalline compounds when shaken with 
concentrated solutions of the aoid sulphites (bi- 
sulphites) of the alkali metals (Precht, Phot. 
Centr. 1902, 8 , 301 ; Kerp, Kaiserl. Gesundh. 
1904, 21, 40; Roth wood, Monatsh. 26, 1645). The 
potassium salt CgHaOjKHSOa, and thesodium salt 
(LHjOjNaHSOg, crystallise in nacreous scales 
(Limpneht, Annalen 93, 238) ; the ammonium 
salt CgHjOjNH^HSOg crystallises in laminss 
(Stadeler, Annalen, 111, 307). The barium 
salt has formuU 2 C 8 Hg 0 ,Ba(S 03 H) 2 ,H 20 (Fa- 
gard, J. Pharm. Chim. 1895, 2, 146). These salts 
yield acetone when heated with aqueous potash. 
Calcium chloride combines with acetone to form ' 
CaClg,2CgHgO and CaClg, CgHgO (Bagster, Chem. 
Soo. Trans. 1917, 111, 494).— 2. Compound^ 
mih chloroform (Willgerodt, Ber. 14, 2461 ; 
16, 2308 ; Cameron and Holly, Chem. Zentr. 
1898, ii. 277 ; Jocitsoh, ibid. 1899, i. 606 ; 
Willgerodt and Durr, J. pr. Chem. 148, 283). 
— 3. Compounds with hydrogen cyanide (Ureon, 
Annalen, 164, 266) Acetone yields acetone- 
oyanhydiol O 4 H 7 NO, b.p. 120®, when added to 
anhydrous ^drogen cyanide f, and diocetpne- 
oyanhydrok^HijNOg, a crystalline substance, 
when treated with a 26 p.o. soltirtion (aqueout) of 
hydrogpii cyanide (Tismann and Fripdlander, Ber. 
14, 1966); witl\,3*3 1 * 0 . hydrogeq cyanide acetone- 


oyanhydrin is obtained in the dark, .but in the 
light a mixture of products is formed (Silber, 
Ber. 38, 1671).— 4. Compounds with ammonia : — 
Ammonia unites with acetone ih the cold with 
the elimination of the elements of water; the 
reaction, however, proceeds more quickly if the 
temperature is raised to 100®, or if ammonia 
as is passed into boiling acetone. Several 
ases, diaoctonamine CgH^gNO, triaoetonamine 
CgHjjNO, triacetonediamine CgHgqNgO, and 
dehydrotriacetonamineCQHjgN; the last two in 
very small quantity only, have been obtained by 
these methods, the relative proportions in which 
they are formed varying with the temperature 
and time employed. These bases ai^. their 
derivatives have been examined by Heintz 
(Annalen, 174, 133 ; 175, 262 ; 178, 305, 326 ; 
181,70; 183, 276; 189,214; 191, 122; 198, 
42, 87 ; 201, 90 ; 203, 336) and by Sokolow and 
Latsohinow (Ber. 7, 1384), Ruhemann and 
Carnegie (Chom. Soo. Trans. 1888, 424), Riighoi- 
mer (Ber. 21, 3325 ; 26, 1662), Harries (An- 
nalen, 296, 328), Franohiraont and Friedmann 
(Reo. Trav. Chim. 1907, 223), Gabriel and Colman 
(Ber. 35, 3806), Kohn and Lindauer (Monatsh. 

23, 764), Kohn (Annalen, 361, 134 ; Monatsh. 

24, 76.5, 773; 25, 135, 817, 85p; 28, 429, 
508, 629, 637, 1040) ; they yield weli-crystallised 
salts, and can bo separated from one ’another 
by means of theug oxalate8.v Methylam'ine also 
gives corresponding compounds with acetone, 
but dimcthylamine yields dimethyldiaoeton- 
amine as the sole product (Qottsohmann, 
Annalen, 197, 27). 

Thioacetones have been studied by Bau- 
mann and Fromm (Ber. 22, 1035, 2692). 
Acetone forms compounds with mercuric sul- 
phate (Douiges, l.c.', Oppenheimer, i.c.), with 
more uric oxide (Auld and Hantzsch, Ber. 
38, 2677; Lasserre, J. Pharm. Chim. 1890, 
22, 246), with mercuric cyanide (Marsh and 
Struthers, (/'hern. Soc. Trans. 1905, 1878), with 
mercuric iodide (Gernez, Compt. rend. 137, 266; 
Marsh and Struthers, CJhem. Soc. Proc. 1908, 
266), and witli nioi'cuiic nitrate (Hoimann, 
Ber. 31, 2212). Metallic derivatives of the 
type CHg'CO'f'HgK are obtained by the elec- 
trolysis of acetone solutions of potassium or 
sodium iodides 01 ^ of potassium thiocyanate 
(Levi and Voghera, Gazz. ohim. ital. 36, i. 
277). 

Acetone yields substitution derivatives when 
acted upon with chlorine or bromine (Bischoff, 
Ber. 6, 863, 963 ; 8, 1329). The following deriva- 
tives have been obtained: — ^Monoohloraoetone 
(Henry, B3r. 6, 190; Mulder, Ber. 6, 1009; Bar- 
baglia, Ber. 7, 467 ; Linnemann, Annalen, 134, 
'171; Koenigs and Wagstaffe, Ber. 26, 664; 
WislicenuB, Kiroheisen arjG Sattler, ibid. 26, 
908 ; Fritsch, ibid. 26, 697 ; Tcherniac, Ber. 
26, 2629 ; Kling, BiiU. Soo. chim. [3] 33, 322) ; 
unsymmetrioai’dichloracetone (Fittig, Annalen, 
110, 40; Borsche and Fittig, Annalen, 133, 
112: Erlenbach, Annalen, 269, 46; Tcherniac, 
l.c.\ Fritsch, Z.c. ; McIntosh, Chem. Soc. Trans. 
1905, 790); symmetrical dichloraoetone (Barba- 
glia, l.c . ; Fritsch, l.c.)\ triobloraoetone (Bischoff, 
l.c.; Kroemer, Ber. 7, 262; Perrier and Prost, 
Compt. rend. 140, 146 ; HantzscK Ber. 21, 242) ; 
tetrachloraoetone (Bischoff, Levy, Witte and 
Ourchod, Annalen^ 262, 330, 254, 83 ; Levy 
and Jedlicka, Ber. 21, 318) ; and pentaohlor- 
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acetone (OIo&, Bull. Soo. olunL (2] 39, 638; 
Fritaoh, Annalen, 279, 310 and /.c. ; Ijevy 
and Jedlioka, ^c.). Fentachloroaoeione treated 
with phosphorus pentachloride vields oa-hepta- 
chloropropane CkCIjo* a crystalline substance, 
m.p. 32” ; also obtained by the direct addition 
of chloroform to tetraohloroethylene under the 
influence of aluminium chloride (Boes^en and 
Prins, Proc. K. Akad. Wetensch. Amsterdam, 
1911, 13, 686). The corresponding bromo- 
derivatives, with the exception of tribromace- 
tone, are obtained by the direct action of 
bromine upon acetone (Mulder, J. 1864, 330; 
McIntosh, l.c. ; Lap worth, Chora. Soc.’ Trans. 
1904, 153), also by other methods (Hjelt and 
Siven, Ber. 21, 3288 ; Norton and WistenhoflP, 
Amer. Chem. J. 10, 213 ; Hantzsch, l.c.). Other 
halogen derivatives (J. Soc, Chem. Ind. 16, 
933 ; Hantzsch, l.c. and Ber. 22, 1238) and the 
compounds of acetone with the halogen acids 
(Archibald and McIntosh, Chem. Soc. Trans. 
1904, 924) have been described. 

Acetone iorins a large number of condensa- 
tion products and derivatives with other organic 
compounds : C 3 ^an acetones (Hantzsch, Ber. 23, 
1472 ; Tcherniac, Ber, 26, 2607, 2621 ; Kowppa, 
Ber. 33, 363(P). Acetone dioxalic ester obtained 
by the action of sodium ethylate on a mixture 
of acetone and oxalic ester is converted when 
treated with sodium ethoiide to a dienoiio 
substance forming lemon-yellow needles, m.p. 
98*, and dyeing wool in alcoholic solution. 
It is the first nitrogen free dye-stuff of the fatty 
series yet obtained (Willstatter and Pummorer, 
Ber. 37, 3733). Pseudocycfocitralidene acetone 
and its homologues have an odour of violets, 
and are suitable for use in perfumes (J. Soc. 
Chem. Ind. 24, 290). 

For acetone dicarboxylic acid and its deriva- 
tives, see Ormerod, Chem. Soc. Proc. 1906, 205; 
Denigfes, Cornpt. rend. 128, 680; Lippniann, 
Ber. 41, 3981; for acetonyl acetone ami its 
derivatives, see Knorr, Ber. 22, 168, 2100 ; 
Claisen and Ehrhardt, Ber. 22, 1009 ; Zincke 
and Kegel, Ber. 23, 230 ; Claisen, Ber. 25, 
3164 ; the azo- (Bulow and Schlottcrbeck, Bor. 
36, 2187) and diazo- derivatives of acetony) 
acetone, have dyeing properties (Fauiel, Compt. 
rend. 128, 318). 

Acetone, with diazobenzene chloride in the 
presence of alkali, yields a compound CuHi^ONj. 
m.p. 134®~135®, which has dyeing properties 
(Bamberger and Wulz, Ber. 24, 2793). For other 
condensation products compare Boessneck, Ber. 
21, 1906 ; Peohmann and Wehsarg, tdid. 2989, 
2994; Franke and Kohn, Monatshf 19, 364; 
20, 876 ; Spier, Ber. 28, 2631 ; Perkin and, 
Thorpe, Chem. Soc^ Trans. 1890, 1482; Weidel, 
Monatsh. 17, 401 ; Micko, ibid. 442 ; Siohbe 
Ber. 28, 1122; Comelson and Kostanecki, Ber. 
29, 240; Claisen, ibid. 2931; Rohmer, Ber. 31, 
281 ; Pfitzinger, J. pr. Chem. lo4, 283 ; Freer, 
Amer. Chem. J. 17, 1 ; Barbier and Bouveault, 
Compt. rend. 118, 198; Haller and Maioh. 
Com]^. rend. 139, 99 ; Straus, Ber. 37, 3293 , 
Hames and Ferrari, Ber. 36, 656 ; Ulpiani 
and Bemardini, Atti R. Accad. Lincei, 1904, 
13» 331 ; Peohmann and Sidgwiok, Ber. 37, 
3816 ; Dunt^itz, Monatsh. 27, 773 ; Bmoeve- 
nagel, Ber. 39, 3461, 3467 ; Purdie, Chem. Soc. 
Trans, 1906, 1200; EiohardT, Compt. rend. 145, 
129. Liaoetones and their derivatives have b§ea 


studied by Combes (Compt. rend. 108. 1262; 
Behai and Auger, Compt. rend. 109, 970; 
Claisen and Stylos, Ber. 21, .141); derivativ||s of 
triaoetone by Weinschenk (Ber. 34, 2185). 

^ETOiraOHLOROFOHM, aaa-fnebjor- mp- 
dro:^‘j3-meiAp^opane(Ohlore(one) (CHi)i -Cl OH)* 
CC1|^ prepared by slowly adding powdered 
potassium hydrdiide (3 parts) to a cooled 
mixture of acetone (6 parts) and chloroform 
(1 part) (Willgerodt, J. pr. Chem. [2] 37, 361) is 
a white crystalline compound, b.p. 167®, melt- 
ing near but above 97®; it has a camphor- 
like odour, is soluBle in hot, sparingly soluble 
in cold water, and crystallises well from ether, 
alcohol, •acetic acid, acetone, or chloroform; it 
forms no definite hydrate, but the system aoetone- 
chloroform/water presents a quadruple point 
for the solid, two solutions and the vapour at 76*2® 
(Cameron and Holly, J. Phys. Chem. 1898, 2, 
322). The acetate (CH,) 2 ‘C(OAc)-CCl 3 boils at 
191®. The benzoate (CH3)g*C(OBz).CC33 boils at 
282® (Willgerodt and Diirr, J. pr. Chem. [2] 39, 
283). Acetoncchloroform is reduced by zinc-dust 
and alcohol, forming diohlorowobutylene, wo- 
crotylehlorido, and isobutylene (Jooitsch, J. Russ. 
Phys. Chem. Soc. 1898, 30, 920) ; and is decom- 
posed by water at 180®, yielding hydrogen 
chloride and hydroxyfsobutyric acid ( WillgerMt, 
Ber. 1882, 15, 2306). By the action of benzene 
in presence of aluminium chloride the ohlorine 
atoms of acetonechloroform are replaced wholly 
or in part by phenyl residues, and the compounda 
dtphenylchlorometiyl dimethyl carbinol CPhjCl* 
CMeg'OH b.p. 239® ; phenyldichloromeihyl dimethyl 
carbinol CPhClj'CMej'OH b.p. 217®; and <n- 
phenylimthifl dimethyl carbinol CPhj-CMej’OH 
b.p. 260®, have been prepared, and similar 
compounds are obtained using toliftne or*p- 
xylene (WilJgercfdt, J. pr. Chqpai. [2] 37, 361). 

Acetonechloroform is a powerful germicide, a 
satisfactory surgical dressing, &nd hypnotic foi 
internal use (Aldrich and Houghton, Amer. 
J, Physiol. 1900, 3, 26) ; it is used as a 
specific for sea-sickness (Merck. Ann. Report, 
1907, 1), forming the chief ingredient of “ Zotos,” 
and a 12 p.c. S(®iution is used under the name 
of anesin for producing local aneesthesia (Cohn, 
Pharm Zentr. 11. 40, 33). 

ACETONEDICARBOXYLICACIDy.KETOHBS. 

ACETONE OIL is the oily residue remaining 
after the separation of acetone from the product* 
of the dry distillation of calcium acetate. It 
can also bo prepared by the dtj distillation of 
the lime salts obtained by neutralising fleece 
washings with milk of lime. Aiiout 16 litres of 
the oil are obtained from a cubic metre of fleece 
washings of H®B. It is a slightly-coloured 
liquid of sp.gr. 0*836, having a penetrating 
^smell and acrid burning Uste. It consists mainly 
of methyl ethyl ketone (A. and P, Buisine, 
Compt. rend. 120, 361 ; 128, 661). According 
to Duohemin (Bull. Soo. ohim. [3] 21, 798) acetone 
oil is of very variable composition, depending 
upefn the nature of the pyrolignate from which it 
is prepared . A French Commission reported that 
it was effeotive as a' denaturant of alcohol and 
it was adopted for this purpose by the Swiss 
Government im 1896. 

For details of ^mode of manufactqjfl} from wool 
washings, v» Buisine (J. Soo. Chun. Ind. 18, 
292 <21, 164t; P. Baechlm,iRev. Gbim. Ind. 9, 
Il2i'l6, 240). 
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ACfflJTONIO AOID. 


HrDBOXYBlCrYRIO 


ACETOmC ACID, 

AOID. 

ACETOPHENONE. Phenyl methyl keione. 
Hmnone C^Hg-CO-CH,* ia obtained by acting 
wifb benzoyl chloride on zinc methyl vl by 
distilling a mixture of the calcium salts of 
benzoic and acetic acids ; or d)y boiling toother 
benzene and acetyl chloride with aluminium 
cWoride. It can be isolated from the fraction 
of heavy oil of coal tar boiling at 160°-190^ 
by addition of sulphuric acid, distilling the 
solution in steam and conyerting the distillate 
into the p-broraophenyjhydrazone derivative 
of acetophenone (Wtissgerber, Ber. 30, 764). 
It is best obtained synthetically by adding 
small quantities of sublimed ferric chloride 
(7 parts) to a mixture of benzene (|i| parts) and 
acetyl chloride (7 ])arts) diluted with carbon 
disulphide. The mixture is then warmed on the 
water-bath, dried and fractionated (Nencki and 
StoebOT, Ber. 30, 1768). 

Acetophenone crystallises in large plates, m.p. 
20*6®; b.p. 202°. It possesses a persistent 
odour of oil of bitter almonds and cherry laurel 
water ; is insoluble in water, but dissolves easily 
in alcohol, ether, chloroform, or benzene. 
It is readily oxidised by- potassium perman- 
ounate to phenylglyoxylio acid (Gliicksmann, 
Monatsh. 11, 246). By the action of ammonia on 
an alcoholic solution of acetophenone, the aceto- 
phenone ammonia is formed CMePh(N : CMePh)2, 
m.p. 116° (Thomae, Arch. Pharm. 244. 643) (u. 
Ketones). 

Acetophenone forms a large number of deriva- 
tives and condensation products with aldehydes, 
halogens, acids, mercury salts, By the 
aqfion o^ydrogenin presence of finely divided 
nickel it may be converted into phenyl methyl 
carbinol. • 

Acetophenone was discovered by Ilujardin- 
Beaumetz and Bardet to possess powerful 
soporific properties (Compt. rend. 101, 960; 
Karmensky, Lias. Mod. Chi. Acad. St. Peters- 
burg, 1888-1889, No. 70). In quantities of 0*05 
to 0‘16 gram, it induces a quiet sleep, but is 
said to impart a disagreeable odour to the 
breath (Pharm. J. 1886, 582). 

Aminoacetophenme (Camps, Arch.* Pharm. 
40, 15), b.p. 250°-252°; 136717 mm., has 
anfiesthetio properties, which are not diminished 
bv condensmg it with aldehydes containing a 
phenolic hydroxyl, but are destroyed when it is 
condensed with benzaldehyde, tolualdehyde, 
or cinnamaldehvde (Hildebrandt, Chem. Zentr. 
1905, ii. 602 ; Scholz and Huber, Ber. 37, 390 ; 
Schafer, Ber. 39, 2181). 

p’A7nino acetophenone v. Ketone.*^. ‘ 

■ Acetophenonepheneiidenet m.p. 88°, an anti- 
pyretic substance, can be obtained by heatin^i 
molecular proportions of acetophenone and p- 
phenetidene in vacitd, then distilling in vacud at 
210*^212° (Valentiner, J. Chem. Soc. Ind. 16, 
60; 17,602). 

/S-ACETO-PROPIONIG ACID. Lcevnlic acid 
CH,<X)CHj-CH,-C02H. 

This substance is formed by tlm.action dilute 
acids on amumber of carbohydrates — e.g, levu- 
lose, Imtlin, 'galactose. It is also a product of 
oxidation of the terpene alcohols but is best 
I^pated by heat&s on the water-bath^ cane 
vrith dilute* %drochlorio acid (4 vols. 


water, 1 vol. cone, acid) until a brown flocoulent 
preoimtate is no longer formed. (Compare Tol- 
len8,Ber. 17, 668; Wehmei^a. Xoll^, Annalen, 
243, 214.) The filtered Uquid is then evaporated 
on the water-bath, extracted several times with 
ether, and after distilling off the ether the 
residue is fractionated in a vacuum. 

It c^n be obtained by the hydrolysis of various ' 
nucleic ‘'acids (Kossel and Neumann, Zeitsch. 
physiol. Chem. 27, 2215 ; Inouye, ibid. 42, 117 ; 
I^evene, ibid. 43, 119). For other methods of 
preparation, compare Tiomann and Semmler 
(Ber. 28, 2129) ; Verley (Bull. Soc. chim. [3] 
17, 190); Erlenmeyer (J. pr. Chem. 179, 382); 
Blaise (Bull. Soc. chim. [3] 21, 647). * 

Lsevulic acid crystallises in plates which 
melt at 33°. It boils at 239°, 1480-149* /15 mm. 
(Michael, J. pr. CTiem. 162, 113), and has at 
15* a sp.gr. 1*136. It is very soluble in water, 
alcohol, or ether, and is not attacked by 
bromine in the cold. Nitric acid converts it 
into carbon dioxide, acetic acid, succinic and 
oxalic acids. Iodine and sodium hydroxide form 
iodoform even in the cold. Hydriodio acid and 
phosphorus at 200° convert it into normal valeric 
acid ; whereas sodium amalgam forms sodium 
7-hvdroxy valerate acid in an alcoh die solution, 
and normal valeric acid in an acid , solution. 
When added to boiling iodic acid solution diiodo- 
acetoacrylic acid (15 formed \Angeli and Cbiassi, 
Ber. 26, 2205). When placed over sulphuric 
acid in a vacuum it decomposes, leaving a 
residue of dihydroxyvaloric acid (Bertbelot and 
Andre', Compt. rend. 123, 341). 

The mercury saltHg(C5HyOj);j, which crystal- 
lises in silvery plates, brealw up on treatment 
with sodium hydroxide, forming the two mer- 
curilaevulic acids CcHgOgHg and CgH^OjHgj. 
Laevulic acid readily condenses with ijenzil 
(Japp and Murray, Chem. Soc. Proc. 1896, 146), 
and with aldehydes (Meiugast, Monatsh. 26, 266). 
It forms a scini-carbazone, m.p. 187° (Blaise, 
lx.). The ethyl ester when treated with ethyl 
magnesium bromide yields a lactone, b.p. 
106^-106*/18 mm. (Grignarcl, Compt. rend. 135, 
627). Halogen substitution derivatives of lae- 
vulic acid have also been obtained (Wolff, Ber. 
26, 2216 ; Wolff ami Riidol, Annalen, 294, 192; 
Conrad and Schmidt, Annalen, 286, 203). 

The substance is employed on a manufao- 
turing scale os a mordant instead of acetic acid, 
as it possesses the advantage of not being volatile 
with steam. 

It is also used in the preparation of the anti- 
pyretic a^tithemiin. Phenylhydrazine is dis- 
solved in dilute acetic acid, and on adding a 
solution of Isevulio acid a yellow precipitate is 
formed, which is purified « by recrysttdlisation 
fram alcohol (Pharm, J. [3] xvii. 801) {v. Anti* 
thermin). 

ACETOPUEPURINE V . Azo- ooloubing 

MATTERS. 

ACETOPYRINE or ACOPYRINE. A com- 
bination of phenyl-dimethyl pyrazolone (anti- 
pyrine) and acetyl salicylio acid. 

ACETOSAl. or ACETY5AL. Syn. for acetyl 
salicylic acid. 

ACETO-p TOLUlDIDE is ob^sdaed by the 
action of acetic acid upon toluidine. Mdts at 
163° and boils at 307°. 

4 AGETQZONE. Mixture of aeetyibenzoyl 

e 



AOSmBNU.^ 

• * 


C H *CO 

peroxide Ideselguhr, used 

6A an antiaeptiot 

A CETPH iBKETIDENE v. Phenaoktht. 

ACETTLOHOLINE v. Eroot, Musoabike. 
ACETYL-l-NAPHTHYLAMINE- 6 - SULPHO 
NIC ACID is prepared by boiling a mixture of 

6 parts of l*naphthylamine*5*£ulphomc acid, 
glociil acetic aci^ acetic anhydride andrsodium 
acetate under a reflux condenser until a sample 
cannot be diazotised. The mixture is then 
heated so long as acetic acid and acetic anhydride 
distil over. 

ACETYL-1 : 4 NAPHTHYLENEDIAMINE-6 - 
SULPHDNIC ACID is obtained by adding mono- 
acetyl 1 : 4 naphthylenediamine sulphate to 
fuming sulphuric acid containing 20 p.o. SO#, 
warming to 40°-50° and pouring int^i ice-cold 
water. Or a mixture of l-naphthylamine-6 and 

7 - sulphonio acids (Cleve’s Acids) may be 
aoetylated with glacial acetic acid, distilling off 
the excess of acetic acid, dissolving the product 
in sulphuric acid and adding a cooled mixture of 
nitric and sulphuric acids. The mixture is 
diluted with cold water and the sodium salts 
of the nitro-acids precipitated by adding 
common sahi. The mixture of the nitro-acids 
is reduced by iron filings and acetic acid, made 
alkaline by sodium carbonate, filtered hot, 
slightly acidified ftnd the •! : 4-naphthylene- 
diamine-6-sulphonic acid precipitated. This 
is aoetylated by boiling with a mixture of 
acetic acid and sodium acetate (I.»evin8tein, 
Eng. Pat. 12119 (1898); Cassella and Co. O.E.P. 
116922). Used in making Diaminogen blues. 
(Cain, ‘ Intermediate Products for Dyes.’) 
Cf. NiPHTHALENE. 

ACETYL - p - PHENYLENEDIAMINE 

■ aminp acetanilide) 
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NHCO'CH, 


is prepared by reducing p-nitroacetanilido with 
iron filings and acetic acid at 60'’, rendering the 
solution alkaline with sodium carbonate and 
adding common salt and hydrochloric acid 
when the hydrochloride of acetyl-p-phenylenc 
diamine crystallises out (Grandmougin, Rev. 
prod. chim. 1917, 20, 260). Acetyl -p-phenylene- 
diamine melts at 162*5°. 

ACETYLENE CaH# is the first member of 
the series of unsaturated aliphatic hydrocarbons 
to which it gives its name, and having the 
general formula : . #. This formula also 

applies to the dial^lenes the difference being 
that members of the acetylene Series are 
charaett rised by the presence of one triple 
linkage whilst the dialkylenes possess two' 
double linkages : — 

CHiCH CHiCCH# CHaC'CCH* 
Acetylene Propine (OpB*) Buttne'lC.HJ 
(OjHj), (or Methyl acetylene (Dimethyl acetylene 
or AUylene). or Oiotonyleno.) 

Md . CHj-CjCH, oh, ; CH CH : CH, 
Propadlene (CgH^. Butadiene (C4H«). 
The (Ralkylenes will not therefore be considered 
in this section. {See SY^THBT^iO Rubber, lao- 
BRBNE, Butadiene.) 

i)rof?kenc?«<#re.— According to the Geneva 
sy^m acetylene is to be termed Ethine, the 
endmg -ine being the systematic termination for 
^liwabers m the acetylene series, thus : propijie, 


bating etc. In praotioe» however, the original 
name acetylene is always used as being w^ 
established and unlikely to cause confusm. 
With the exception of allyl^e OsH«, and dro- 
tonykne G4H4, higher members of the series pre 
usualy named as substituted acetylenes, e.g. 
metlpl-acetylene, dimethyl-aoetylwie, isc^ropyl- 
acetvlene, phenyl-Aetylene, &o. 

kifitorical. — Acet^plene was first observed by 
Edmund Davy as a gas produced on treating 
with water the impure residues obtained in the 
preparation of potassium (Brit. Assoc. Rep. 
1836, p, 62 : Annalesi^ 23, 144). The first sys- 
tematic examination of the gas was made W 
BertheIot»((’ompt. rend 5f, 640 ; Annalen, 123, 
212 ; Ann. Chim. Phys. [7] 23, 444 ; [81 6, 182), 
who examined the composition and properties 
of acetylene^ and showed its production in many 
pyrochemical processes. 

Of particular interest to the technical 
chemist is the discovery by Wohler, in 1862 
(Annalen, 124, 220), that a^’etylene is produced 
by treating calcium carbide with water, a 
discovery that served thirty years later os the 
starting "point for tlie whole acetylene industry 
when it was shown by Willson, in 1892, that 
calcium carbide could be produced on a large 
scale and in fairly pure condition in the eleotno 
furnace. For more than a decade after tljfe 
introduction of calcium carbide on a commercial 
scale, the chief interest in the subject lay in the 
direction of the utilisation of the gas for illu- 
minating purposes, as it was widely believed that 
the pure white light of acetylene, and its con- 
venience of manufactui:p in small quantities, 
would soon cause it to oust coal-gas from the 
field to a great extent. This expectation haa 
not been mlfilled, though acetylene gsontimiefl 
to be of great uSb for various purposes such as 
flares, &«. The next stage vfas the use of the 
oxy-acetylene flame for the ‘ autogenous 
welding ’ of iron, an industry that to-day 
utilises a considerable amount of the gas. In 
the first decade of the present century attempts 
were made to effect the chemical utilisation of 
acetylene in varifwas ways, chiefly by the addition 
of chlorine and the formation of various chlorine 
derivatives of different boiling-points which are 
suitable as solvents for many purposes and 
serve to replace inflammable materials such as 
benzene, gasoline, and so on, for dry-cleaning, 
fat-cxtraction, &c. On these lines much usefu 
work has been done in this country by Tomp- 
kins, and by the Clayton Aniline Company, and 
abroad by the Chemischo Fa^rik Griesheim- 
Elektron, and the C'Onsortium fiir elektro- 
chemische Industrie G.m.b.H. Lastly, sinoe 
1910, it has been found possible to produce 
j^cetaldehydo direct from acetylene on a technical 
Hscalo by the use of mercury salts as catalysts, 
with the result that progress in this field has 
been remarkably rapid, and the production of 
such diverse substances as alcohol, acetic acid, 
acetic anhydride, and acetone from acetylene 
on a commercial scale is already an accomplished 
fart which may have vast economic consequences. 
{See Acetaldehyde.) 

" 'Production'.w^i) By ihe direct union of 
carlyDn and hydrogen in the electric 

^ 2C+H.«C,H4 

(Ber^ielot, Compt. rend. ^,^40^ Annal^i, 123» 
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212 ; Ann. Chim. Phvs. [7] 23, 444 ; [8] ^ 182 ; 
Bone and Jerdan, Chem. Soc. Trans. 71, 41 ; 
79g 1042 ; Prin^ a^d Hutton, Chem. Soc. Trana. 
89, 1600; V, Wartenberg, Zeitsch. angew. 
<mom. 62, 310.) # 

(2) From ethylene dibr.omide or dichlorlle by 
the action of alcoholic potash, with the (inter- 
mediate formation of vinyl dhloride or bromide : 

CHjBr-CHgBr-HBi* = CHg : CHBr 
CH, ; CHBr-HBr = OH i CH 

(Sawitsoh, Compt. rend. 62, 167 ; Miasnikow, 
Annalen, 118, 330; de,, Wilde, Ber. 7, 352 ; 
Sabahejew, Annalen, 178. 109 ; Zeiael, Annalen, 
191, 368 ; de Forcrand, Compt. rend. »104, 697 ; 
Mouneyrat, Bull. Soc. chim. [3] 19, 184; 
Meunier and Despapnent, Compt. rend. 144, 
273 ; Bull. Soc. chim. [4] 1, 342. ‘ 

(3) By treating various halogen compounds 
unth metals, e.g. by treating tetrachlorethane 
with metallic zinc : 

CHCl2-CHCl242Zn - CH ;.CH+2Zn01j 

(Sabanejew, Annalen, 21G, 252), or by the 
action of silver, copper, or zinc dust on iodo- 
form, or by the action of the copper-zinc couple 
on bromoiorm (CazeneuvQ, Compt. rend. 97, 
y)71 ; 113, 1054). 

(4) By electrolysis of unsaturated carboxylic 
acids, such as fumaric^or maleic acid : 

CHCOOH CH 

Ih-COOH ~ 

(Anode) (Kathode) 

(KekuU, Annalen, 131, 86). 

(6) From acetylene mono- or Hi-carboxylic 
cuKds: 9 

C,(COpH)a - 02112^-200, 

(Lessen, Annalen, 272, 140). {Of., however, 
Vanzetti and Fasoli, Gazz. chim. ital. 46, i. 49.) 

(6) From propargyl aldehyde by the action 
of alkali : 

CH;C-CHO-fNaOH = OHjOH-f H-OOONa 
(Olaisen, Ber. 31, 1023). 

(7) By decomposition of various complex 
organic substances ; e.g, brom-oyclo butene 
(cjr. Knorr and Matthes, Ber. 32, 740 ; Will- 
statter and v. Schmaodel, Ber. 38,* 1994 ; 
Gabriel, Ber. 38, 2406.) 

(8) From copper acelylide by the action of 
aqueouf potassium cyanide (Baoyer, Ber. 18, 
2273 ; cj. also Zeisel, Annalen, 191, 368 ; 
Romer, AnnaleSi, 233, 182 ; Noyes and Tucker, 
Amer. Ohera. J. 19, 123). This method is 
stated to yield extremely pure acetylene : if< 
hydrochloric acid be used instead of potassium 
cyanide, the gas is not so pure and possibly, 
contains traces of vinyl chloride. 

(9) By the action of water on calcium carbide : 

Ca02-i-H2O=Ga(OH),+GaH, 
Strontium and barium carbides act similarly. 
(Wohler, Annalen, 124, 220; Travers, Chem. 
Soc, Proo. 1893, 15 ; Maquenne, Compt. reiid. 
116, 668 ; Moissan, BuU. Soc. chim. [3] 11, 1007 ; 
Lewes, J. Soc. Chem. Ind. 16,<38 ; Clowes, ibid. 
209, 819 Wilson, ibid. 16, 103; Lqnke, 
Elektr. Chem, Zeit. 1896, 146 ; Wyatt, J. Boo. 
Chem. iid. 14, 136, 796 ; 20, 109»; BamWger, 
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far the most convenient and practicable method 
for the production of acetylene, and is invariably 
used for the commercial production of the gas. 

A convenient laboratory fiiethod for the 
production of acetylene is to cover calcium 
carbide with absolute alcohol and to add water 
drop by drop (Matthews, J. Amer. Chem. 
Soc. 22. 106). 

Foi* the technical production of acetylene 
and its use as an illuminant, see Acetylene — 
Commercial Applications. 

Details as to the British Patents dealing 
with the subject will be found in the Patent 
Oflice Abridgement Lists, Class 2, (1866-1909) 
and Class 2 (i) (1910-1916). 

Acetylene is produced in the incomplete 
combustion of various gases such as coal-gas, 
for instance, when a Bunsen burner * strikes 
back.’ The view, however, that the accompany- 
ing unpleasant odour is due to the acetylene is 
incorrect. {Of. Meyer and Jacobson, Lehrbuch 
der organ. Chemie. 2nd odn., I. 1, p. 853, note 2.) 

It is also produced by passing methane or 
natural gas through incandescent carbon 
(Knapp, 1J.8. Pat. 1023783). 

The chief objection to acetylene produced 
from calcium carbide is the fact th^ji the various 
impurities present in the carbide, such as calcium 
sulphide, phosphide, etc., evolve the corre- 
sponding hyd^iae6^, on treat* lent with water, so 
causing the acetylene produced to be contami- 
nated with various small amounts of gases sucli 
as ammonia, phosphine, sulphuretted hydrogen, 
arsine, in addition to other hydrocarbons, 
carbon monoxide, hydrogen, nitrogen and 
oxygen. 

Phosphine is probably the most serious 
impurity from the chemical as well os the 
physiological point of view. 

A method of producing odourless acetylene 
has been patented by S. Jde (Jap. Pat. 30209, 
1916), consisting in carbonising calcareous 
materials which contain phosphorus, sulphur, 
etc., as impurities, in the electric furnace, 
spraying with water, whereby the impurities 
escape in gaseous form, and then using the pure 
lime so produced for the manufacture of carbide 
in the usual way ; this method would, however, 
probably be too costly to be of much use, and in 
practice the crude acetylene can be satisfactorily 
cleared of all its active impurities by suitable 
purification such as scruboing with various 
liquids — for instance, acidified copper sulphate 
solution, chromic acid in acetic or sulphuric acid 
— or with lime, lead or mercury salts, bleaching 
powder, ^gc. 

(Clowes, J. Soc. Chem. Ind. 16, 209, 319; 
Lunstroem, Chem. Zeit. 23, 180 ; Berg6 and 
Rqychler, Bull. Soc. chim, |3] 17, 218 ; Gottig, 
Ber. 32, 1879 ; Rossel and Landrisset, Zeitsen. 
angew. Chem_ 1901, 77 ; Caro, J. Soc. Chem. 
Ind. 22, 17 ; e 3, 15 ; Ullmann and Goldberg, 
Chem, Zentr. 1899, ii. 19 ; Pfeifer, J. f. Gaabd, 
44, 648; Jaubert, J. Soc. Chem. Ind. 24, 116; 
Willgerodt, Ber. 28, 2107 ; Hoffmeister, Zeitsch. 
anorg. Chem. 48, 137 ; Matthews, J. Amer. 
Chem. Soo. 22, 106; Ditz, D,R.P. 162324; 
Lunge and Cedercreut/, Zeitsch. angew. Chem. 
1897, 651 ; J. Soo. Chem. Ind. 16^37 ; 24, 1294 ; 
27, 798; Wolff, J. f. Gasbel. 1898, 41, 683. 
Full details regarding British Patents dealing 
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found in the Patent Office ‘ Fifty Year Subject Ind.^ng. Chem. 6 , 116), the solvent Mwer of 
Index, 1860-1910,’ Class 2 (i).) organic solvents appearing in general to be 

Properfies.-j-Acetylene is a colourless gas associated with the presence of a carbonyl 
having, in a pure state, a pleasant ethereal group and low molecular weight. *' 

odour (Grehaut, Berthelot and Moissan, Acetylene is an endothermic compo^d, 
Compt. rend. '121, 664), which is, however, bein| formed from its elementa with an absorp- 
usually disguised by the presence of foetid tioi| of approximatfly 60 Cals, As a conse- 
smelling impurities (Zeisd, Anna^, 191, quence both the %as and the liquid ore highly 
368 ; Romer, Annalen, 233, 182 ; Noyes and explosive, particularly under pressure, for 
Ticker, Amer. Chem. Jour. 19, 123). It wmch reason solvents are used for storage, as 
solidifies in liquid air to a crystalline mass noted above. {Of. Maquenne, Compt. rend. 121, 
which can be burnt like a candle (Ladenburg, 424 ; Berthelot and Vieille, Compt. rend. 123, 
Ber. 31, 1968). At the ordinary pressure its 523; 124, 988, 996# ^900; 128, 777 ; Ann. Chim. 
melting-point ( — Sl^’) is higher than its boiling Phys. 11, 6 ; 17, 303 ; Claude, Compt. rend. 128, 
point f — 82*4°) (Ladenburg and Krdgel, Ber. 32, 303 ; Berthelot and Le BhateUer, Compt. rend. 
1821 ; 33, 638 ; Hunter, Chem. Zentr. 1906, ii 129, 427 ; Ann. Chim. Phys. 20, 1|; Mixter, 
486). McIntosh and Maass give the melting Chem. Zentr. 1900, 1, 604 ; ii. 1007" ; Chem. 
point as —81 * 6 °, sublimation point —83*6°, and Ind. 20 , 5'^). 

Doiling-point — 88 - 6 ° (J. Phys. Chem. 11,306; The molecular heat of combustion is ^12*9 
J. Amer. Chem. Soo. 36, 737) ; —84*0° Burrell Calories at constant pressure. (For other 
and Robertson. Its critical iomporaturo is thermal properties see also Berthelot, Compt, 
37*06° (Ansdell, Proo. Roy. Soo. 29, 209; rend. 82, 24 ; Ann. Chim. Phys. [ 6 ] 9, 166 ; 13, 
Heilbronn, Zeitsch. physical. Chem. 7, 604) or 14 ; 23, 180 ; Berthelot and Matignon, Ann. 
36*6° (McIntosh, ibid.) ; its critical pressure Chim. Phys. [ 6 ] 30, 666 ; Maneuvrier and 
67-68 atm. (Leduc, Ann. Chim. Phys. [7] 15. Fournier, Compt. rend. 124, 183 ; Mixter, Chem. 
87) or 61*6 atm. (McIntosh, i 6 id.) and its critical Zentr. 1901, ii. 1250; 1906, ii. 98; 1906, ii. 
volume SSiiP.c. (McIntosh, tbid.). Cardosa and 414 Thomsen, Zeitsch. physical. Chem. 52, 
Baume give the critical temperature as 36*6° 340).' 

and the critical pressure as 61*5 atm. (Compt. Acetylene when pure has no action on metRls 
rend. 151, 141). €i’or othe% physical constants (Clowes, J. Soo. Chem. Jnd. 16, 109; Moissan, 
of solid and liquid acetylene, see McIntosh, Compt. rend. 124, 666), but ordinary acetylene 
*6 id. readily attacks copper owing to the presence of 

Liquid acetylene is a mobile fluid of sp.gr. impurities which facilitate the formation of 
0‘461 at 0° C. (Cailletet, Compt. rend. 85, 851 ; explosive copper aoetyUde (Scheiber and 
Ansdell, Jahresbericht d. Chem. 1879, 68) or Reckleben, Chem. Zeit. 89, 42 ; 40, 326). 
0*73 at —76° (McIntosh, ibid,). It has a Wgh Nickel and tin in particular are little attacked, 
elcctrioal resistance which is not appreciably by acetylene, and it is suggested by Scheiber and 
altered by the addition of alcohol, ether, halogen Recldeben that metals exposed to tb# action of 
hydride, etc. (McIntosh, ibid,), acetylene shouW be coated with one of these 

Acetylene is readily solftble in many organic metals. It is non-poisonous fia small quantities, 
solvents ; thus at 18° cliloroforra and benzene but may produce asphyxiation when more than 
absorb about four times their volume, acetic 40 p.c. is present (Clowes, l.c . ; Korda, Mon. 
acid and alcohol about six times their volume Sci. 46, 409 ; Mosso and Ottolenghi, Ann. di. 
(Berthelot, Ann. ('him. Phys. [4] 9,425; Garelli Chim. e. cli. Farmacol. 26, 163; Vitali, Chem. 
and Falciola, Atti d. Reale Accad. dei Lineei Zentr. 1898, ii. 686 ; Moissan, l.c. ; Grehaut, 
[6 1 13, i, 110). It is extremely soluble in acetone Compt. rend, i%X, 664 ; Berthelot, Compt. rend, 
(Claude and Hess, Compt. rend. 124, 026; 121, 666 ; Brociner, itid. 121, 773 ; J. Soc. Chem. 
Claude, Compt. rend. 128, 303) which absorbs Iftd. 16, 319 ; Rosemann, Chem. Zentr. 1896, 
twenty.five times its volume of the gas at ii. 998 ; Bettinck, Pharm. Weekblad, 64, 413). 
15° C. and 760 mm., and under 12 atm. takes up It has also distinct action on plants (Grafe and 
300 volumes, whilst at —80° it absorbs more Richter, Botan. Zentr. 119, 423). 
than 2000 volumes acetylene, which would Acetylene explodes very violently when 
seem to point to acetone and liquid acetylene mixed with oxygen or air in any p];6portion 
being miscible in all proportions. According from 3-82 p.o., but the explosiveness is reduced 
to McIntosh {mpra), crystalline compounds by admixture with inert gasesJMeyer, Ber. 27, 
are formed. This property of aedtone is of 2764; Le Chatelier, Compt. rend. 121, 1144; 
great technical importance in the storage o^ Grehaut, Compt. rend. 122, 832 ; Berthelot and 
d^olved aoetylena for iUuminating purposes. Vielle, ibid. 123, 623 ; Bone and Cain, Chem. 
(Aec Aoetylbne-^ommbroial ApPLiCATicms.) Soc. Proo. 1896, 176 ; Clowes, J. Soc. Chem. 
(Berthelot and Vieille, Compt. rend. 123, 623 ; Ind. 16, 90, 418, 701, 891 ; Bundt, Ber. 31, 6 ; 
m, 966, 988, 996, 1000 ; Wolff, /eitsch. angew. Clowes, Chem. Soo. Proo. 1896, 413 ; Berthelot 
» Caro, J. Soc. Chem. Ind. 26, and Vielle, Compt. rend. 128, 177 ; cf. also 
^ X XI Delepine, 8th Intern. Congr. Appl. Chem. 4, 26, 

In water the gas is sparingly soluble, about and J. Gasbcl, 67, 66), 

1 p.o. by volume at 12° and 756 mm. being It has been proposed to use acetylene as an 
f^ken up ; it forms a hydrate C 2 H 2 -f 6 HgO explosive for bringing down material, e.g., coal 
(Vmrd, Compt. rend. 120 , 1262). 'The solu* in large pieces (Sprengstoffe, Waffen und Muni- 
bility IS lower^ by the addition of salt (Claude tion, 9 , 41). • • 

and Hess, i%.). Acetaldehyde has also been ,With ozone acetylene is violently decom* 
suggested as a solvent or ^uent for aceWlene posed (Otto, Ann. Chim. Phys. 13, 166 ), 
as It di^ves its weight of the gas (James ^rogeneHk CondensolioiMu— On heating aoety- 

and Watson, U.S. Pat. 928867 ; James^ J. lene it undergoes variou^ condensations which 
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are of great importance, particularly ix^ con- 
nection with the theory of gas manufacture. 

3©rthelot foun^J (Jahresbericht f. Chem. 
1866, 616 ; Ann. Chim. Phys. [4] 9, 446, 469) 
tli»t on leaving acetylene for a time in a|wla8s 
tube heated to its Boftennjg point, a mixtir e of 
solid and liquid hydrocarbons was fornie|l in 
which benzene predominated t— 

CH • CH 

// / \ 

CH CH CH CH 

■CH ilk ck 

• \ / . 

CH CH 

{cf. also Haber, Bor. 29, 2691). It therefore 
appears probable that the forolation and 
pol 3 nnerisation of acetylene play an important 
part in the production of aromatic hydrocarbons 
in the manufacture of coal-gas (V. B. Lewes, 
Proc. Roy. Soo. 66, 90 ; 67, 394). R. Meyer 
and his co-workers have found that on passing j 
acetylene through a tube suitably heated in an 
electric furnace large quantities of tarry products 
are produced, and os a result of collecting 
several kilos of tar they were able to isolate and 
i(jpntify some 23 products identical with those 
occurring in ordinary gas- tar, over 20 p.c. 
being benzene (R. M(^er and others, Ber. 46, 
1609 ; 46, 3183 ; 47, 2766 ; 50, 422 ; 51, 1671). 
Bone and Coward, however, take a dilTerent 
view, holding that the main gaseous product 
at high temperatures must be methane which 
may ^sociate into free radicals, CH | and Cllj : 
‘which condense together in various ways as 
the gases cool down (Chera. Soo. Trans. 93-4, 
1197). • ^ 

Por a very complete discussion of the subject 
see ‘ The Pyrogenesis of Hydrocarbons,’ 
Part L, E. Lawson Lomax ; Part 11. , A. E. 
Dunstan and P. B. Thole, Journ. Ind, and Eng. 
Chem. 1917, 879, 888 ; Journ. Inst. Petroleum 
Technologists, 3, 36-120. A comprehensive 
bibliography is given in the articles. 

At temperatures above 800® or so, acetylene 
is completely decomposed into hydrogen and 
free carbon, possibly with the intermediate 
formation of methane : 

2CaHj=3C+0H,-4C-f2H, 

(Cf. Bone and Coward, l.c.) 

This method has been patented for the 
production of pure hydrogen, the finely divided 
carbon so proiiuced having a considerable 
commercial value as accifflene black [cf. J. 
Soo. Chem. Ind. 178, 711; 18, 284; 20, 955; , 
Depierre, ibid. 20, 890 ; Frank, Zoitech. angew. 
Chem. 1905, 1733). 

ThusMorehead (U.S. Pat. 986489) claims a* 
process for dissociating acetylene by passing it 
suddenly into a chamber heated to at least dull 
redness. Before the war the Carbonium Co., 
at Priedrichshaven, had a factory in which 
compressed acetylene was decomposed by means 
of electriolty into acetylene black and hydrogen, 
the latter lieing used for the Zeppelin airships ; 
it is improbable, however, that tho process can 
compete with other methods fqr the production 
of oneap hydrogen such as the Messerschmidt 
process %r the Bronk-Caro method 
OBoom). 


Pictet (Eng. Pat. 21266, 1910) claims the pro- 
duction of hydrogen and carbon from acetylene 
by allowing it to flow into an*extemally heated 
chamber to be there heated until dissociation 
takes plaoC, that part of the conduit through 
which the constituents pass ibeing cooled so 
as to absorb the excessive heat produced by 
the rea^ion. 

AcetVlene bums with a very smoky but 
brilliantly white flame which can be modified 
by mixing carbon dioxide with the gas, the 
intensity varying with the concentration of the 
latter (Alvisi, Ann. chim. applicata, 6, 118). 
When submitted to the action of an eleotrio 
discharge at ordinary pressure variowa con- 
densation products are fomed (cf. Berthelot, 
Bull. Soc. chim. [3] 4, 480 ; Jackson and 
Laurie, Chera. Soc. Proc. 1906, 166 ; Losanitsch, 
Monatsh. 29, 763 ; Javitschitsch, ibid, 29, 1 ; 
29, 6 ; Coehn, Zoit, f, Elcktr. 7, 681 ; Billitzer, 
Monatsh, 23, 199 ; Schutzenborger, Compt. 
rend. 110, 889). 

Owing to its unsaturated nature acetylene 
readily enters into reactions to form addition 
products. It adds on hydrogen to form 
ethylene and ethane : 


C^H.+ H.^CaH, 
C,H,-f2H,=C2H« 


This is most effectively perlr'^rmed with the aid 
of nascent hydrogen in the presence of a catalyst. 
Thus Lane (Eng. Pal. 10724, 1911) claims the 
synthesis of ethylene from acetylene and 
hydrogen by passing them over a heated 
catalyst contained in a scries of tubes. (Of. 
also Attorbury, Eng. Pat. 2961, 1898 ; Wideen, 
Eng. Pal. 9340, 1903; Bouchard-Praceiq, 
Eng. Pal. 6075, 1905.) Karo (D. R. P. 253160) 
claims the production of ethylene from 
acetylene and liydrOgon using as a catalyst a 
mixture of at least one metal of the palladium 
or platinum group with at least one metal of 
the following series : iron, nickel, cobalt, 
copper, silver, magnesium, zinc, cadmium, or 
aluminium. 

B. E. Eldred and G. Mersereau (U.S. Pat. 
J 308777) also put forward somewhat similar 
claims, the catalyst used being nickel or pal- 
ladium on a carrier of coke, asbestos, pumice, 
etc. ; to prevent the action becoming too ener- 
getic the gas mixture is diluted with J to its 
volume of carbon dioxide or ethane. 

According to Paal and his co-workers acety- 
lene is readily reduced to ethylene and ethane 
by hydi’ogen in the presence of colloidal platinum 
or palladium ; in presence of palladium practi- 
fCally pure ethylene can be obtained, the reduction 
being step-wise ; in pregence of platinum 
36-^0 p.c. of ethane is produced simultaneously 
(Ber. ’43, 2684, 2692; 48, 276, 1196, 1202; 
46, 128 ; Ghen^ Zeit. 36, 60. Cf. also de Wilde, 
7, 363 ; Sabatier and Senflerens, Compt. rend. 
130, 1669, 1628, 1761 ; 131, 40, 187, 267 ; BuU. 
Soc. chim. [3] 26, 678). , 

W. Traube and W. Passarge (Ber. 49, 1692) 
describe the reduction of acetylene directly to 
ethylene by means of an aqueojiB solution of 
chromous chloride ; the same result is obtained 
if powdered zinc, diluted hydrocUorio acid and 
a small quantity of chromous chloride be used. 
No ethane aj^ear^ to be produced under snob 
conditions. The reaction may be canied out 





under pressure (D. B. P. 287586; U.S. Pat. 
1179061). 

When passed various metallic catalysts 
such as finely i^uoed nickel, copper, cobalt or 
iron, a mixture of acetylene and hydrogen may 
yield various liquid hydrocarbons as well as 
ethylene and ethane : in particular .copper 
yields a greenish hydrocarbon, ‘ Cupreim * {q.v.) 
(C;H,)k, as also does nickel (Sabatier and 
Senderens, Compt. rend. 128, 1173; 130, 250, 
1559, 1028 ; 131, 187 ; Moreau, ibid. 122, 7240 ; 
Alexander, Ber. 32, 2381 ; Erdmanh and 
Kothner, Zeitsoh. angew. Chem. 18, 49 ; Gooch 
and Baldwin, ibid. 22, 236). 

Bypassing acetylene over the kathode of 
alkaline lye undergoing electrolysis ethylene and 
ethane are formed (Billitzer, Monatsh. 23, 199). 

With fuming sulphuric acid acetylene rives 
a sulphonic acid, the potassium salt of which, 
(C 8 Ha) 3 -(S 04 KH) 4 , yields phenol on fusion with 
otasu and distilling the product (Berthelot, 
ompt. rend. 127, 908 ; 128, 333 ; Ann. (’him. Phys. 
[7 1 17, 289 ; Schroeter, Ber. 31, 2189 ; Muthraann, 
Ber. 31, 1880). If 60 p.c. fuming sulphuric acid 
be used the chief product is acetaldchydr 
diaulphonic acid : 

CH :CH+^Hg804=(S03H)2-CH-CH0+H20 

(Schroeter, Muthmann, l.c.). Atterbury (Eng. 
Pat. 1208, 1898) ollims the jtodiiction of vinyl 
alcohol by passing acetylene into hot strong 
sulphuric acid. 

When led into fused alkali at 220® acetylene 
is completely absorbed and hydrogen is liberated. 
The reaction product on treatment with water 
ives alkali acetate. A 00 p.c. yield is claimed 
ut the process hardly seems of commercial 
value (Feuohter, Chem. Zeit. 38, 273). It reacts 
with hypochlorous acid to give dichlor-acetalde- 
hyde, 


it 

property hiM of recent years given rise 
to many important developments, as aoetolde- 
hyde can be readily oonvertefi into most diverse 
substances such as alcohol, acetic acid, acetone, 
buta^ene and so syntherio rubber, etc. (jper 
furt%r details see A^bhydb.). 

When mixed wits gases such as ammonia, 
sulphuretted hydr(^en, &o., and passed through 
heated tubes, van&us condensation products 
are formed identical with those occurring in 
coal-tar, such as pyridine, pyrrole, ^inoline, 
thiophene, j&o. (Meyer and Tanzen, Ber. 46, 
3183 ; Meyer ands .Wesche, Ber. 60, 422 ; 
Tsohitschibabin, J. Russ. Phys. Ghem. Soc. 47. 
702), whilst a 60 p.o. •yield of acetonitrile 
uuder certain conditions is claimed by the 
Chem. Eab. Rhenania (E. P. 109983). 

According to G. Capellen (Amer. Chem. 
Abstr. 2, 1602) and 0. de Coninok (Bull. aoad. 
roy. Belg. 1908, 303) thiophene is not producible 
direct from acetylene and sulphur ; a good 
yield, however, of thiophene can De obtained by 
passing acetylene over pyrites heated to 280®- 
310® (Steinkopf and Kirchhoff, Annalen, 403, 
1 ; D. R. P. 252375 ; Fr. Pat. 446136 ; Austr. P. 
72291, 1916 ; Eng. Pat. 16810, 1912). Tschitsohi- 
babin-(f.c.) claims to obtain a purer poduob 
from sulphuretted hydrogen than by Stemkopf s 
method. • 

According to the Chemisohe Fabrik Rhenania 
(Eng. Pat. 109983) thiophene is. produced also 
by passing acetylene mixed with sulphuretted 
hydrogen over nickel hydroxide mixed with 
cement, or better over partially reduced bauxite. 

On treating acetylene with hydroeyanio 
acid {e.q. by treatmg powdered calcium carbide 
and potassium cyanide with dilute sulphuric 
acid and evaporating the residue)»a 6 f.o. 
yield of BucciniS acid is obtained, pointing to 
the intermediate formation of*sucoinic nitrile ; 


CaHj-f HOlO = CH01a-CH(OH)3 

-CHCla’CHO+HaO 
(Wittorf. Chem. Zentr. 1900, ii. 29). 

With nitric acid nitrofonn and various 
complex nitrogenated substances are produced 
including an explosive substance 
m.p. 78® (Tustom and Mascarolli, Gazz. chim. 
ital. 31, i. 461 ; Mascarelli, ibid. 33, ii. 319). 

According to K. J. P. Orton (Eng. Pat. 
126000) a good yield of totranitromethano may 
be obtained from acetylene and nitric acid by 
passing the gas into 90 p.c. to 97 p.c. acid, 
preferably in presence of a small quantity of 
mercury, at about 40® adding suljj^urio acid 
and then distilling off the tetranitromethane 
formed. i 

Water forms ail addition product at low 
tenmeratnres and under pressure, of the fornfula 
CgHji'GHaO (Villard, Compt. rend. 120, 1262; 
Ann. Chim. Phys. [7] 10, 396 ; Ilf 300 ; Bcrthe- 
lot, Compt. rend. 128, 336 ; Ann. Chim. Phys. 
[7] 17, 297 ; Forcrand and Thomas, Compt. 
rend. 125, 109)- It does not, however, combine 
directly to form acetaldehyde except 
m the presence of catalysts such as salts of 
oadmium, magnesium, zinc, and especially i 
meromy (Ku^herow, Ber. 14, 1540 ; 17, 13 ; i 
42, 2759 ; Erdmann and Kothner, Zeitsch. 
angew, Chem. 18, 48) ; , 

GHiCH+HOH»OH,:CH(OH) CH. tiUO 


CjHj+2HCN = (CHjCN), -» (CH.'COOH), 
(E. Comanducoi, Chem. Zeit. 35, 383). 

Heinemann (Eng. Pat. 12366, 1913 ; Fr. Pat. 
468,397; U.S. Pat. 1134677) describes the 
production of pyopylone by passing a mixture 
of acetylene and methane over heated contact 
substances : 

CHiCH+CH* = CHb’CH : CH, 
which can then be converted by circuitous routes 
into glycerine, acetone, &c. A yield of 70 p.o. 
is claimed using a catalyst consisting of platinum 
and copper, aluminium or magnesium on pumice 
at 100^-200®. 

By allowing acetone or itS> homologues to 
act upon the alkali compounds of Eicetylene, 
Z-m.dhyl-b'idenol or its homologues ore produced 
(Farbworko vorm Fr. Bayer, D. R. P. 286770) : 
^CH3)aCO-fCHa'CHNa (CH3)3C{OH)C:CH 
According to D. R. P. 280226 and 291186, the 
same result is obtained by allowing acetone and 
acetylene to interact in the presence of alkali 
alcoWates. (C/. also D. R. P. 284764, 286920, 
289800.) On reduction the product yiMds 
3-iaethyl butenol (D. R. P. 288271) : 

> . (CH^ljC(OH)CH ; CH 
whiph can then be dehydrated ^ 2-methri 
butadiene (isoprene) and pdymerued to 
synthetic ruMher. ^ • 

(Other possible modes oi obt^ing ^nthetio 
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rubber from acetylene are described by llreyfus 
in Eng. Pat. 17193, 1913 (void).) 

Compoiinda \mt^ metals and metallic salts, 

A characteristic property of acetylene and 
itb congeners is their ability to form active 
compounds and substitution products* with 
metals and metallic salt^ When heated^iwith 
sodium part of the hydrogen*is replaced yielding 
sodium acetylide and aarbide C^KNa and 
OjNaj (Matignon, Comj^. rend. 124, 775 ; 169, 
769 ; Skosarewsky, J. Kuss. Phys. Chem. Soc. 
36, 863 ; Moissan, ibid. 126, 302 ; de Forcrand, 
Bull. Soc. chim. [3] l^,* 996). The sodium 
compound reacts w^h \ilkyl iodides in liquid 
ammonia at —60° to*— 30° to form hemologues 
of the acetylene series (Lebeau and Picon, 
Compt, rend. 156, 1077 ; cf. also Moissan, tbid 
127, 913). 

Similar compounds are known with lithium, 
otassium, caesium and rubidium (Moissan, 
bmpt. rend. 122, 362; Gunz. ibid 126, 1866; 
Bull. Soc. chim, [3] 16, 756 ; Comjd. rend. 123, 
1273; Moissan, Compt. rend. 127, 911; 126, 
302 ; 137, 463 ; 136, 1217). 

Of particular interest are the compounds of 
acetylene with silver and copper which are 
formed on passing the gas through ammoniacal 
solutions or cuprous or silver salts ; the former 
compound is a brick-red precipitate of varying 
composition and is used as a test for the presence 
of the gas ; it appears to have the composition 
CugCaHjO to whicn Makowka gives the structure 
Cug*CHCHO (Ber. 41, 824). On heating 
gently it loses water yielding OugOa. Scheiber 
suggests the formulae : 

CH:C-Cu-Cu(OH), and C-Cu 

‘ \ . ik 

for the two compounds (Ber. 41, 3816 ; 
Scheiber and Rockleben, Ber. 44, 210). 

The silver compound has the formula 
CjA^jHjO or 0ssHa‘2Ag2O and forms a yellowish 
precipitate. Both the copper and silver 
compounds explode on heating {cf. Berthelot, 
Ann. Chim. Phys. [4] 9, 386 ; Blochmaiin, 
Annalen, 173, 174 ; Kuntzmann, Bull. Soc. 
chim. [3] 6, 422; Alexander, Ber. 32, 2381; 
Ilosva, ibid. 2097 ; Phillips, Amer. Chrm 
J. 16, 340 ; Scheiber and Flebbe, Ber. 41, 
3816; Makowka, Ber. 41, 824; Freund and 
Mai, Chem. Zeit. 1899, 1, 410 ; Berthelot, 
Compt. rend. 132, 1526 ; Reiser, Amer. Chem. 
J. 14, 286 ; Noyes and Tucker, Amer. Chem. J. 
19, 126 ; Kusiert, Zeitsch. angew. Chem. 34, 
453 ; Sdva, Cnem. Zeit. 36, 897 ; Reckleben 
and Scheiber, Chem. Zeit. 40, 325). , 

Acetylene also forms double compounds with 
salts of copper and silver some of which ara 
ex]dosive, e.g. CaHjCuaCL ; C2H,-2Cu,Cl2 ,* 
C,H|-3Cu 2C1, ; C2H3-2Ag20 ,* CuS 03 ' 2 CuaC 2 , 

and so on. {Cf, Chavastalon, Compt. rend. 
124, 1304 ; 126, 246 ; 126, 1810 ; 127, 68 ; 

130, 1634, 1764 ; 131, 48 ; 132, 1489 ; Hofmann 
ana Kiispert, Zeitsch. anorg. Chem. 15, 204 ; 
Soderbaum, Ber. 30, 760, 814 ; Willgerodt, Ber. 
28, 2107; Arth, Compt. rend. 124, 1534; 
Berthelot and Helbpine, Compt* srend. 129, 369 ; 
Nieuwland ^nd Maguire, Amqf. Chem. J.,28, 
1026 ; Edwards and Hoc^kinson, J. Soc. Chem. 
Ind. 29f 964 ; 24 495; BritisR Association 
Reports, 1904«; ^^nder, Ber. 32, 2381 ; 


Gooch and Baldwin, Zeitsch. anorg. Chem. 
22, 235 ; Reiser, l.c. ; Manchot, J. Soc. Chem. 
Ind. 30, 1302 ; Bhaduri, Zeitsc^. anorg. Chem. 
79, 366 ; 76, 419 ; Llorens, Analos Soc. Espan. 
6 b. quim. ii, 320.) 

The use of acetylene has been suggested as 
an analytical reagent for the separation of metals 
such al silver, copper, palladium, osmium, gold, 
and mircury (Soderbaum, Ber. 30, 760, 814, 
902, 3014 ; Erdmann and Makowka, Zeitsch. 
anal. Chem. 46, 128, 146 ; Scheiber, Ber. 41, 
3816 ; Scheiber and Reckleben, Ber. 44, 210 ; 
Llorens, Anales soc. Espan. fis. quim. 10, 139 ; 
11, 320; Weaver, J. Amer. Chem. Soc. 36, 
2462). • 

For the detection and estimation of acetylene 
use is made chiefly of ammoniacal cuprous 
chloride solution. Llorens {l.c.) recommends 
the use of test papers soaked in a solution of 
copper sulphate and sodium chloride decolorised 
with sodium bisulphite. Weaver (J. Amer. 
Chem. Soc. 38, 352) describes a colorimetric 
method of estimating acetylene. Schultze 
(Zeitsch. angew. Chem. 29, 1, 341) also describes 
a colorimetric method. (See also above refer- 
ences on use of acetylene as a reagent.) 

With aluminium chloride in tprosence of 
alcohol double compounds are formed 

AlCl3*2CaIIa-H20; 

AlCl3‘ft2H2'2EtaH ; 

AlClaCgHa-CHaOHTIaO 

(Ganghoff and Henderson, J. Amer. Chem. Soc. 
38, 1382 ; 39, 1420 ; cf, also Band, Chem. 
News, 81, 286). 

With magnesium bromide compounds are 
formed such as OH • CMgBr, (• CMgBrj), (Oddo, 
Atti R. Acad. Lincoi. 13, 187; Gaz. chim. ital. 
38, i. 626; Yocichi, J. Russ, Phys. Chem. Soc. 
38, 1040). 

Action on magnesium, see Novak (Ber. 42, 
4209) and Cottreir(J. Pliys. Chem. 18, 86). 

The compounds of acetylene with mercury 
and mercuric salts have been studied in some 
detail, and are of considerable importance in 
view of the use of mercury salts as catalysts for 
the conversion of acetylene into acetaldehyde. 
Mercuric acetylide lov carbide) itself, CgHg, is 
obtainable as a white very explosive precijiitate, 
by passing acetylene through Nessler solution 
(Reiser, Amer. Chem. J. 15, 635) ; on treatment 
with acids acetylene is evolved. A hydrate, 
3CaHg-HaO, is known also (Plimpton and 
Travers, Trans. Chem. Soc. 65, 226). A hydrate 
of mercuro-acetylide, CjjHgj’HaO, is formed as 
a grey precipitate on passing acetylene through 
an aqueous suspension of mercurous acetate in 
the dark (Burkard and Trjvers, Trans. Chem. 
So^. 81, 1270). Mercuric acetate solution 

yields a slimy white precipitate of 3CjHg'2HgO* 
2H2O (possibly 3C2Hg‘2Hg(OH)j), which is not 
explosive and yields acetaldehyde but no 
acetylene on treatment with acids (Burkard and 
Travers, l.c. ; Plimpton, Proc. Chem. Soc. 8, 
109). 

By the action of acetylene on aqueous mercuric 
chlondo solutidn an amorphous white preo^tate 
is formed to which the formula CjHg'HgCl, 
was first given (t.e. Bis-chlorme^ouri-acetylene 
ClHg-C;C'I^Cl), but which appears in redlity 
to be trimlorm*ercuri'acetaldenyde (CIHg)a; 
(Reiser, Amer. Chem. J. 16, 637; 
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Biginelli, Chem. Zentr. 1898, i. 926 ; Hofmann, 
Ber. 81, 2212, 2783; 32, 874; 37. 4460; 38, 
6^ ; Biltz and Mumm, Ber. 37, 4417 ; 38, 133 ; 
Annalen, 404, 2t9 ; Brame, Trans. Chem. Soc. 
87, 427). On heating an aqueous suspension 
of the compound it is decomposed yielding 
acetaldehyde in practically quantitative yield 
(Kutsoherow, Ber. 14, 1640 ; 17, 13 ; Ertmann 
and Koihner, Zeitsch. anorg. Chem. K, 48 ; 
cj. also Hofmann and others, supra ; B6hal. Ann. 
Ohim. Phys. fOl 16, 267). According to Hofmann 
the compound has the structure : 

ci-H^ a 

and Is formed bv the addition of two molecules 
HgCIg to one of HgCj ; it is then split up by 
water : 



(ClHg)j=C-C=CL+2HCl+H,0 

= 3HgCIa+CH,-CHO 

More recently Chapman and Jenkins have 
shown (Tran#. Chem. Soc, 116, 817) that on 
passing acetylene into a saturated solution of 
mercuric chloride in absolute alcohol a large 
yield of a white cryttalline a(idition product is 
obtained which is Ksadily soluble in other, 
benzene, and other organic solvents. It has the 
composition HgClg’CjHj, and mePs at 113® C. 
Chapman and Jenkins suggest its formula may 
be 

OlHg-CH ; CHCl or OlHC— CHCl 



and it seems probable that this body may be 
the tirst product formed during the action of 
acetylene upon aqueous solutions of niereuric 
salts. When passed into alcohol in the pre- 
sence of a mercury catalyst acetal is formed 
(v. A(3fcJTALS), and with anhydrous acetic acid 
ethylidene diacetate is formed which can be 
readily split up into aldehyde and acetic 
anhydride (i’. Acetals). (See also Hofmann 
and Kirmreuther, Ber. 41, 314 ; 42, 4232.) 

Acetddehyde is also formed to some extent 
by heating charcoal saturated with acetylene 
to 350® with water (Degrez, Ann. Chim. i^hys. 
[7] 3, 216). (For details .see Aldehyde.) 

Oxidising agents convert acetylene to acetic 
acid ; thus hyikogen peroxide (Cross, Bevan and 
Heiberg, Ber. 33, 2016) and fused caustic alkali 
(FeuchW, Chem. Zeit. 38, 273) yield acetic 
acid or its salts. 

Various procesifes have been patented, 
notably by the Farbwerke vorm. Fr, Bayer, Ho 
obtain acetic acid direct from aceWlene without 
isolating the acetaldehyde formei as an inter- 
mediate product. This process, described in 
tJ.S. Pat. 1128780, claims the production of 
acetic acid by treating acetylene with a mixture 
formed from mercuric oxide, hydrogen peroxide 
and amiLonium or potassium persulphate in 
10 to 30 p.o. sulphuric acid. IV. Pat. 467616, 
describing th^ same process, states that 10 8 
grams acetylene yield 24-25 grams pure acetio 
acid. Ft. Pat. 467778 (D. R P. 293011 ; D.S, 
Pat. 1159376) describes an electrolytic process 

t 


using 30 p.o. sulphuric acid containing about 
1-2 p.c. of a meromy salt at 30® to 40®, with a 
divided cell using a lead or copper cathode and 
oxidising the acetylene at th6 j^atinum anode ; 
using a current of 48*6 grams acetylene jpff 
hour Irith 100 amps. Jbe yield, is stated to be 
0*6 k|. acetic acid perjftre in 24 hours. 

different proaess is given by the Chem, 
Fabrjk Griosheim Elektron (Swiss Pat. 70162 ; 
Eng. Pat. 14113, 19^4), consisting in passing 
acetylene and oxygen alternately or simul- 
taneously into acetic or other organic acid con- 
taining waf^r to vjhlch a suitable mercury 
catalyst has been add^d- It does not appear, 
however, , to offer much Sidvantage over the 
methods involving the previous isdation of the 
acetaldehyde. 

t* 

Haloobn Derivatives. 

Iodine Compounds. — Acetylene unites with 
iodine somewhat slowly to form acetylene 
di-iodido (sym. diodoethylene) CgHsIs, which 
exists in two stereoisomerio forms, a solid, 
m.p. 73® (or 78® ?), b.p. 192® ; and a 
liquid form, m.p.— 21®, b.p. 186®, D,o=3’06 
(Bertliclot, Annalen, 132, 122 ; Sabanejew, 
Annalen, 178, 118 ; 216, 276 ; Plimpton, Trans. 
Chom. Soc. 41, 391 ; Patemo and Peratone:^^ 
Gazz. chim. ital. 19, 680 : 20, 670 ; Biltz, Ber. 
30, 1200, 1207 ; Nef, Annalen, 298, 341 ; de 
Chalmot, Amer. Cliem. J. 19, 877 ; Keiser, 
Amer. Chem. J. 21, 261 ; Erdmann, Ber. 38, 
237 ; Chavanne and Vos, Compt. rend. 158, 
1682). 

With alcoholic potash the liquid iwm yields 
acetylene and di-iodo-acetyhne C|Ia ; chlorine 
converts it into the tetrachlor (^rivati’jjB. 
Keiser and McMa^ter have shown (Amer. Chem. 
J. 46, 618) that the solid forn# can be mode to 
yield fumaric acid and therefore has the tran« 
form, whilst the liquid cis form yields maleic 
acid. 

Di-iodo-acetylene 0,1* is formed on treatuoig 
calcium carbide with a solution of iodine in 
potassium iodide,^ tetraiodoethylene being also 
formed (Biltz, Ber. 30, 1200) ; or by the action of 
silver acetylide on an ethereal solution of iodine 
(Berend, Annalen, 135, 268 ; Boeyer, Ber. 18, 
2276). It can also be produced from tetra-iodo 
ethylene (Nef, Annalen, 298, 341 ; Schenk and 
Litzendorff, Ber, 37, 346) and from iodo- 
propiolic acid (Nef, Annalen, 308, 326). It is 
Best prepared by the method of Biltz (I.c.), 
leading acetylene into 2N caustic soda lye into 
which a solution of iodine in poflSssium iodide is 
allowed to drip. Thus obtained it is a white 
►amorphous precipitate which orystaUiseB in 
needles from ligroin, m.p. 82°. It is an evil- 
•melling substance with pronounced action on 
the mucous membrane ; it has strong anti- 
septic properties (Biltz and Kffppers, Ber. 
37, 4415; Mebert, Arohiv. f. expenm. Path., 
etc. 41, 114; Low, Chem. Zentr. 1899, 1, 214). 
The action of heat or actinic rays oonverta it 
into Cjjl*. With nitrous fumes it yields nitro- 
tri’iodo ethylene Cl, : CINO, (Meyer and Femsel, 
Ber. 29, 1411 ; Biltz and Werner, Ber. 30, 
1206; 33, 21^; Bfftz and Khpprs, l.e,; 
Chahnot, Amer. Ohem. J. 19, 877 ; Nor, Annalen, 
298, 202). ^ 

Mlfignmum acetyUne iodide is km^im and 

• • * 
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tamB a thick oily liquid (Yocifihi, J. Russ. Phya. 
Chem. Soc. 38, 1040). * 

BFOmhl« .Derivatives. Brm-acetylene 
CBrjCH is fonneti by the decomposition of 
e^yiene dibromide with alcoholic potash : 

CHBr:CHBr-H^r = CBr:CH | 

It condenses to a oolourles%liquid, b.p. about 
--2®. Both liquid and vapour are spontaneously 
inflammable. It bums with very great energy 
in air, partially carbonising and forming 
HBr, CO. and COj. Its solutions show phosphoi - 
escenoe and smell strongly like phosphorus. 
In daylight it polymeriseS, about 10 p.o. of the 
product being sym. eiiribrom-benzene (Reboul, 
Annalen, 125, 81 ; Schmelz and iBeilstein, 
Annalen, Spl. 3, 280 (1865) ; Sabanejew, Ber. 
18 ; Ref. 374 ; Nef, Annalen, 298, 356 ; 308, 
325 ; Gray, Trans. Chem. Soc. 71, 1029). 

Di-hrom-acetylene CBr j CBr, is formed by 
treating tribromethylone with alcohobc potash 
(Lemoult, Compt. rend. 130, 65 ; 137, 1333 ; 
Lawrie, Amer. Chem. J. 36, 490). It forms an 
oil insoluble in water, possessing an unpleasant 
Isonitrile odour, b.p. 76^-77°. It is very 
poisonous and is spontaneously inflammable. 
With bromine it forms letru-brcmethylene CaBr,, 
and with iodine it forms dibrom-diodoethylene 
BrC : CIg, m.p. 96°~96°. Acetylene itself reacts 
with bromine to form acetylene dibromide 
(dibromethylene) CHBr : CHBr, using dilute 
bromine solutions and keeping the acetylene in 
excess ; the product is a colourless liquid, 
b.p. 110°, Di 7=:2*271. It is also produced by 
the action of zinc and alcohol or amalgamated 
zinc on acetylene tetrabromide (Sabanejew, 
Annalen, 178, 116; 216, 251, 267; Ber. 18; 
Ref. 374 L Weger, Annalen, 221, 72 ; Anschutz, 
ibta. 221, 141 ; Moureau, Buli. Soc. chim. [31 
21, 99 ; Elbs and Newmann, J. pr. Chem [2] 
68, 246 ; S warts, Chem. Zentr. 1899, 1, 689 ; 
Gray, 71, 1023). Van de Welle (Bull. Soc. 
chim. Belg. 27, 209) has shown that acetylene 
dibromide prepared by the reduction mt'thod 
consists of a mixture of two isomers which can 
be separated by the fractional distillation of the 
binary mixtures with ethyl alcohol. The two 
forms have m.p. •— 6*6° and —63°, and the 
equilibrium mixture consists of about one part 
of the former and two parts of the latter. 

If aceWlene bo treated with excess of bromine 
thfr^ tetrabrom derivative is formed, CgHjBr^ 
(acetylene tetrabromide^ tetrabrom ethane) 
(Reboul, Annalen, 124, 269 ; Sabanejew, 
Annalen, 178, 112, 121 ; 216, 256 ; Bourjoin, 
Ann. Chim. Ph;^. [6] 4, 423 ; Anschutz, Annalen, 
221, 138 ; Wmzic, Ber. 16, 2891 ; Crossley, 
Proc. Chem. Soc. 14, 248 ; Hofmann end ' ' 
Kirmreuther, Ber. 41, 314 ; Elbs and Newman, 
J. jpr. Chem. [2] 68, 246 ; Muthmann, Zeitscha 
1 Kiystallographie, 30, 73). An unsymmetrical 
tetraorom ethane is also known (Lennox, 
Annalen, 122, 124 ; Sabanejew, Annalen, 216, 
256; Anschutz, Annalen, 221, 140). 

PetbrorU’ethylene CjBr. forms colourless 
ciystals of m.p. 66°, b.p. 226°-7°, and is prepared 
either the addition of bromine to dibrom- 
aoetyleDe (v.iy,) or by the action of bromine on 
an aqueous suspension of silvh^ aoetylide, and 
hy mstfllin* hexabromethane (Lowig, Pogg. 
Ann. 1^ 377 ; Liennox, Annal^, 122, 126 ; 
Reboul, *Annalen, 424, 271 ; Men and IJ^eith, I 


Ber. 11, 2238; Hdland, Annalen, 240, 237; 
Nef, Annalen,^ 298, 332; Biltz, Ber. 36, 1630). 
By the action of sodium ethylate tetrabrom 
ethylene yields asymm. dibram*vinyl ether, 
bromaoetic ester, tribromvinyl ether, and 
aldehyde resin (Nef, Annalen, 298, 334). 
Fuming nitric acid oxidises it to tribrom-acetio 
acid, i'r in presence of cone, sulphuric acid 
tribroni acetyl bromide is formed (Biltz, Ber. 
36, 1636). 

Various mixed halogen compounds derived 
from acetylene are also known but are of little 
importance. 

Chlorine Derivatives. — Owing to the cheap- 
ness of chlorine its compounds with acetylene 
arc easily and economically produced, and 
constitute an important technical application 
of acetylene. 

(Mor -acetylene. CCli Oil is a gas with 
explosive properties (Wallach, Annalen, 203, 
88 ; Zincke, Ber. 23, 3783 ; V. Meyer, Ber. 23, 
3783 ; Hofmann and Kirmreuther, Ber. 42, 
4232 ; Mourelo and Banus, Anales. soc. Espan. 
(is. quini. 9, 84). 

Dichlor -acetylene CCl ] CCl has been obtained 
by Boeseken and Carribre. (Verslag, Akad. 
Wetenschappen, 22, 1186) by heating the 
barium salt of trichloraorylic acid : 

Ba(CCl, : CClCOO),=BaCl,+2CO,+2Cfcl : CCl 
It is a colourless gits with aft* unpleasant odour ; 
it can be condensed to a colourless liquid, m.p. 
--60°, which is explosive. Mixed with hydrogen 
it inflames spontaneously in the air. It is also 
possible that dichloracetylene is formed to 
some extent when calcium carbide is treated 
with chlorine (Davidson, Amer. Chem. J. 40, 
397). For instance, by treatment of benzene 
with powdered calcium carbide and chlorine, 
tolane dichloride is formed, a reaction best 
explained by the intermediate formation of 
dichloracetylene ; direct evidence was also 
obtained that the gas is formed under these 
conditions. 

Aceiyhne tetrachloride (tetrachlorethane) 
CHCla'CJHCla is the most important halogen 
derivative of acetylene from a technical point 
of view, as it is the direct product of the action 
of chlorine on acq^ylene and is the starting 
point for numerous other derivatives. Chlorine 
is without action on acetylene in the pure state 
and m the absence of light (Schlegel, Annalen, 
226, 164). In diffused daylight the dichlor- 
and tetrachlor derivatives are formed in 
succession : 

CaHa+Cl| = CjHaCla CaHaCla+Clj = 

(Romer, Annalen, 233, 214). Traces of impuri- 
ties, particularly air (Mouneyrat, Bull. Soc. 
ch^n. ^[3] 19, 447, 452, l54), cause violent 
explosive decomposition during the reaction, 
with formation of free carbon and hydrochloric 
acid : 

CjHa-f Clj = 2C-f 2HC1 

To avoid this danger and to render the reaction 
safe and dependable, various devices are 
adopted chiefly depending upon the presence of 
suitable catalysts, such as iodine chloride 
(Sabanejew, Annalen, 216, 241, 262), antim<»iy 
pentachloride (Berthelot and* Jungfleisob, 
Annalen, Suppl. *7, 252 (1870)), aluminium 
chloride (Mouneyrat, Bull, Soc. chim. [3] 19, 
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448 ; Cofflpft. mnd. 126, 1805). For this reason 
moiit of the early patents on the subject deal 
with methods for avoiding the danger of ex- 
plosion during* the reaction and effecting a 
smooth and continuous combination of the 
gases. The following processes may be noted : 
Askenasy and Mugdan (Eng. Pat. 18602, 1904) 
prepare the sym. tetraohlorethane by Massing 
acetylene and chlorine alternately in» anti- 
mony pentaohloride, which latter should be free 
from excess of chlorine and may be diluted with 
tetraohlorethane; or the two gases may be 
driven in simultaneously into two halves of a 
vessel separated by a perforated diaphragm. 
H. K. Tipmpkins (Eng. Pat . 19568, 1004) advocates 
the use of a mixture of antimony tri- and 
pentaohloride at 40° to 60° and diatilling the 
product ; the reaction appears to be 

CaHj+SbCls^CjHjSbOls 

CaHa-SljClB-fSbClc=0aH2Cl4+2SbOls 


G. Dreyfus, H. K, Tompkins, and the Clayton 
Aniline Co. (Eng. Pat. 8438, 1909) describe 
the production of antimony chloracotybdo by 
passmg acetylene into antimony pentaohloride. 
The use of antimony chlor- or brom-acotylides 
18 claimed by Dreyfus, Tompkins, and the 
Clayton AniSne Co., as a catalyst for use in the 
^iroduction of halogen jndigos and thioindigos 

i. M. Lidholm (]?ng. Pat. ^094, 1906) recom- 
mends diluting the gases with an indifferent gas 
such as carbon dioxide and exposing the mixture 
to actinic rays. Chemisohe Eabrik Grieaheim 
Elektron (Eng. Pat. 13411, 1907) claim the pro- 
duction of tetraohlorethane by mixing the 
reacting gases with solid diluents such as sand, 
infusonal earth, clay, &o., and exposing to 
actinic rays in presence of the solid. After the 

g ases have been mixed they may lie passed into 
quids such as the cliloridea of antimony or 
solutions of these in the tetraclilor compound. 
G. Omstoin (Eng. Pat. 2376, 1911) also advises 
the use of a non-volatile catalyst such as iron, 
^kbergwerk Neu Stassfiirth ID. R. P. 174068) 
suggest the use ol sulphur chloride to which a 
small amount of iron has been added. The 
Consortium f. Elektrochemische Industrie (Eng. 
Pat. 26967, 1910) claim that ferric chloride is 
an efficient catalyst ; it is possible that the two 
preceding patents also depend on the formation 
of ferric chloride as the real catalytic agent. 
{Of. also E. P. 132767, Soo. d. proi chini. 
d’Alais.) 


In practice the use of antimony pentachloride 
appears to find most favour. The gipparatus 
usTO consists of a vessel fitted with a stirrer and 
divided by a partition which, however, allows' 
the intermixing of^the liquids. The vessel is 
partially ^ed with a solution of antimdhy 
pentachloride in tetraohlorethane and acetylene 
IS passed into one side .whilst chl(#ine is led into 
the other j the acetylene compound is thus 
continuously formed in the one chamber and 
deoon^sea by the excess of chlorine on coming 
into the other. The vessel gradually fills with 
the aoetvlene tetrachloride so formed until a 
liquid containing as little as 1 p.c. of the catalyst 
remains. Thq acetylene is then stopped, a 
small amount of chlorine is added to decompose 
^ double compound and the tetraohlori<jte is 
wSwUed off, purified with lime or chalk and 


distilled in steamr The yidid is about 95 p^o. 
The ]ffocesB is used in England by the Weston 
Chemical Co., in France *ike Oompagnie 
Generale d’Elektrochemie dd Bosel, Paris, and 
in Germany by the Consortium fiir Elek^ 
cheir|8che Industrie in Niiznbeig, and by ^ 
Bosmsoho Elektrizif^s A.G. in Jajee. The 
Salzoergwerk Nei» Stassfiirth malce use of 
Omstein’s process using iron as a catalyst, 
though prooably fSrric chloride is the real 
agent. 

Acetylene tetrachloride forms a colouriess 
liquid of b.p. 147i D,= 1-614, m.p. -36®. 
It is the most iraportaS^t of the acetylene halides 
as it is tjje mother substance of a large number 
of derivatives {v. infra). Like the latter it 
is non-inflammable, and as it possesses very 
great solvit power for orgamo substances, 
especially fats, varnishes, ^c., it attained to 
some importance in industry. It is a good 
solvent for sulphur, phosphorus, and the 
halogens. It also dissolves acetyl-cellulose and 
was used for this purpose under the name 
‘ Acetosol ’ {cf. Lederer, D. R. P. 176379 ; 
Walker, U.S. Pat. 1036108). It can be distUled 
unchanged either alone or with steam, and does 
not attack metals in the dry state. In the 
presence of moisture, however, certain metals, 
notably zinc and iron, remove halogen leaviog 
acetylene diohloride. It is stable to "Strong 
acids but is readily attacked by alkalis or 
magnesium hydroxide, yielding trichlorethylene. 
Heated alone or with AlClj or ThO, triohlor- 
ethyleneis formed ^ lowly, and prolonged heating 
causes the formation dso of perchlorbenzene 
(Berthelot and Jungfieisch, Annalen, Suppl. 
7, 252 (1870) ; Nicodemus, J. pr. Chem. 83, 312). 

The Salzbergwerk N. Stassfiirth 0). R.JP. 
185374) recommi^nd the addition oT organic 
compounds such as turpentine to the tetra- 
chloride to take up any hydrochloric acid that 
may be formed, thus keeping the solvent in a 
neutral condition suitable for use. A. Schmite 
(Fr. Pat. 417649) claims the production of emul- 
sions of tetraohlorethane with soap solutions. 

Owing, however, to the strong narcotic and 
poisonous action of the tetrachforide, causing 
jaundice, fatty degeneration of the organs, 
albuminuria and hiemoglobinuria, its use as a 
solvent is now considerably restricted, particu- 
larly as its various derivatives are equally 
suitable for most purposes and are less poisonous 
{cf. Grimm, Heffter and Joachimaglu, Vrtljsohr. 
Med. Offent. Sanitatsw. 48, 1 ; Report of H.M. 
Inspector of Factories, 1914). 

Trichlorethylene CaHClj is Obtained from 
acetylene tetrachloride by heating in a vat wiWi 
' milk of lime or solid lime (Coi^rt, f, Elekteo- 
chem. Ind. D. R. P. 171900, 208864). The 
^ield is practically quantitative. It is also 
produced by passmg ammonia into a mixture 
of acetylene tetrachloride and alcohol (Tomp- 
kins, Eng. Pat. 19668, 1904), wad, admixed with 
hexachlorbenzene, by passi^ the teteachloride 
through a tube heated to 400® or 600® (l^nmkiBS 
and Clayton Aniline Co., Eng. Pat. 237807l^)« 
Another process by the Gri^eim Elektron Co. 
(D. R. P. 263467^ consists in passing the irapoun 
of acetylene tetr^hloride over heated metallip 
chlorides such as copper or barium ohloridos; 
it is, however^ess easy to obtain a pure product 
by tftis method. It may aAo bo obttined by 
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passing the tetrachloride over ThOa heated to 
a temperature not exceeding 390" {(’hem: Fab. 
Bliokau, D. R. R 274782). 

Trichlorethvlene* forms a colourless liquid 

86®, Do=l‘47, which is practically im- 
miscible with water. has great solvent 
power for fats, waxes, resVis, rubW and Jjbher 
organic products, and also* for sulphur and 
phosphorus, on which account it is used on a 
considerable scale for fat-extraction and the 
like in place of benzene or carbon tetrachloride. 
It has the advantage over acetylene tetra- 
chloride in that it is less toKio (Chem. Zeit. 31, 
1096; 32, 266, 629; Alch. Hyg. 1911, 74; 
Laoh, Seifensieder, 19H, 15), Neumann (Chem. 
Zeit. 35, 1026) states that the trichlor compound 
gives satisfactory results as a fat solvent (r/. also 
van Lennep and Buys, Chem. WeekUad, 9, G64). 
Soaps containing ‘ Tri ’ (trichlorethylene) such 
as ‘ Westrol,’ ‘ Tiiol,’ ‘ Tripur,’ &c., are used for 
cleansing textile materials from grease (c/. 
Schmitz, I). R. P. 255901). Trichlorethylene 
has also advantages over tetrachlorethano in 
that it is more resistant to chemical action, is 
unattacked by dilute acids, or by alkalis or 
lime, and is practically without action on the 
common metals such as iron, copper, lead, tin, 
or zinc, even in the preseiicd of moisture. At 
temperature it oxidises slowly yielding 
carbonyl chloride, Ijydrochloric acid, and 
dichlorocetyl chloride (Krdmaim, J. pr, Chem. 
86, 78 ; Staudingor, ibid. 85, 330). Under 
suitable conditions it can be made, however, to 
undergo various important transformations ; 
thus, by heating with strong alkali glycollic 
acid is formed (Consort, f, Elektroohom Tnd., 
D. R. P. 257878), 

! C(»s+4KOH 

= CH,(OII)COOK+3K01+H,O 

Traces of dichloracetyleno are also formed. On 
passing through a heated tube it is partly 
converted into hexachlorbenzene (Nicodemus, J 
pr. Chem. 83, 312). In the presence of catalysts 
chlorine is added on with the formation of 
pentachlorethano {v. infra). On heating with 
sodium ethylate or a mixture of caustic soda 
and alcohol, dichlorvinyleihcr (dichlorethoxy- 
ethylene) is formed (Tompkins, Eng. Pat. 678, 
1906 ; Imbert, Eng. Pat. 6014, 1907), which on 
further treatment with water or alcohol readily 
^yes chloracetic ester in good yield (Tompkins, 

aHClj+NaOCaHB-NaCl+CjHCIaOCaHj 
CgHCl,-0C,H64^H,0=HCl4-ClCHa*C00CaH, 
According to Imbert (Eng. Pat. 6013, 1907) he^t- 


retioal quantity of water yields the chloracetic , 
ester, whilst excess of water yields ohloracotici| 
acid directly. Chloracetic acid or its ester react 
readily with aniline yielding phenylglycine 
which can be converted into indigo, thereby 
offering an alternative route to the usual 
process starting from acetic acid (cf. Chem, 
Zdt. 86, 1063). 

LaW processes claim the production of 
monochloraoetic acid in good yields by tbe use 
of concentrated sulphuric aoidlal/ 150*-'200®’C., 
as the hydredang agent (L. V. Simon and Gf C. 
Ohavanne, Eng. Pat. 129301), 100 gms. triohlor- 
ethylene under suotf conditions affording 57!j^s. 


, „ , , J, , Elektrochemie, 16, 773) 

ing the ouohlorethoxy ethylene with the theo- suggest the production of the diohloride b 
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monoohlorao6tic acid ; the Soo. des prod. ohim. 
d’Alais also describe a continuous process for 
producing the acid from trichlorethylene by 
allowing the latter to aot upon i^lphurjc acid of 
90 p.o. concentration at 160®- 200® 0., water 
being added continuously as required and the 
resultant monochloracetic acid being carried off 
by thei\exoe8S of trichlorethylene (Eng. Pat. 
132042)1 

Dichlorvinijl ether, b.p. 128*2®, Dio=>l'08, 
is an extremely reactive substance opening the 
way for a number of interesting organic syntheses. 
Thus hydrochloric acid or chlorine add on 
directly and the products on distillation split 
up into chlor- or dichlor-acetyl chloride 

CaHCl2-OC8H,-kHCl - CaHaCls-OCaHs 

- ClCaHs-fClCHj-COCl 
(cf. Tompkins and (^llayton Aniline Co., Eng. 
Pat. 5404, 1908). ('Jliloracetyl chloride made by 
this process has been placed on the market by 
the ('onsortium. 

A further use for trichlorethylene is given 
in Eng. Pat, 90, 1908, by the Badische Anilin und 
Soda Fabrik, in wWch by treating trichlor - 
ethylene with a salt of thiosalicylio acid, omega- 
chlorovin,ylihio.^.tdicylic acid is produced which 
can be readily converted into • thioindigo. 
With mercuric cyanide trichloretlwlone^ yields 
mficwUrichlorelhylcmde Hp{CC 1 ; (;C1)2 (Hof- 
mann and Kirmrefther, Ber: 41, 315). 

Dichlororthylene CgHaCla is prepared 
technically from tetrachlorethano by refluxing 
with zinc dust and water : 

CaHjCl.+Zn- CaHaCla+ZnCla 

(Askeiiasy and Mugdan, Eng. Pat. 19676, 1907). 
Aluminium or iron powders may also be used 
instead of zinc, but in that case require heating 
to 140° in an autoclave. The dichlorido may 
also bo prepared by the direct union of acetylene 
and chlorine, avoiding any excess of the latter 
and using antimony pentachloride as a catalyst 
(Tompkins) Eng. Pal. 19568, 1904), or diluting 
the gases and exposing to actinic rays (IjidholnaA 
Eng. R.t. 22094, 1905), or by heating the gases 
150° in capillary tubes (Chem. Fab. Gnesheim 
Eloktron,Eiig. Pat. 16620, 1912). The commercial 
product consists of aifnixture of the two stereo- 
isomers of b.p. 48® and 60® respectively, and 
densities 1'265 and 1-291, in consequence of 
which it has no constant boiling-point (Chavanne, 
Compt. rend. 164, 770 ; Bull. Soc. ohim. Belg. 
26, 287 ; 28, 234). The equilibrium mixture 
contains about four parts ‘ cis ’ form (b.p. 60®) 
to one pant ‘ trans ’ (b.p. 48°) form. Askenasy 
and Mugdan (Zeit. i. 


electrolysing the tetraohloriCe in zino chloride 
soliltion^ the zinc being regenerated electrolyti- 
cally. 

Dichloreth^iene resembles trichlorethylene 
and peroUorethylcne and is unattackea by 
metals or alkalis. It can be used os a rubber 
solvent (Fischer, H. R. P. 211186) and owing 
to its low boiling point has been reoommendea 
as a substitute & ether for fat extraction, &o. 
Its vapour is inflammable but the flame is 
readily extinguished. (For other details see 
also Berthelot and Jungfleisch, Annalen^ Sppl. 
7, 253 (1870) ; Sabonejew, Annolen, 216f 262.) 

Pentarhlorethane CjHCls is pre|fMed by 
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ptauag chlorine inlo triohlorethylene, 'preferably 
m the presence of actinic rays, from which it is 
formed in almost qnantitative yield; alter 
washing with water and lime to remove excess 
Of chlorine it is distilled in steam and foims a 
liquid b.p, 169°, D= 1 '685, and in other respects 
closdy resembles tetrachlorethane (Salzbercwerk 
Neu Stassfurth, Eng. Fat. 1105, 1912). m has 
somewhat similar solvent powers to the fetra* 
chlor compound, and is also very sensitive to 
alkalis, yielding perchlorethylene It 

does not attack metals in a dry state out does 
so in the presence of moisture. {For other 
methods of preparation see Regnault, Annalen, 
33, 321; •Pierre, Annalen, 80, 130; Patemb, 
Annalen, 151, 117 Mouneyrat, Bull. Soc. chim. 
[3] 19, 2GI.) 

Perchlorethylene (tetrachlorethylene) CjCL: 
is prepared by treating pen tachlore thane with 
milk of lime; b.p. 119°, D= 1*024. Its other 
properties are similar to those of triohlorethylene. 
It does not attack metals even in a moist state 
and is stable to alkalis. It has a certain 
limited use as a cleaning agent for textiles. It 
is also a by-product in the manufacture of 
cc,rbon tetrachloride {cf. Faraday, Ann. (Jhim. 
Phvs. [2] 18,4^3 ; Regnault, Annalen, 33, 325, 
.333} Geuther, Annalen, 107, 212; 111, 176; 
Prudhomme, Annalen, 166, 342 ; SchifF, 

Annalen, 220, 97 ; B«rgoin, Ann. Ohira. Phys, 
[6] 6, 142 ; Geuther and Fisher, Zeitsch. f . 
Chemie, 1804, 209; Geuther and Brockhoff, J. 
pr. Chem. [2] 7, 102 ; Goldschmidt, Ber. 14, 
929 ; V. Meyer, Ber. 27, 3160 ; Besson, Compt. 
rend, 118, 1347 ; Mouneyrat, Bull. Soc. chim. 
f3] 19, 182; Biltz, Ber. 36, 1629). Heating 
with fuming sulphuric acid yields trichloracetic 
acid (Prudhomme, Zeitsch. f. Chemie. 1870, 
380 ; Biltz, Ber. 35, 1633). 

Hexachhrethane (Perchlorothane) C,Clj is 

f )roduoed by exhaustive chlorination of the 
ower chlorinated ethane derivatives {cf. Fara- 
day, Ann. Chim. Phys. [2] 18, 48 ; Renault, 
69, 106 ; Annalen, 33, 323 ; Hiibner and 
Imlcr, Zeitsch f. Chemie, 1870, 328 ; Mouneyrat, 
Bffll. Soc. chim. [31 17, 797 ; 19, 454 ; ibt/i. [31 
17, 794 ; Michel, Zeitsch. angew. Chem. 19, 
10^). It is also formed on passing chloroform 
through a ved-hot tube (Rams^ and Young, 
Jahr. d. Chemie, 1880, 628). H occurs as a 
by-product in the production of carbon tetra- 
chloride (V. Meyer, Ber. 27, 3100), and is formed 
from carbon tetrachloride by heating to 160° 
wRh amorphous arsenic (Auger, Compt. rend. 
146, 809), or by passing through a heated tube 
(Koli|&, Annalen, 54, 147). • 

It is formed readily by refluxing carbon 
tetrachloride with ^uminium amalgam (Hof- 
mann and Seiler, 1^. 38, 3058), and is also 
formed by direct synthesis if an electric arc Be 
formed in a chlorine atmosphere (v. Boltom, 
Zeitsch. f. Elektrochemie, 8, 16^; 9, 209; 
Lorenz, Annalen, 247, 245; Zeitsch. angew, 
Chem. 6, 313 ; Zdtsch f. Elektrochemie, 8, 203). 
On a oommmrcial scale it can be conveniently 
prepared by the exhaustive chlorination of 
acetylene tetrachloride in - the presence of 
fllnpiniam chloride (cf. Moun^at, f.c,). The 
^beivwerk ^u Stassfurth (D. R. P 174068) 
otaim the production of the hexachlor compound | 
Jy acetylene and ofatorine alternately i 

into a heated mixture of sulphur chloride ai^ 


powdered irom The atom Arm also claim a 
proc^ tor chlorlnatii^; tetraddoroethane hi die 
presence of an artiflcial aouroe of light lidi hi 
aotinio rays (Eng., Pat, 1105, 1913). The 
penta-chlor compound is formed at the sams;^ 
time i;^d may be sep^ted by allowing the 
mass (po crystallise then pressing the 
product. • 

Hexachlorethane forms colourleas crystals 
melting at 187° to 188^ j its b.p. is 186° so that 
it usually sublimes without melting on befog 
heated. Sp.gr. =2 *091. It has a camphor-like 
odohr and is used to soige extent in the explosives 
industry as a camphor BbJtiBtitute in the prepara- 
tion of sa^^ty explosives. Seated wi^ alknli 
to 200° it yields oxalic acid ; nascent hydrogen, 
alcoholic alkali hydrosulphite, or heating with 
silver to 280°«oonvert8 it into perchloret%len©. 
Heating with antimony pentaohloride to 460° 
converts it completely into carbon tetra- 
chloride (Hahn, Ber. 11, 1736; Sohxdder, Ber. 

13, 1070; Berthelot, Annalen, 109, 121; 
Geuther, Annalen, 107, 212; 111, 174; Arm- 
strong, J. pr. Chem. [2] 1, 261 ; Geuther and 
Brockhoff, J. pr. Chem. (2] 7, 174 ; Prudhomme, 
Annalen, 156, 342; Hartmann. Ber. 24, 1023; 
Gossner,. Zeitsch. f. Kryst. 38, 151) 

Heated in the presence of water it is con- 
verted gradually into perchlor-ethylene. • 

A general discussion of the above chlorinated 
derivatives of aoetvlcne and their applicability 
in industry will 6e found in the mllowingi 
Chem. Zeit. 31, 1096; 32, 266; 35, lOM; 

J. Soc. Chem. Ind. 35, 94. 

Vinyl chloride (Chlorethylene) CH, ; CHOI 
is produced by the addition of hydrochloric acid 
to acetylene in the presence of a suitable catalyst 
such as pumice sbaked in mercuric ^orid^ 
Hy<lrogen chloride* and acetylene in molecular 
proportions are passed through kibes containing 
the contact mass heated to i80". The yield it 
stated to be quantitative (Chem. Fab. Griesheim 
Elektron, D. R. P. 278249, 288584, Eng. Pat. 
21134, 1913). It is a colourless gas which 
condenses to a liquid in a freezing mixture. 

It is sparingly •soluble in water, f^i4ily 
so in alcohol. In sunlight it polymerises to 
a transparent white mass (Regnault, Annalen, 

14, 28 ; Wurtz and Frapolli, Annalen, 108, 223 ; 
Baumann, Annalen, 163, 317 ; Glinaky, Zdtsoh. 
f. Chemie, 1867, 670 ; Villard, Ann. Chim. Phys. 

[71 11, 387 ; Biltz, Ber. 36, 3624). So far R - 
does not appear to have any special technical 
application. 

The diagram on next page may serve to 
illustrate the chief chemical t^nafonnaHonfl 
which acetylene may be made to undergo on a 
lechnical scale. 

• Acetylene Homoloques, 

The higher members of the acetylene aeries ore 
of relatively slight importance. They may be 
made by the various general methods given for 
acetylene itself, such as by heating the mono* 
halogen derivatives of the ethylene smfieswRb 
alooh olio potash, & c. They may also be prepared 
by treating sodium acetyude with alkyl glides 
in liquid ammonia gt — w° to —30° (Lehean 
Picon, Compt. i^d. 156. 1077; Picon. tWf. 
158, *1346). Another general method is 
scribed by Sobleohter (H. B. P, 2fi3802)i who 
olaimxihe production of dimeflbyl aoetyliie and 

s 
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ethyl acetylene Ly heating calcinm carbide with 
methyl or ethyl alcohols respectively, under 
pressure at 60® to 250®, the products obtained 
depending partly on the temperature : 

CaC 5 j+ 2 CH 30 H = 

The following members of the . acetylene series 
have been identified as occurring in coal-gas : 
allylene, ethyl-acetylene, propyl-, isopropyl-, 
butyl-, isobutyl, methyl-ethyl, and methyl- 
propyl-ocetylenes, and crotonylene (Harzer, d. 
f. Uosbeleuchtung, 67, 622). 

The Chem. Fabrik. Florsheim (Amer. Chem. 
Abstr, 1912, 1072) state that a general method 
for the preparation of the dialkyl acetylenes is 
to heat the monoalkyl acetylenes at 170® with 
alcoholic potidi, the methyl alkyl acetylenes 
being always formed. The reverse action 
takes place on boiling with metallic sodium. ^ 

Methyl-acetylene, or Allylene, CHs-CiCH, 
is formed by the action of alcoholic potash 
brompropylene : 

CHg CBr : CH-f KOH=CHs-C i CH+KBr+HjO 
also by acting with sodium on dichloracetone 
chloriae : 

CHa-CClg-CHClj-f 4Na - CHg C :CH-f4NaCl 
or by electrolysing the alkali salts of citraconic 
or mesaconio aci(M, or by the action of magne- 
sium on acetone vapour and'.^reating the solid 
mass thus obtainea with water (Reiser, Amer. 
Chem. J. 18, 328 ; Desgrez, Bhll. Soc. chinS. [3] 
11, 39U* Lespieau and Chavanne, Compt. rend. 
140, 1036). 


Allylene is a colourless gas, b.p. — 23-6® ; 
ra.p. — 100®; very similar to acetylene and, 
like it, forming compounds with metals. The 
mercuric compound (CgHgljHg is obtained 
by passing allylene through water containin|i 
mercuric oxide in suspension. It crystalli* 
from hot alcohol in fine needles. It is soluflB 
in hydrochloric acid with evolution of allylene, 
but does not explc^e on heating (Reiser) l.c. ; 
Lessen and Lomo, Xnnalen, 342, 187 ; Plimpton 
and Travers, Chem. Soc. Trans, 1894, 264; BUtz 
and Mumm, Ber. 37, 4417 ; Hofmann, Ber. 37, 
4469). The silver compound (C8H8)gAg forms 
microscopic needles which explode at about 160®. 

According to Berthelot (Compt. rend. 126, 
661, 667, 609, 616) allylene when subjected 
to the s'.lont electric discharge condenses to a 
solid with a pungent empyreumatio odour; 
with nitrogen the substance 0i ^HgoN is formed. 

^ Allylene forms with ^ bromine additive 
nroducts, CgH^Br, and CgH^Br., and with 
halogen acid compounds of the type CHj-CClg’CHa. 
Concentrated® sulphuric acid absorbs allylene 
readily, and on distilling the solution with water, 
acetone, mositylene and allylene sulphonic acid, 
GgHjSOgH, are formed (Schrohe, Ber. 8, 18, 
367). With hypochlorous and hypobromous 
acids, allylene forms dichlor- . and dibrom- 
acetones, and trimethyl allylene yields the 
hal^en pinacolins (Wittorf, Chenj> Zeit. 23, 096). 

Butines.— 1. acetyknt CgHs’ClCH. 

Formed by the action of alcoholic potash on 
CpHjCCljCHs (Bruylants, Ber. 8, 412) by 
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passing aoetyleiie and ethylene through a red* 
fiot tube (Berthelot, Ann. China. Phys. [4] 9, 
160) from dibr^m -butane by tiie action of 
dcohoiio potash (Dupont, Compt. rend. 148, 
1622). 

The compound is a liquid boiling at 18**, 
ind forms precipitates with ammonical ^pper 
Sind silver solutions ; f.jp. —130°. I 

With ammoniaoal silver chloride and alcoholic 
silver nitrate it forms explosive compounds 
[Wislicenus and Schmidt, Annalen, 313, 221) ; 
it also yields a sodium derivative (Jociez, Chem. 
Zentr. 1897, i. 1012). 

2 . Orolonylene or dimethylacetyUnt 
DHg-CfG^CHj is formed by acting with 
alcoholic potash on /Sy-dibrombutane 
[IHa’CHBr'CHBr’CHg ; by the action of sodium 
ethoxide on monobrompsoudobutylene 
CHj'CBr : CH-CCHg (Holz, Aimalen, 260, 230) ; 
or by the decomposition of the salts of j 8 - 
bromoan^elio acid (Wislicenus and Schmidt, 
lx. ). With bromine it forms a product C 4 H BBr 4 , 
which is solid, m.p. 243° ; isocrotonylene 
dibromide, b.p. 149° to 160°, is also known and 
is not readily attacked by zinc dust (Wislicenus 
?.nd Schmidt, l.c.). 

Orotonyli^ mono- and hydro-bromides, as 
well as the iodide and chloride derivatives, have 
also been* obtained (Wislicenus, Talbot and 
llonge, l.c, ; Peratclier, Gazjfc chim. ital. 22, 
ii. 86 ; Charon, Ann. ("him. Phys. 1899, 17, 
228 ; Favorsky, J. pr. Chem. [2] 42, 143). 

On shaking the hydrocarbon with sulphuric 
acid and water (3 : 1), hexamethyl benzene is 
obtained, 

3C4HB = CijHlB S= CB(CHg)j 

The compound CH-C'C-CH, formed by the 
action of cupric chloride on copper acetylene, is 
described by Noyes and Tucker (Amer.* Chem. 
J. 19, 123) ; pentachlorbutine C 4 HCI 5 by 
Zinoke and Kuster (Ber, 26, 2104). Derivatives 
pf the butines, some of wMoh are used as dye- 
IjulFs, are described by Freund (Ber. 34, 3109). 
^jpentines, CgHg, n-Pentine, prepared by 
MS;On by the action of propyl iodide on sodium 
BUJetylide in liquid ammonia, is a liquid of 
b.p. 40°, and m.p. —96° (Picon, lx,). 

Isopropyl acetylene, prepared by the action 
of alcoholic potash on the dibromide of isopropyl- 
ethylene or methyl-ethyl-ethylene, b.p. 116° 
(Kalinine, J. Russ. Phys. Chem. Soc. 38, 1042). 
In presence of aqueous solutions of cadmium or 
rinc chlorides at 160° it is converted quantita- 
tively into methyl propyl ketone (Kutscherow, 
Ber. 42, 2769). • 

On treating diallyl-tetrabromide with potash 
% liquid dibromodiaiyi is obtained, which boils 
it 210 ° and by the action of alcoholic pota|li 
this yields dipropargyl CjHg, a liquid boiling 
It 86 ° and isomeric with benzencpbut haring 
the constitution, 

CHiCCH,CH,.CiCH 

Uopropenyl acetylene CH, = C(CHa-C=K::H 
forms a li juid, b.p. 67-69°, wDjo 1*4332, and is 
obtained by dehydration of 3 -methylbutinoI 
{v.e.) by means 01 anhydrous magnesium sul- 
phate at 230° «. (D.R.P. 290668, Fr. Bayer & 
Co.). It gives a white precipitate Tirith amrao- 
niaoal silver nitrate and a yellow precipitate 
with ammoniaoal cuprous salts. It u of sonm 


I interest owing to its close relationship with 
■ isoprene. F. A. M. 

ACETYLENE-€OMIIBR0)At APPLICA- 
TIONS. Although acetylene was discovered 
Davy as far back as 1836, its use as an illummanr 
becamflj) practicable 01 ^ in 1892, when Moissan 
in Friftice, and T. L. Willson at Spray, showed 
that it was possible to make calcium carbide on 
a cohameroial scale in^he electric furnace. {See 
Caloitjm Caebidk.) 

Calcium carbide, as made in the eleotrio 
furnace, is a dark cmtalline substance with 
a metallic lustre, havidg a density of 2*22. The 
pure compound, however, l^s been produced by 
Moissan iif thin white semi-transparent plates, 
the colour of the commercial material being due 
to the presence of iron and other impurities. 

Water do^Somposos the carbide with repro- 
duction of lime and generation of acetylene ; 

CaCg -f 2 HgO = Ca(HO), + CgH, 
Calolmii carbide. Water. Slaked lime. Acetylene 

In the early days of carbide manufacture 
little attention was paid to the purity of llhe ' 
materials, with the result that the carbide 
fo.-iuod contained impurities, some of which 
wer^ decomposed by water and gave products 
contaminating the acetylene. Since the im- 
portance of purity in the acetylene has been* 
recognised, everything possible is now done to 
reduce such impurities to a minimum. 

The impurities found in commercial carbide 
may be divided into those which can be decom- 
posed by water, and those on which water has 
no action. Amongst the former are substances 
evolving phosphorus compounds on contact with 
water, aluminium sulphide, organic sulphur com- 
pounds and metallic nitrides : whilst tNb latte)* 
class contains suclf bodies as graphite, carbides 
of boron and silicon, carbides and silioides of 
various metals contained in the lime and in the 
ash of coke, these being left with the lime residue 
after the decomposition of the carbide by water, 
and in no way ipfluenoing the purity of the gas. 

The purity of ^commercial acetylene depends 
primarily on the purity of the carbide from 
which it is generated, and as long as it is im- 
possible to get absolutely pure materials for the 
manufacture of the carbide, so long will im- 
purities be found in the gas made from it. The 
most important of these impurities are : 

(o) Phosphoretted hydrogen, obtained from 
the decomposition of calcium phosphide, &o., 
by water, and, in burning with the acetylene, 
gives rise to phosphorus pentoxidir-which forms 
a slight haze in the room in which the gas is 
Joeing burnt. 

( 6 ) Sulphuretted hydrogen, formed by the 
o^ion of water on aluminium sulphide, &c., and 
yielding when burnt sulphur dioxide, which if 
dissolved by condensing moisture will absorb 
oxygen from the atmosphere, forming traces of 
sulphuric acid. 

(c) Ammonia, from the magnesium nitride, 
which rapidly corrodes brass gas-fittings, and 
on burning produces traces of n^ogea acids. 

Siliciuretted hydrogen is also found Hi small 
quantities in crudtf acetylene. 

Several procesi^pa have been devised Sm the 
purification of acetylene by the removal 01 these 
oompqpnds as* well as of 4he hydr«Darboii 
I vapour^ formed by the pglymeijsation of the 
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fffti due to high temperature during generation. 
The only im purity tnat offers any real difficulty 
in removal is the phosphoretted hydrogen, and 
^threo substances have been suggested and used j 
\i practice for this purpose : (a) bleaching j 
powder, (&) acid copper or iron salt^ and 

(c) acid solution of chromlo acid. 

The bleaching powder is Employed in the form 
of small lumps, as offering the least resistance 
to the flow of the gas when in a slightly mois- 
tened state. Its action is purely that of oxi- 
dation, the phosphoretted and sulphuretted 
hydrogen being converted^espectively into phos- 
phoric and sulphuric acids, the acetylene being 
unaffected. To obtain as large a curface as 
possible the bleaching powder is sometimes 
mixed with an inert body, such as sawdust or 
oxide of iron, but in whatever condition the 
bleaching powder is used the gas requires an 
after-purification for the elimination of chlorine 
compounds, for which purpose a lime purifier is 
generally employed. 

Bleaching powder, though an efficient purify- 
ing agent when in good order, is apt to be un- 
certain in its action, and cases have frequently 
oocurred of spontaneous firing and explosion 
when air has been admitted to puilfiers con- 
taining this material that have been in use for 
some time, so that precautions are necessary 
when using this method of purification. 

An acid solution of cuprous chloride, or solids 
made by impregnating kieselgtihr or similar 
porous bodies with the acid copper salt, are 
also very effective in removing the various 
impurities, the phosphorus and sulphur com- 
pounds being transformed into copper phosphide 
and sulphide. The disadvantages of the process 
ate thaV a second purification with lime is 
required to remove acid vapours, and that the 
material being highl;y acid cannot be used in 
ordinary metal containers, whilst if the copper 
salt became neutralised by ammonia there might 
be danger of the explosive copper acetylide 
being formed. Under suitable oqnditions 1 kilo- 
gram of the material will purify 20 to 25 cubic 
metros of the gas, the acetylene not being acted 
upon, and the action being regular and certain. 

Chromic acid in solution containing sulphuric 
or acetic acid, or kieselgtihr charged with this 
mixture, is the third purifying agent, and 
elyninates the phosphoretted ana sulphuretted 
hydrogen and the ammonia. ’’When exhausted 
the spent material can be regenerated by 
exposure to the air. 

In praciitMhese three mat’erials seem to give 
equally good results, affd the passage of the gas 
through the solution or solid scrubs out of it 
to a great extent the tarry fog and lime dust 
often mechanically held in the gas when it h%s 
been generated too rapidly or at too high a 
temperature. 

. ^ Absolute purification is by no means neces- 
’sary ; for ordinary use all that is required being 
to reduce thevamount of impurity below the limit 
at wWch the products of combustion are injurious 
to bealtli or cause haze ; and with a fairly pure 
apebimen of carbide mechanical scrubbing is 
sufficient if a generator of non-automatio 
U'pe ij|| employed, Jind the gas is stored an a j 
stMdevbefore use. 

Altlfougfa theegeneration of acetyle^ by , 
calcium oasjtiido in contact with water I 


seems so simple, yet in actual practice it was 
complicated oy several difficulties, amon^ 
whi^ may be mentioned tl^e heat of the 
reaction, which caused the polymerisation of 
some of the acetylene, and by the fact that the 
evolution of gas did not cease immediately 
the water supply was cut off, this being due to 
water nechanically held in the residue formed, 
to the dehydration of the calcium hydroxide 
by the unchanged carbide, as well as to the 
moisture condensed from the gas as the tem- 
perature of the generator fell. 

Aceiylme. generators , — These can be divided 
into two main classes — those in which water is 
brought in contact with the carbide, tiie latter 
being in excess ; and those in which the carbide 
is thrown into water, the water being always in 
excess. The first class may be subdivided into 
those in which water is aUowed to rise to the 
carbide, those in which it drips on to the carbide, 
and those in which a vessel full of carbide is 
lowered into water and then withdrawn as the 
generation of the gas becomes excessive. 

Each of these types may be ‘ automatic ’ or 
‘ non-automatic.^ In the former are to be 
found devices for regulating and stopping at will 
the generation of the gas within / mits, whilst 
the ‘ non-auton)atic ’ variety aim at developing 
the gas from the carbide with as little loss as 
possible and Btori,*'g it in a ^.older. 

The points to be aimed at in a good genera- 
tor are : 

(a) Low temperature of generation. 

(&) Complete decomposition of the carbide, 

(c) Maximum evolution of gas from carbide 
used. 

(d) Low pressure in every part of the ap- 
paratus. 

(e) Removal of all air from the apparatus 

before collection of tlie gas. * 

Generators of the ' drip ’ type, in which 
water is allowed to fall slowly upon a mass of 
carbide, possess most of the disadvantages due 
to heat of generation, fluctuation of pressun^ 
&c., and this type has been abandoned exc^jp 
for the smallest forms of portable generator, 
Tliose in which water rises to the carbide are 
most efficient, and overheatifflg can be avoided 
by ensuring that the water never rises above 
that portion of the carbide which is undergoing 
decomposition : in otlier words, that the gas 
leaves the carbide immediately upon its forma- 
tion and passes away to the holder with the 
least opportunity for becoming overheated by 
contact jvith decomposing carbide. 

Generators in wliich the carbide dips into 
water and is then withdrawn are apt to overheat 
to a dangerous extent, especially if the generator 
be over-driven. ' 

Although it might be expected that the 
dropping of^ the carbide into an excess of 
wator would produce the coolest and purest gas, 
yet evidence of overheating of the gas is often 
found in generators of this class, as a coating 
of lime can form around the lumps, preventing 
the free access of water, and allowing the 
interior of the mass from which generauon is 
proceeding to become heated to ^ness; the 
efficiency also is lowered as a tertain amount 
of the gas is dts^lved in its upward passage 
through the large volume of water, 
r Theoretically 04 parts by weight of carbide 
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require only 36 p^rts by weight of water for 
complete decomposition and convennon . of the 
lime into hydrq|dde, but it is found in practice 
that, owing to the heat of the reaction driving 
off some of the water as steam, and a further 
portion mechanically adhering to the slaked 
lime, double this amount of water is necessary, 
and the only safe way to ensure entire decom- 
position of the carbide is to add sufficient water 
to flood the residue. 

Carbide is also supplied in the form of 
* briquettes/ coated with material to prevent 
deterioration in air ; at the same time the after- 
generation of cas when the water supply is 
stoppedfis largmy prevented. These briquettes 
are particularly suited for motor car headlight 
outflts and table lamps. 

Gombustion of acetylene . — When acetylene is 
burnt in air under such conditions as to complete 
its combustion, it is converted into carbon 
dioxide and water vapour, the same compounds 
that are produced by all combustible hydro- 
carbons, 1 cubic foot of the gas requiring 21^ 
cubic feet of oxygen, or five times that amount 
of air. 

When acetylene was firat used for illumina- 
tion, bumeft of the Union jet type (similar to 
coal-gas burners) were employed, some of these 
being of specially small size. In such burners 
the orifices for thefissue of hlie gas were very 
small, and were drilled at a more obtuse angle 
than for coal gas. Burners of tliis type, whilst 
giving good results for a time, soon developed 
a smoky flame, a filiform growth of carbon 
appearing on the jet, so that they were generally 
unsuitable. 

.Smoking is very likely to develop with 
acetylene, especially when the gas is turned 
down. This is due principally to the polymerisa- 
tion of the ^as by heat, producing liquid hydro- 
carbons (pnncipally benzene) and solid carbon 
by decomposition, when the gas issuing from the 
small orifices becomes unduly heated. With 
^hi^h efflux velocity sufficient air will be drawn 

to ensure primary combustion close to the 
orifice and the trouble is largely overcome, but 
the reduction of the gas pressure prevents this 
action. An accumulation of particles of carbon, 
or other foreign matter, such as lime particles 
from the generator, will act similarly by impeding 
the gas flow, so that once carbon begins to form 
the actions leading to smoking rapidly accelerate. 

On breaking open a steatite jet of a burner 
in which smoking nas developed carbon deposit 
'Will found to have extended to soqie depth, 
showing that a liquid hydrocarbon has soaked 
into mo steatite and been there further de-| 
ooi^oaed by heatj* 

The actions leading to the formation of«bhe 
liquid product in general arise at the jet, but 
with a bad type of Mneratorji where over- 
heating takes place, polymerised products may 
be carried forward in the gas, and deposited in 
and around the narrow orifice in the steatite or 
other porous material. 

Attempts to overcome these difficulties were 
on the lines of introducing air, either admixed 
witik gas, which was soon emandoned on account 
of dimger, or constructing the burner so that 
hir ym drawn in through adjacent orifices by 
Idae injector action of the issuing gas, a method 
ndoptra by BuUier (1890^7). • 


Biker’s principle of making the tips of die 
burner jets into small bunsens was adopted by 
Dolan in America, and BiUwiUer on the Continent. 

The Biliwiller burner has two steatite arms 
rising at right angles from a common basM^ 
from^^hioh the acety]||pne Issued at two small 
orifiem exactly oppoai^ each other and giving 
the double jet. Jlnmediately above the gas 
orifice a small platinqm plate w'as 
fixed at a distance of about 0*5 
mm. from the steatite, with a 
hole in it rather larger than the 
orifice in the steatit^just below. 

The acetylene issuing* from the 
hole in tht steatite rushed tflrough 
the hole in the platinum above 
and drew air in under the plati- 
num plate. ‘‘The air so drawn in flowed to the 
confines of the rapidly travelling stream of 
acetylene and passed upwards around it, so 
preventing contact between the edge of the 
hole in the platinum and the acetylene, whilst 
the metal, being part of a collar of platinum 
fixed round each steatite arm, and being a 
good conductor of heat, prevent^ such heating 
as would lead to the deposition of carbon from 
the gas. 

In 1897 Dolan in America made a burner 
on the same principle as the Biliwiller bumeS? 
though of slightly different construction. It 
consisted of a metal base, the upright from 
which forked into two arms, which near their 
extremities were bent inward at right angles. 
Those arms carried steatite or ‘hkva’ tips, 
bored with a fine hole from the interior to tue 
base of the mushroom head, where its diameter 
was more than doubled, whilst four small lateral 
air tubes were bored at regular interwls frpin 
the base of the head to the broad aperture of 
the nipple, with the result tliat the flow of 
acetylene from the narrow into the wider tube 
sucked ail’ in through the side tubes and sur- 
rounded the ascending gas with an envelope 
which prevented its contact with the heated 
tip. These burners, wi^ioh are more generally 
known as the ‘ Naphey ’ burners, gave very 
good results, and have been more widety adopted 
than the Biliwiller burners that preceded them, 
partly because they did away with the expense 
of the platinum, were cheaper to make, and 
I were less liable to break. 

The great dAwback to all the Naphey tip 
' burners is that the heat from the flame causes 
a slight and gradual warping of the metal 
! mounting, with the result that yilmpyt time the 
jets become slightly thrown out of their true 
position, which at onoe distorts the flame and 
causes it to throw up smoky points. This 
i ^rouble is not found with burners having steatite 
or composition arms, as these, being preset or 
cut, do not warp with the heat. 

These burners proved the forerunner of a host 
of others in all of which the same principle was 
adopted, one of the simplest and most popular 
being shown in Fig. 2, whilst Fig. 3 is a section 
of the same burner, showing, the oopstniction 
and air inlets. 

‘Although tbi«e burners possess many adTun- 
t£^es and can bemused for s^eial hmumlLhoarB 
without smoking, they have the drawoSSt tM. 
the iflame cfiuaivit be tumad down, %8, after 
the flame has been* dowA ht 




54 


ACETYLENB-^OMMER(JIAL APPLR?ATI0N8. 


0 


hour or two, it will bo found that it will 
generally start smoking when the normal con- 
sUD^tion is restored. 

ya.. In order to overcome this trouble Bray intro- 
Aiuoed a burner in which, by placing a second 


Fig. 3. 

air-supply chamber'of larger dimensi-ons above 
the first, such a complete encircling of the jet 
of gas by air was ensured that the variations 
in gas pressure caused by tumirig down the 
flame do not lead to carbonisation. 

Another burner has been brought out in 
which the idea of air injection has been success- 
fully adapted to a slit burner : the gas issues 
from a series of fine holes placed below a cap 
provided with a broad slit and side air tubulure, 
the gas drawing in sufficient air in its 
jUi \ passap through the slit to prevent 
smoking or canonisation of* the burner 
g '^1 (Fig. 4). Such slit type burners are 
^ ■Fl P^^rticularly suited for use in motor-car 
Vgr headlights, &c. With twin jet burners 
an obstruction in one orifice may cause 
„ .a somewhat long flame to issue from 
i?io. 4. other orifice, which may impinge j 
on lenses or mirrors situated close to the burner. 
The slit type is free from this disadvantage. 

From the earliest introduction of acetylene 
attempts have been made to utilise it with 
iLcandet 'Jcnt mantles, but under the pressures 
which are usually obtained from the ordinary 
generating appal atus this has not proved success- 
ful. Acetylene, when consumed in an atmo- 
spheric burner, gives an excessively hot flame, 
not only on account of its composition, but also 
from its endothermic character. Several diffi- 
culties, however, are met with in trying to bum 
acetylene mixed with air in suflicient proportion 
to yield a non-luminous flame, namely : 

(а) The wide range over which such mixtures 
are explosive. 

(б) The low temperature of ignition. 

(c) The high speed at which the explosive 
travels through the mixture of gas and air. 

In order to make a bunsen burner for acetylene 
the tube has to be very narrow, and even then 
flashing very liable to occur, whilst a 

high pressure is needed to bring about a satis- 
factory mixture of the gas with sufficient air to 
ensure combustion with an absolutely non-* 
luminous flame. The range of explosibility lies 
between 3 p.c. and 82 p.c. of acetylene in tfie 
mixture, and the propagation of the explosive 
wave cannot be stopped by the ordinary device 
of using wire gauze, on account of the low 
ignition point of the mixtures. By using a tube 
I mm. in diameter the explosion ceases to be 
propagated at all, but such tubes, on account of 
them small diameter, cannot be utilised singly. 
The difficulty can 1^ surmo^gited by using a 
buii(^|L of sr^ tubes united^ to form a sii^Ie 
buiB^ or by employing a large tube havmg a 
oonsldction at ong point of not jxtore than ^ mm. 
diaffieter. Thf dfiaijaeter of the tube 'at the 
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constriction must be in a definite proportion to 
the particular mixture of aif and acetylene con- 
sumed, as the more air the greater must be the 
constriction in the strangulated portion of the 
tube, owing to the increased velocity of the ex* 
plosive wave. 

With an acetylene bunsen, and using a 
Wels&ach No 2 mantle, as much as 90 candles 
per cubic foot of acetylene has been obtained. 
It may be taken that when used with a mantle 
acetylene w’ill give double the illuminating power 
per cubic foot as compared with the light 
obtained when the gas is burnt m the ordinary 
acetylene flat-flame burners under the best 
conditions, but very widely different results 
have been obtained, owing to irregularities in 
the pressure or lack of air regulation, and at 
the momeni of lighting or turning out there is 
a liability of a small but violent explosion, 
which has disastrous effects upon the mantle. 
A further difficulty is caused when phosphoretted 
hydrogen is present as an impurity, for this 
leads to the formation of fusible phosphates of 
thorium and cerium, with consequent destruc- 
tion of the mantle. Apart from these con- 
siderations, the mantle appears to be hardened 
and strengthened by the mtenso !|yeat to whicJi 
it is subjected, but it is not yet determined » 
how the life of the mantle is affected by the 
tcmjtorature of tlm flame, 

Under the lignt yielded by the combustion of 
acetylene colours ap])ear practically the same 
as m daylight, and all tints and shades can be 
as clearly distinguished from one another as in 
sunlight. For this reason the gas has been 
found to be of invaluable utility in dyeing and 
colour printing. The spectrum of acetylene, 
however, altliough the same as that of daylight 
for red and yellow, has an increase in the blue 
rays of 0*40, which biings them to about the 
same value as the Northern Light. The violet 
rays show a slight iqjpease, so that acetylene 
is even richer than sunlight in the rays which 
are so essential to the chemical action of light, 
and yet the red rays which are so detrimental 
in colour work do not predominate, as in the 
electric arc. 

Acetylene has been foun^of great service m 
the illumination of small towns and country 
villages, and for isolated houses and farms. It 
has been employed m photography on account 
of its richness in actinic rays. For headlights 
on motors, for train lighting, for buoys, and 
in fact in a number of cases where bright and 
trustworthy light is required without the com- 
plicatioiV of a coal-gas works or the dangers of 
oil, acetylene has proved its worth. 

It has been found that the rays from an 
acetylene light, possess reiffarkable penetrative 
powers in fog or mist, being in this respect 
superior to the arc light or incandescent mantle. 

Storage oj diasolved Acetylene * — In the early 
days of the development of acetylene for com- 
mercial purposes attempts were made to employ 
it in a liq|^uefied form or compressed, but u^er 
pressure tne gas prove4 too dangerous. Even 
at 2 atmospheres pressure acetjdene free from 
oxygen can be exploded. It was enacted in 
1807 that the gas snould never subjected to 
a pressure exceeding 100 inches of water.(about 
4 lbs. per squaie'inoh) ; later this was raised 
tp 250 Inohes. 
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In 18d5 Claude and Hess, in France, si^- 
gested the idea of making use of the solubility 
of acetylene in certain liquids as a means of 
storing this gaSI, and acetone was tried as the 
solvent. Acetone dissolves 24 times its volume 
of acetylene at 15° and under ordinary atmo- 
spheric pressure, the solubility increasing pro- 
portionately with pressure. The volumelof the 
acetone also increases very largely, fft was 
found that the simple solution of acetylene in 
acetone, although less liable than the com- 
pressed or liquefied acetylene to explosion, 
could not bo said to be sufliciontly free from 
danger to admit of its general use. Janet and 
Fouch^ discovered that when acetylene is 
dissolved in acetone absorbed by porous material 
of the right kind under 10 atmospheres pressure, 
it was impossible to produce explosion. The 
practice in this country for the storage of 
acetylene is to fill a cylinder with porous material 
{porosity about 80 p.c.), then to add a volume 
of acetone equal to 40 p.c. of the original 
cylinder volume, and pump in the gas to a 
pressure of 150 lbs. per square inch. In 1001 
this was fixed as the legal pressure limit. Thus 
a cylinrler of 1 cubic foot capacity containing 0'4 
cubic foot ]^f acetone will hold 100 cubic feet of 
the gas, most of winch will bo given off when 
the valve is opened. 


There are prad 
terials in use fc 


r only three porous ma- 


ctjcally c. 

absorption T>f dissolved acety- 
lene m the United Kingdom : (a) a porous 
agglomerate of asbestos, kieselguhr, and char- 
coal, and a suitable cement ; (6) charcoal filling ; 
(f ) kapok filling. The porosity should not exceed 
80 p.c. The solvent must not completely fill the 

E orous material under any rise of temperature 
kely to be experienced. With the present type 
of cylinder, the pressure at present allowed, i.e. 
150 lbs, per sq. m., should not be increased ; for 
solid di-awn cylniders and for those of 100 cubic 
feet capacity and over in which the acetylene- 
welding at the top and bottom is strengthened, 
the pressure allowed might safely be mcreased 
to 225 lbs. per square inch provided a solvent 
is used m addition to the porous material. 
The best material for the construction of 
cylinders is a mild steel of high ductility, of 
which tho carbon content does not exceed 
0 25 p.c. and the phosphorus and sulphur each 
do not exceed 0*05 p.c. Tho test pressure 
should be four times the working pressure and 
should be maintained for not less than fifteen 
minutes (Home Office Report, J. Soc. Chem. 
Ind, 1918, 116.4). 

Acelylem Wdding and Metal Cuitirvy. — Acety- 
lene is largely employed for autogenous weldmg 
and for metal cutting ; in the latter case extr J 
oxygen being suAlied so that tho metal itself 
is Durnt away. The temperature of the t)xy- 
aoetylene flame is approximately 3000°, and 
from the nature of the combuftion the flame 
has a reducing action tending to exclude the 
possibility of oxidation of the metals undergoing 
treatment. Theoretically 2*6 volumes of oxygen 
are required for each volume of acetylene, but 
in practice it is found that the proportions are 
approximately 1*4 to 1*0, this low proportion of 
oxygen ensuing a reducing action in the flame. 

There are two systems of operating ; in the 
high-pressure system the oxygen is delivered 
from an ordinary cylinder unemr pressure, and 


the acetylene, dissolved in awtone under 
pressiire, is also supplied from cylinders. Both 
cylinders are fitted with special^ governors, as a 
perfect regulation of the fiame is one of the 
main conditions of success. This system has tips 

t reat advantage of a portable outfit, and can 
e ^iplied in confir^i spaces, but it is more 
oxpeWve than tht^afeemative system. 

With the low-pressure plant the acetylene is 
made in an ordinary generator, which may be 
of the automatic or non- automatic type, the 
size of the works to a great extent influoneing 
tho kind of generatoj^ used, but, whatever type 
bo adopted, it is necessary that the generation 
of tlie gas should not be ^.ocompaniea by over- 
heating, S..S this leads to low temperatures at the 
burner and other troubles. The gas should bo 
purified before use, as the presence of the 
phosphoretfed and sulphurettod hydrogen would 
tend to spoil the weld, and the purifying agent 
should be renewed when necessary. After 
leaving the purifiers the gas is distributed to the 
various points in tho workshop in gas- or 
steam -barrel piping, and at each point a hy- 
draulic back-pressure valve is inserted, in order 
to prevent the oxygen through any mischance 
flowing back ^.lirough tho acetjdene service. The 
use of an efficient water- trap is a sufficient safe- 
guard in practice. ^ 

The lirst successful blowpipe was the Fouche, 
employed with the low-pressure system, and 
this type has held its own in spite of the com- 
petition of other patterns. After the weld has 
been made the plate is annealed, this being 
essential. Although the results of tests up to 
tho present arc not very consistent, it may be 
taken that, on the average, the welded joint 
has a tensile strength from 96 to 80 p.c., 
depending on th^ thickness of the plaffi. 

There are many classes gt work in which 
oxy-acctylono welding can be advantageously 
employed. In tho motor-car industry, both 
in the garage and repair shop, it has proved of 
great service, it being a comparatively simple 
matter, for instance, to mend a cracked cylinder 
or gear-box. For the welding of tubes, repairs 
to boilers in situ needed by corrosion, &c., 
for the mending of fractured stems and stern 
posts, the process has been invaluable. 

Iron and steel (including thick armour plate) 
are now commonly cut with oxy-aoetylene olow- 
pipes with great saving in time and Cost. The 
method is not*8o suitable for cast-iron. The 
blowpipes are made with a central oxygen supply 
jet, the acetylene serving to Hea^hg metal to 
its ignition point, when the excfISIfxygen bums 
it to oxide, which flows away in a molten 
condition. The ratio of acetylene to oxygen 
employed varies from 26 p.c. for thin plate to 
4 10 p.c. for the thickest. Tne following rates of 
! cut and oxygen consumption are attained : — 


Thickness 
of plate. 

Foot run of cut 
per hour. 

Oxygen consumed 
per ft. mm 

1 

40 

2*2 

3 

20 

9*0 

• 6 

18 

28-0 

9 

• 16 

m 

12 

; 10 ' 

mo 

% 

• 

• 
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Aeelylene for Poyier<^urpom » — Owing to the 
violence of the explosion when mixed mth air 
acetylene is liable to give unduly high pressures 
in the cylinders of internal oomousuon engines. 
tk^Moreover, it is too expensive to compete with 
other fuels. Tests on^ngines of a few|hor8e- 
wwer have shown ^nsumptions of ' about 
6*3 cubic feet per B.H.P. hc^ar. It has, however, 
been successfully employed, particularly in the 
United States, for starting up motor oar engines, 
the advantage of the gas for this purpose is 
obvious where it is carried in the compressed 
form (in acetone) for the usual lighting sets. 
The violence of the exi>'osion has to be guarded 
against, otherwise damage to the engine may 
result. J. S. a. B. 

ACBTYLSAUCYLIC ACID ». SauoylicAcid. 
ACHRODEXTRIN v. Dextbin? 


centrations of the ions and molecules, and where 
■“ + 

as in the case under discussion M §nd H are very ^ 
small in comparison with ^ 

Any increase in the value of H, which is 
effected by adding a small quantity of a fairly 
stroi^' (ionised) acid to the solution, leads to a 

corresponding diminution in the value of M. 
The reverse change, leading to an increase in 

the value of M, ^vith a corresponding decrease 
+ 

in the value of H, is effected by adding a ^ht 
amount of a fairly strong (ionised) ^ali hy- 
droxide, since the equilibrium H X OH = constant 
obtains in aqueous solutions, and the alkali added 
increases considerably the value of the factor 


AOHYRANTHES ASPERA or Aghara. An 
Indian plant used as a simple and as a remedy 
for toothache. 

ACID ALBUMEN o. Pboteins. 

ACID ALIZARIN, -BLUE, -GREEN Ali- 

ZABIN ABD ALLIED GOLOURINO MATTERS. 

ACID CERISE V. Tbiphbnylmethanb 


COLOURING MATTERS. 

ACID GREEN v. Triphenylmethanb 

COLOURING MATTERS. 

' ACIDIMETRY and ALKALIMETRY. This 
branch of quantitative analysis dealing with the 
estimation of acids and alkalis is of great 
technical importance. In pure aqueous solu- i 
tions the amount of acid or alkali can usually 
be ascertained with considerable accuracy by 
determining the specific gravity of the liquid 
at a definite temperature and referring to a table 
e^cial^ drawn up for this purpose. 

Direct estimations may j^lso be made by 
suitable gravimgtrio methods, but volumetric 
processes are almost exclusively employed, and 
are indeed the only methods available for 
distinguishing between free and combined acid 
or alkali. In these operations the quantity of 
acid or alkali present is calculated from the 
amount of standard alkali or acid required 
respectively to neutralise it exactly, the precise 
point of neutralisation being determined by 
the addition of a small quantity of an indicatory 
i.e. a substance which by undergoing a marked 
change of colour renders evident the transition 
ffom acidity to alkalinity, or vtce versd. 

Indicators* Although many natural and 
artificial colouring matters have been recom' 
mended as indicators, comparatively few are 
actually ‘tDlbiJf those most frequently employed 
being methyl orange^ phenolphthcUeXny and Utmiis. 

^ifioial indicators are either very weaknj 
organic acids or (more rarely) weak bases, and 
the prevalent view regarding their behaviour w 
that in solution their colour in the nondonised 
state differs from that which they exhibit in 
the ionic condition. 

In accordance with the ionic theory of solu- 
tion* c very weak acid HM exists in solution, 
but not entirely, in the non-ionised state, 
eq^ibriuxD between ions and undissooiated 

moleoules being ^pressed quanti- 

tative)^ by the equation 
- + 

• MxHy'HMw* constant / 
in which the symbols denote the molecular con- 


OH. If the acid HM and the ion M differ in 
colour, then, in any solution containing this 
acid a change from acidity to alkalinity, ».e. from 
+ — 

a state in which H predominates over OH to the 
reverse condition, may be indicated by an appre- 
ciable change of colour. The degree of ionic 
dissociation of the indicator HM n^ist, however, 
be considerably smaller than that of either acid 
or alkali employed in the titration ; moreover, 
another acid H^, havingoa smaller degree of 
ionisation than HM, will indioate the transition 
with even greater precision, providing that the 
recognition of the colour-change is not more 
difficult. The quantity of indicator employed 
must be so small that the amount of alkali 
required to neutralise it is negligible. 

For Theory of Indicators, v. Ostwald (Scien- 
tific Foundations of Analytical Chemistry, trans- 
lated by McGowan), Kiister (Zeitsch. anorg. 
Chem. 1897, 13, 127), Waddell (J. Phys. Chem. 
1898, 2, 171), VaiUant {Compt. rend. 1903, 136, 
1192), Stieglitz (J. Araer. Chem. Soc. 1903, 25, 
1112; Amer. Chem. J. 1908, 39, 661 ; 1909, 42, 
115), McKoy (Amer. Chem. J. 1904, 31, 603), 
Hewitt (Analyst, 1908, 33, 85), Salm (Zeitsch. 
physical. Chem. 1906, 57, 471 ; Zeitsch. Elek. 
Chem. 1907, 13, 125), Salessky (Zeitsch. Elek. 
Chem. 1904, 10, 204), Fels ffieitsoh. Elek. Chem. 
1904, 10, 208), Schoorl (Chem. Zentr. 1907, i 
3(K), 602, 686), Hantzsch (Ber. 1907, 40, 1666; 
nK)8, 41, 1187; 1916, A8, 168), Rohland (Ber. 
1907, 40, 2172), Acree (Amer. Chem. J. 1908, 
39, 528, 649, 789), Handa (Ber. 1909, 42, 3179) ; 
and cf. Noyes for the physico-chemical theory (J. 
Amer. Chem. Soc. 1910, 32, 816), Wegsoheider 
(Zeitsch; physikal. Chem. 1016, 90, 641). 

Indicators may be divided broadly into three 
classes: (i.) Those insensitive to very weak acids, 
sqch as carbonic, boric, and hydrosulphurio 
acids ; these indicators comprise among others 
methyl orang^. laemoidy cocMnealy and iodoeoein. 
(ii.) Those somewhat sensitive to weak acids, 
although as a rule these acids cannot be 
accurately titrated with their aid; if weak 
volatile acids such as carbonic acid axe te- 
moved by boiling, these indicators fwt like 
those of the first class towards fairly strong 
acids and bases. Litmus is the chief represen- 
tative of this group, (iil) Those WgMy sensitive 
even to weak adds. This class contains phefid- 


j^hale'in, turmeri^t and rosolic acid {v. ulaser, 
l^tsoh, anal Chem. 1899, 38, 273; Wagner* 
Zeitsob. fmtg, Chem. 1901, 27, 238). 
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* The more important indicatora are de- Lacmeid {Ehorcin iEm), This substanoe 
loribed below in alphabetical order. is ob^ined by heating gradually 'to liO® 

Aurin [Chmmmial or jiara-RosoUc add) a mixture of 100 parts of reaoVoinol, 5 parts 
is a mixture of several substances, produced of sodium nitrite, and 6 parts of water. When ^, 
by heating together phenol and oxalic and the violent reaction moderates, the mass is heate§^ 
sulphuric acids; it appears in commerce in to 11^-120® until evol^ion of ammonia ceases, 
yellowish-brown resinous lumps. A 1 pAC. solu- The ^oduct is a gMstening reddish powder 
tion in 60 p.c. alcohol is employed, 0*6 c.ofbeing {Traub and Hock, lE^r. 18847T7, 2616). ft owes 
added to the solution to be titrated. In acid its distinctive properties to lacmosol, which can 
solution the colour is pale yellow^ in alkaline be isolated and purified by a method described 
solution rose^ed. This indicator is veiy sensi- by Hottinger (Bioohem. Zeitsoh. 1914, 66, 177). 
tive and well adapted for titrating barium The turning-point of the pure indicator is far 
hydroxide solutions, but it is afi!eoted by carbon sharper than that of iSie ordinary preparation, 
dioxide and hydrogen sulphide. A 0 3 p.c. alcoholic solution is employed ; a 

Cochlfieal. The colouring matter m the ” better colour change is produced if 6 grams of 
product obtained from the dried female insect naphthol green are dissolved in a litre of this 
Coccus cacti {UmL), ia termed cammte acid, solution {Zeitsch. angew. Chem. 1890, 3, 163). In 
The best trade product, which is called ‘ silver alkaline soliftion the colour is blue ; in acid, 
cochineal,’ was first recommended as an indicator red. Although these colour changes resemble 
by Luckow (J. pr. Ghcm. 1861, 84,424; Zeitsoh. those of litmus, the indicator is more closely 
anal. Chem. 1862, 1, 386) ; 3 grams of the sub- allied to methyl orange. It is only slightly 
stance (not pulverised) is extracted with 260 c.c. affected by carbon dioxide, although oirect 
of dilute alcohol (1 vol. alcohol : 3-4 vols. water), titration of carbonates is not satisfactory in 
and the clear liquid decanted. In alkaline solution cold solution; laemoid test paper may, how- 
the colour is violet, in acid yellowish-red. This ever, be used in almost any experiment for 
indicator, which is very sensitive to strong acids which methyl orange is suitable. This indicator 
and bases, ^ extremely useful in titrating is useless for organic acids, 
ammonia ; it is scarcely affected by carbon Litmus occurs in commerce in the form, of 
^oxide. The colour-change is well defined even small cubical granules mixed with a large pro* 
in artificial light. CSohineal iie however, useless portion of calcium carbonate. An aqueous solu* 
for titrating organic acids ; and iron, aluminium tion of this product not only contains free alkal i, 
and copper salts must be absent, since their but also a variable proportion of colouring 
solutions remam pmk even when acid. matters which interfere with the delicacy of the 

Curoumln (Turmeric yellow). The colouring reaction. Special precautions must therefore be 
matter from the roots of Cwxutna longa (Linn.) taken in preparing the solution for use in 
is turned yellow by acids and reddish-brown by al- acidiraetry. Various processes have been recom* 
kalis; itis nearly always employed as a <e.s<.papcr, mended by Berthelot and De Meurieu (Ann. 
and is useful in detecting ammonia and bone acid. Chim. Phys. 1 866. [4] 6, 189), Wartha (BIr. 1878, 
Gallein {Alizarin violet, Pyrogallolphtha- 9, 217), Mohr (Tilrirmethode), Luttke (Zeitsch. 
IcKn), This compound, prepared by heating anal. Chem. 1892, 31, 692). The lollowing method 
together pyrogallol and phthalio anhydride gives excellent results : The litmus is extracted 
(Baeyer, Ber. 1871, 4, 467, 666, 663), was pro- three or four times with boiling methylated 
TOsed as an indicator by Doohan (Pharm, J. 16, alcohol of 86 p.c. in order to remove the injurious 
849). A O'l p.c. alcoholic solution is used, colouring matters, the residue is extracted with 
10 drops being added to 100 c.c. of liquid. In cold water, slightly aoid^ed with sul^^uric acid, 
airline solution the colour is reddish-violet, in and boiled to expel carbon dioxide. The extract 
acid paU-brown. This indicator is scarcely is neutralised with baryta water, a few bubbles 
affected by carbon dioxide, and can be used in of carbon dioxide passed in to remove excess of 
^he accurate titration of organic acids. baryta, and the liquid again boiled and filtered. 

lodoeosln {Tetraiodojluorescein, Erythrosin The solution should contain about 20 grams of 
B.) , This substance, prepared by iodating solid matter per litre, and must be kept m vessels 
fluorescein, is a brick-red powder soluble in to which the air has free access, if kept in 
hot alcohol or in ether, but almost insoluble closed vessels it undergoes fermentation and is 
in water or cold alcohol ; it was first recom- decolourised. The colour is r^tor^ when the 
mended by Mylius and Forster (Ber. 1891, 24, liquid is exposed to air. The«<8!8!IF of. the 
1482) ; ^ 0*5 gram of the sodium derivative of solution should be purple ; it turns blue with 
iodoeosin is dissolved in 1 litre of water, 2’6 c,o. »alkaliB, and red with acids, and is afiwted by 
are added to the solution to be titrated together carbon dioxide, sulphur dioxide, and hydrogen 
with 6 c.o. of chloroform, the mixture beihg mdphide. (For the relative merits of litmus and 
eimken in a stoppered bottle during titration, methyl orange, v. Reinitzer, Zeitsoh. angew. 
\me alkaline the aqueous laye# is rose red, Chem. 1894, 647, 674 ; Lunge, ibid, 1894, 
when aoxd the aqueous layer becomes colourless, 733.) 

a^ the ohlorofortn assumes a yellowish tint The colour change is rendered more delicate 
Soo. 1899, 21,359; M. by conducting the titration in Hie monoohro* 
and F. used ether instead of chloroform ). With matic light obtained by heating a bead of sodiom 
this indioatov, oentinormal or even millinormaj carbonate in a bunsen flame^L. Henry, Comp!* 
joIuHons can be titrated ; it is indifferent to oar- rend. 1873, 76, 222). The red solutfim seems 
hem dioxide, au4 phoyihorio acid can be titrated colourless, whilsMhe blue solution is idmost Uaclc. 
as .a monobasic aoia with sodium hydroxide Litimis is not adapted for use by or 
(GIficfcsmann, Chem. Zontr. #1902, (L) 1131). lamp-light. 

jeoble ba^, such as the alkaloidi, may also Lfii^eoL The preparation if thW subHanoe, a 
be titrated, using iodoeosin as indicator. * hydioxychlorodi]^enyiquinoxaline, is desttibed 
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by Autenrietli (Arch. Pharm. 1895, 233. 43), and 
by Glaesa and Bernard (Mon. Sci. 1900, H 809); 
it forms hne, ’^voolly, yellowish needles, m.p. 246*. 
A0‘33p.c. alcoholic solutionis used as an indi- 
cator. In alkaline solution the colour is yellow ; 
in acid it is colourless. This indicator is said to 
be remarkably sensitive excelling Nesslw’s solu- 
tion as a test for ammonVa ; but it is sensitive 
to carbon dioxide (Higgins, J. Soc. Chom. Ind. 
1900, 19, 968). It was especially recommended 
by Autenrieth for use in Kjclildahrs process {v. 
Analysis). 

Methyl orftnge [Heytonthin, Poirrier's Oraiuje 
111.), This substancfc, prepared by diazotising 
sulphanilio acid anh coupling the rca»ilting diazo- 
nium salt with dimethylaniline, was iniroduood 
as an indicator by Lunge (Ber. 1878, 11, 1911 ; 
J. Soc. Chem. Ind. 1882, 1, IG).^ One gram of 
pure methyl orange (either the free acid or ii,.s 
sodium salt) is dissolved in 1 litre of water, and 
two drops of this solution are added in each 
titration ; if, owing to dilution during the 
titration, the colour becomes too faint, another 
drop of the indicator is added ; on no account 
should too much indicator be used, since the 
colour change, from yellow in alkaline to pink 
in acid solution, is not sharp in 6uch circum- 
stances. Methyl orange is exceedingly usidul, 
since its indications are practically unallectcd 
by the presence of carbonic, hydrosulphur ic, 
boric, and silicic acids ; carbonates and sulphides 
may therefore bo titrated in cold solution as if 
they were hydroxides. All titrations must be 
made with this indicator in cold aqueous solution, 
and, since methyl orange is not very sensitive as 
compared with various other indicators, the acid 
or alkali employed should be fairly concentrated. 
«lt is^ddvisable lo employ normal solutions, 
though with N/2 or even*N/6 solutions it i.s 
possible to determine an end-point to within a 
single drop. With N/10 solutions, especially 
when carbonates are being titrated, there is a 
distinct hrownish transition tint between the 
yellow and pink, and results may be uncertain 
to the extent of one or two drops {cj. Kiister, 
Zeitseh. anorg. Chem. 1897, 13, 140). 

The addition of indigo-carmine to methyl 
orange has been recommended by Luther (Chem. 
Zoit. 1907, 31, 1172), who states that the colour 
change is very pronounced. Ethyl orange is 
..stated by Wieland to be even better than methyl 
orange (Ber. 1883, 16, 1989). 

Methyl red. This substance, prepared by 
diazotising anthranilio acid and coupling the 
resmtnr>|,*iiin zonium salt with dimethylaniline, 
was introduced as an indicator by Kupp and 
Loose JBer. 1908, 41, 3906). A 0-2 p.c. alco- 
holic solution is employed, and two drops of 
this are added in each titration. The colour 
change is from a pure yellow in alkaline w a 
reddish-violet in aoid solution, and is very pro- 
nounced. This indicator is very sensitive, and 
can be used for titrating weak bases in centi- 
normal solution. Ordin^y sodium hydroxide 
solutions containing a little carbonate can be 
accurately titrated m the cold. 

According to Thomson (Analyst, 1014, 39, 
518) methyl red gives a shiMiper end point than 
methyl orange, and its sensitiveness, ^unlike 
that of methyl orange, is not greatly affected 
by ^ presence of neutral salts. Wheit methyl 
ii used^ the titration of carbonhtes, the 


solution must be boiled after each addition o 
the acid. See also Lehmann and Wolff, Arch 
Pharm. 1917, 266, 113. 

For obsoiTations on the behaviour of indi 
cators of the methyl-red type, see Howard anc 
Pope, Chem. Soc. Trans. 1911, 1333.- 

Pbenacetolin, fii’st recommended by Degenei 
(Zeil. d. Ver. f. d. Rubenzuckor Industrie, 1881, 
367 ; .1. Soc. Chem. Ind. 1882, 1, 86), is prepared 
by boilmg together for several hours moleculai 
proportions of phenol, acetic anhydride, and 
sulphuric acid. The product is extracted with 
water to remove excess of acid, dried and dis- 
i solved in alcohol in the proportion of 1 gram to 
600 c.c. It IS pate yellow with alkalis, ted with 
carbonates of the alkalis and alkaline earths, 
colourless or pale yellow with acids. It is used 
for estimating both hydroxide and carbonate 
when present in the same solution. 

Phenolphthalein, obtaim d by heating phenol 
with phthali(! anhydride and concentrated ^1- 
phuric acid (IJaeyer, Annaleii, 1880, 202, 69), 
was proposed as an indicator by Luck (Zoitsch. 
anal. Clicm. 1877, 16, 322). Ono or two drops of 
a 0 6 p.c. alcolioho solution are used in each 
titration. In alkaline solution the colour is red ; 
the acid solution is colourless. Ogring to its very 
weak acid character, phenolphthalein is the 
indicator par excellence for organic acids ; it 
is useless, Jioijjcvcr, in*)tho presence of am- 
momiim salts, and since even carbonic and 
bydrosuljihunc acids discharge the rod colour, 
it is neccs.sary to wojk with solutions fi’oe from 
tlieso acids or titiatc in boiling solution ; hence 
its use 18 somewhat restricted (c/. McBaiii, 
Chem. Hoc. Trans. 1912, 101, 814). A con- 
venient method of titratmg organic acids with 
ordinary sodium hydroxide solutions using 
phenolphthalein as indicator, is described by 
Philip (Chem. Hoc. Trans. 1906, 87, 991); c}. 
McCoy (Amcr. Chom. J. 1904, 31, 603) ; and 
Schraatolla (Ber. 1902, 36, 3906). 

Turmeric r. CtntcuMiN. 

Many other indicators have been proposed 
from time to time, among others the following : — 

Alizarin (Hchaal, Ber. 1873, 6, 1180); 
Ahzann-red 1. W.S. (Knowles, J. Soc. Dyers, 
1907, 23, 120) ; Congo-redff cyanine (Schonbein, 
J. pr. Chem. 1865, 95, 449 ) ; cyanogen iodide 
(Kastle and Clark, Amer. Chem. J. 1903, 30, 87) ; 
diaminazoatoluenesulphonic acid (Troeger and 
HiUe, J. pr. Chem. 1903, 68, 297) ;/cm’c salicylate 
(Weiske, J. pr. Chem. 1876, 12, 167 ; Wolff, 
Compt. rend, 1900, 130, 1128; Gerock, Chem. 
Zentr. 1900, ii. 1294) ; Jlavescin (Lux, Zeitseh. 
anal. Chem. 1880, 19, 467) ; fluorescein (Kruger, 
Ber. 1876, 9, 1672 ; ZeUner, Chem. Zeit. Rep. 
1901, 25, 40) ; hcematoxylijit (Wildenstein, Zeitseh. 
^nal. Chem. 1863, 2, 9) ; metanil yellow (Linder, 
J. Soc. Chem. Ind. 1908, 27, 486) ; methyl-3- 
aminoquin^ine (Stark, Ber. 1907, 40, 3434) ; 
extract of mimosa flowers (Robin, Compt. rend. 
1904, 138, 1046) ; para-nikophenol (Langbeck, 
Chem. Nows, 1881, 43, 161 ; Spiegel, Ber. 1900, 
33, 2640 ; Zeitseh. angew. Chem. 1904, 17, 716 ; 
Goldberg and Naumann, Zeitseh. angew, Chem. 
1903, 16, 644) ; paranitrobenzeneozo-a-imphthol 
(Hewitt, Analyst, lp08, 33, 86) ; and PoirriePs 
blue C4B (Engel, Compt. rend. 1886, 102, 214) ; 
2'6- Vinitroqumol (Henderson and Forbe^, J, 
Amer. Chem. S6o. 1910, 32, 687) ; di-o-hydroxy- 
Myryl ketone {lygosin) (Fdrenz); l-oxynaphiho- 
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ehiTwmetham (Nierenstein) ; Q-sulpho-a-mpMhoU The relative sensitiveness of the more im- . 
l~azo-m~hpdroxybensxiicacid{HQUBt) i 2'Q-dimiro- portacft iudioators awf their behaviour under 
aminophenol (isopicramic acid) (Meldola and various conditions have been investigated J>y 
Hale) ; alizarmmonosul'phonic acid (Knowles) ; Wieland (Ber. 1883, 16, 1989), and espeoialh^ 
myrtle berry ( Vacciniua myrtillus, L.) juice, the by Thomson (Chem. News, 1883, 47, 123, 13^^ 
colouring matter of which is (jcnooyanin, the 184 ,* ,1884, 49, 32, 38,^119; 1886, 62, 18, 29), 
red colouring matter of wine ; red beetroot whos6 results are sunwaarised in the following 
extract (Chauvierre). / table : — • 


- 

Litmus 

Laemoid 

Aiirin 

Methyl orange 

Phenacetolin 

Phenolphthalein 

SensitivenesB . • . 

005 

001 

001 

005 

9 O'Ol 

0*01 

Hot aolutiuos . • 

Available . 

Available . 

— 

— 

• 

— 


Available . 

Available . 

Available . 

Available . 

Av^laM^ . . 

NotaffCTted . 

Not available 


Not affected 

Not affected 

Lessseusitive 

Lesssensitlve 

Not available 

T^eutral alkaline salts 

Not affected 

Not affected 

Not affected 

Lessseusitive 

Not affected . 

Not affected 

Carbon dioxide . 

Indefinite . 

Indefimte . 

Indefinite . 

Not affected 

Colour changed 

Indefinite 

Hydrogen sulphide . 

Indefinite . 

Decolourised 

Iiidelliiite . 

Not affected 

Not affected . 

Indefinite 

Alkaline carbonates . 

Indefinite . 

Indefinite . 

liidefliiito . 

Alkallhe . 

Bed colour . 

Alkaline 

Alkaline bicarbonates 

Indefinite . 

Indefimte . 

Indefinite . 

Alkaline . . 

— « 

Neutral 

Sulphites .... 

Indefinite . 

Alkaline. . 

Neutral . . 

Alkaline . . 

Not available . 

Neutral 

Acid Bulpldtes . . 

Indefinite . 

Neutral . 

Acid . . . 

Neutral . . 

Npt available . 
Neutral . . 

Acid 

Silicic acid . . . 

Neutral 

Nc'jtral . . 

Neutral . . 

Neutral . . 

Not available 

Alumina .... 

Indefinite . 

Alkaline. . 

Indefinite . 

Alkaline . . . 

Neutral . , 

Neutral 

Boric acid. . . . 

Indefinite . 

Indefinite . 

Indefinite . 

Neutral . . 

Indefinite , . 

Indefinite 

Sodium tliiosulpiiatc. 

Neutral 

Neutral . . 

Neutral . . 

Neutral . . 

Neutral . . 

Neutral 

Sulpiiides .... 
Hymosulpliidos . . 

Alkaline . 

Not available 

— 

Alkaline . . 

Alkaline . . 

Alkaline 

Indefinite . 

Not available 

— 

Alkaline . . 

— 

Neutral 

Potassium nitrite. . 

Neutral 

— 

Neutral . . 

Destroyed , 

Neutral . . 

Neutral 

Oxalic acid . . 

Available . 

Not available 

Available . 

Not avjillable 

Not available . 

Available 

Phosplioric acid . 

Indefinite . 

Monobasic . 

Indefinite . 

Monobasic . 

Indefinite . . 

Dibasic 

Arsenic acid . . . 

Indefinite . 

Monobasic . 

Indefinite . 

Monobasic . 

Monobasic 

Dibasic 

Araenious acid • . 

Neutral 

Neutral . . 

Indefinite . 

Neutral . . 

Neutral . . 

Indefinite 

Phenol « 

Neutral . 

Neutral . . 

Neutral . . 

Neutral . . 

Neutral . . 

Indefinite 


The sensitiveness is measured m c.c. of 
rlecinormal acid required to produce a distinct 
change when the volume of the liquid is 100 c.c. 
It should be bOme in mind, however, that the 
sensitiveness of many indicators changes (usually 
diminishes) in the presence of considerable 
quantities of dissolved salts. Where a reaction 
is given os ‘ indefimte,’ it is not meant that there 
is no oli'ect, but that the change is not suHi- 
ciently sharp to be available in analysis. In 
many cases where tlie reaction is indefinite m 
cold solutions it becomes definite if the liquid 
is boiled, c.g. litmus with sulphides, sulphites, 
and carbonates ; phenolphthalein with sulphides 
and carbonates. Laemoid is most serviceable 
in the form of paper, and several of the reactions 
which are unsatisfactory v/ith the solution are 
sharp and distinct with the paper, e’g. with 
carbonates, sulphides, and sulphites. 

Gawalowski recommends (Zeitsch. anal. 
Chem. 1883, 22, 397) the use of a mixture of 
methyl orange and phenolphthalein, which is 
deep-red with excess of alkali, pale-yellow when 
neutral, and rose-red with excess of aci§l. Com- 
pare also Schh'tz (Zeitsch. Elek. Chem. 1904, 10, 
549) on mixed indicators. 

Walpole (Biochum. J. 1914, 8, 628) gives 
a chart of hydrogen ion concentration dftta 
representing the sensitive ranges of all the 
indicators m general use, both ii colorimetric 
and ‘ end-point ’ processes. 

PrepaTfttloii ol Standard Acids and AUialis. 

Standard solutions of acids and alkalis are 
usually prepared on the normal basis, the normal 
solution of a chemical reagent containing one 
gram-equivalent of the substance in one litre of 
the solution (v. Analysis, Volumetric section). 

In aoidimetry and alkaliusetry it is essential 
to have a standard solution of some acid or 
alkali, the ooncentration of which is known wtth 


ardiso the other-i. Various suggestions have 
boon made, but the general choice, at least for 
technical purposes, has 1 alien on hydrochlorio 
acid as the standard aciU; sulphuric acid is 
frequently employed and, less often, oxalic acid. 

The commonest method of fixing the exact 
concentration of |he hydrochlorio (or Sfllphuifb) 
acid consists in titrating the aci^ against weighed 
amounts of pure anhydrous sodium carbonate, 
a process originally employed Gay-Lussac, 
and strongly recommended by Lunge, Sutton, 
and Treadwell. Separate weighed quantities of 
the pure carbonate are dissolved in 60-100 c.c. 
of cold distilled W'ater^and each titrated with 
the acid, using methyl orange as indicator. The 
concentration of the acid solution is calculated 
from each result, and the mean of the concordant 
values adopted as correct. Chemically pure 
sodium carbonate is obtainable in commerce, 
and should be free from all but traces of chloride 
and sulphate ; it is dried in a platinum crucible 
with continual stirring for 20-30 minutes at 
such a temperature that the cruc ible botto m is 
barely red hot, or the cruciblef*9lH)639ed in 
sand, may be heated at 300** for hall an hour. 
(Pure sodium carbonate may also be prepared 
by heating the bicarbonate at' a temperature 
aot exceeding 300® (Lunge, Zeitsch. angew. 
Chem. 1897, 10, 622). Sulphates and chlorides 
are removed from the bicarbonate by washing 
with cold water. (I'or the preparation of pure 
sodium bicarbonate, t. Reinitzer (Zeitsch. angew. 
Chem. 1894, 7, 661), and North and Blakey (J. 
Soc. Chem. Ind. 1906, 24, 396).) 

The foregoing method, although extensively 
used, has been adversely criticised, the chief 
objdotion being M[at it is impossible to dehydrate 
the ^carbonate oa bicarbonate ^without losing a 
little too much carbon dioxide. It is assen^d 
that*jfodium oxide is pteseftt even 'ifben the 
temperature of drying ^ not^exoeedw 170®; 
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* Higgins (J. Soc. Cheqi. Ind. 1900, 19, 958); 
8dn^en and Andersen (Zeitsch. anal. Chem. 
■1906, 44, 166); North and Blakey (J. Soc. 

V Chem. Ind. 1905, 24, 396); Sebelin (Chem. 
Zeit. 1906, 29, 638); but cf. Seyda (Chem. 
Zentr. 1899, (i.) 1164); Lunge' (Zeitsoh. anal 
Chem. im, 17, 231 ; H05, 18, 1620). 

A satisfactory method bf checking the values 
obtained by the carbonate method depends on 
the fact that sodium oxalate, when heated, is 
converted into sodium carbonate. As this 
oxalate can be prepared in a high degree of 
purity, the residue of , Carbonate theoretically 
obtainable from a knosvn weight of oxalate can 
be calculated, and' the presence of sany sodium 
oxide is immaterial providing that all calcula- 
tions are based on the original weight of sodium 
oxalate. « 

The weight oxalate is carefully heated in 
a platinum crucible until all the separated carbon 
has been burnt off and*the residual carbonate 
begins to fuse ; the cooled residue is dissolved 
in water and titrated as already described ; r. 
Sorensen (Zeitsch. anal. Chem. 1897, 36, 639; , 
1903, 42, 333, 612 ; 1906, 44, 156), Lunge 
{Zeitsch. angew. Chem. 1905, 18, 1520); and 
Analysis, (Volumetric section, standardisation 
of permanganate). 

* f^ora time to time many other standards 
have been proposed, and among others the 
following 

Potassium tetroxalate ; succinic acid (Phelps 
and Hubbard, Zeitsoh. anorg. Chem. 1907, 63, 
361; Phelps and Weed, ibid. 1908, 69, 114, 
120); borax (Rimbach, Ber. 1893, 26, 171); 
potassium hydrogen tartrate (Borntrager, Zeitsch. 
anal. Chem. 1892, 31, 43) ; potassium dichromate 
fRiohtw, Zeitsch. anal. (Jhem. 1882, 21, 206); 
potassium iodate (Fessel, Zbitsch. anal. Chem. 
1899, 38, 449); potassium biiodate (Meineke, 
Chem. Zeit. 1896, 19, 2) ; sodium (Hartley, 
Chem. Soc. Trans. 1873, 26, 123; Neitzel, 
Zeitsoh. anal. Chem. 1893, 32, 422 ; cf. Hopkins, 
J. Amer. (^em. Soc. 1901, 23, 727); and 
sulphuric acid, prepared by electrolysing copper 
sulphate solution (Hart and Croasdale, Chem. 
News, 1891, 63, 93; Kohn, J. Soc. Chem. Ind. 
1900, 19, 962), 

Hydrochloric acid. In preparing a normal 
solution advantage may be taken of the fact 
4ihat an aqueous solution of hydrogen chloride 
which boils at a constant temperature has a 
practically constant composition. A quantity 
of ordinary concentrated acid is distilled from a 
capaoiOhiMAieort until one-third has passed over. 
The residual liquid will contain 20*2 p.c. of 
hydrogen chloride, and 166 c.c. when diluted 
to 1 litre will form an almost exactly normal 
solution; it should be standardised by on^of 
the following processes. 

The strong acid is diluted until its specific 
^ gravity is approximately M, and distilled ; after 
wee-fourths of liquid have passed over, the 
remaining distillate is collected apart, and the 
harOmetno height observed. The final quarter 
df tto distillate is of perfectly definite com- 
positmn, and the following table gives the actual 
content of hydrogen ohlorideMfor a definite baro- 
metrio hei^t,^, together with the weight of 
distillate whudt oontains one gram-eqnivuent of 
hydj^en chloride, t*.e. which yields formal 
solniion whea diluted to 1 litre 


Barometer 


Qtms of mtxten eon- 
taiafag 1 mol. HO) 

770 

20-218 

180*390 

760 

20*242 

• 180*170 

760 

20*266 

179*960 

740 

20*290 

179-746 

730 

20*314 

179-630 


^hese results were calculated from th< 
observed weights of liquid, without reductior 
to vacuum standard ; the compositions wen 
determined gravimetrically by precipitation af 
silver chloride (Hulett and Bonner, J. Amer, 
Chem. Soc. 1909, 31, 390). 

The simplest method of pi’eparing a larg< 
quantity of nearly normal hydrochlono acid ii 
to find the approximate composition of th« 
ordinary concentrated acid by taking its specific 
gravity with a hydrometer and referring to a 
suitable table ; the requisite quantity of the 
acid is then measured out and appropriately 
diluted with distilled water. 

To standardise the solution, it is titrated 
against successive weighed quantities of pure 
sodium carbonate (or sodium oxalate), as de- 
scribed above. Each separate amount of car- 
bonate should weigh from 2*0 to 2-6 grams, in 
order to ensure a burette reas’-ing of 40 to 
60 c.c. It is best to use methyl orange (of 
indicator, since the titrations can be rapidly 
and accurately ^rriod ou4'in the cold ; if litmus 
is used, the titration must be made in boiling 
solution. In the latter case, it is quicker to add 
a measured excess of acid to the carbonate, 
and titrate back with sodium hydroxid® the 
value of which is known in terms of the acid ; 
but the titration must nevertheless be done in 
boiling solution. The calculation is very simple ; 
if X grams of sodium carbonate require y c.c. of 
hydrochloric acid, then 1 c.c. acid ^x/y grams 
of sodium carbonate. Now, 1 c.c. N-acid 
=0’06300 grams sodium carbonate, and hence 

concentration of acid == ^ awo - times norma) 
0*063t/ 

=2 times normal, say. As a rule, this is a very 
convenient method of expressing the result ; 
e.g. if the acid is used to estimate an alkali of 

equivalent e, then 1 c.o. 8l6id =* X r grams 

of alkali. If necessary, the acid solution may 
be diluted with distilled water so that the ratio 
final volume -f- initial volume = 2 ; it will then 
be exactly normal. A simple arithmetical calcu- 
lation is required, and if this process is con- 
templated, care should be taken initially to en- 
sure that z shall be slightly greater than unity. 

Hydrochloric acid u most aoourately stand- 
ardised gravimetrically by precipitating chlorine 
with excess of silver nitrite and weiglui^ the 
silver chloride in a Gooch crucible. Tm somtion 
may be titrated against p\^e silver according to 
the Mint plbcess for assa^ng this metal The 
method may be modified by adding the silver 
solution in very slight excess, this excess being 
determined in the ffltrate with N/lO-thiocyanate 
(Thorpe's Quantitative Analysis ; Pittmai's 
Quantitative Analysis ; B^oir, J. Amen Ohem. 
Boo. 1897, 19, 814; Hopkins, ibid. 1001, 23« 
727). These methods are trustworthy only 
when the hydrochloric acid is free from ohloridei. 

The ioUowiiig method depending mi the 
loss of weight on oonveiiinff sliver nitrate in(bo 
Woii(|s is due to Andrews ( J. Amer. Chem. Boo. 
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1914. H i069). Two sinulwr ailifw dishes are 
provided iwrith witoh-glaia eovers, and erne of 
them with a sti]|ing>rod, short enough to lie 
under the cover. Into this dish about 2 grams 
silver nitrate are put, and both dishes are placed 
in an oven at 160®, the temperature being 
subsequently raised to 244®. After coolly in 
a desiccator, both dishes are weighed, ^fty 

C.C. of 5 hydroohlorio acid to be standardised 

are mn into each dish, the contents of which 
are then evaporated on the water-bath, and 
finally dried at 240®. The normality of the 
solution is given by the expression : 

0-02655V 

in which V= volume of acid delivered by the 
60 C.O. pipette ; W= weight in air of silver 
nitrate and dish, Wi= weight of dish with 
mixed chloride and nitrate, «;=weight of 
control-dish before, and its weight after 
experiment (Analyst, 1816, 24). 

A simplo and accurate process of standardisa- 
tion consists in immersing weighed pieces of Ice- 
land spar in a measured volume of the acid, and 
noting the Iom in weight of the spar after the 
acid IB neutralised (Masson, Chem. News, 1900, 
81, 73 ; Green, ibid. 1903, 87, 6 ; cf. Thiele and 
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4). Th#t»bIeaivttiMJ.Soo. caiem.Ind. 1902, 

-1, 1511, may lie employed whefl the spedfio 
gravity (16®/15*) has calculated without 
introducing anj vacuum corrections, which ^ 
must be allowed for if* the other tables are 
employed. Between tlft limits of 66 p.o. and 
81 p.o. the following formulae reproduce the 
values in the tables with an error not exoeedinff 
0*04 p.o. * 

P = 86 8^5-69-00 
P = 86 Sp, - 68-82 

where P = percentage ol sulphuric acid, and 
Si, and Si|*= the specific Cavities referred to 
water at 15* and 18® respectively, calculated 
without allowing for ‘ air displaced * (Marshall, 
J. Soc. Chein.»Ind. 1899, 18, 4). The diluted 
acid may be kept in a stoppered daottle without 
change, and by weighing out the appropriate 
amount and diluting to% litre, a normal solution 
of snlphiiric acid can be rapidly prepared. 

Oxalic acid. A normal solution is prepared 
by dissolving 63-02 grams of the recrystaUissd 
hydrated acid HjCgO, + 2HjjO in water and 
diluting to 1000 c.c. As the crystallised acid 
is somewhat effloresent, especially on slightly 
warming, it may contain less than two molecular 
proportions of water. The solution may be ^ 


Richter Zoitsch ang^ *?’ i against a aianda^i al^: ™tag pM 

Small quantities of standAd hydrochloric phthaleih as indicator, or against an aihSratdy 
acid may be prepared by absorbing dry hydrogen standardised permanganatewlntion (c/. Ttetl- 
chloride in a weighed quantity of water and u-n a.. 5 •• 
ascertaining the increase in weight (Moody, ' 


chloride in a weighed quantity of water ^nd | 

aacertaimnn the increase m we.eht rMondr. Oialie acid solutions do not keep vary wdl. 

A small quantity of metallic mercury added to 
the solution tends to stabilise it. 


Chem. Soc. Trans. 1898, 73, 668 f Higgins, 5. 
Soo. Chem. Ind. 1900, 19, 958; Acree and 
Brunei, Amer. Chem. J. 1906. 36, 117). 

Sulphuric acid. An ap^oximatoly normal 
solution is obtained by diluting to 1 litre 28 c.c. 
of pure oon(.entratod sulphuric acid (sp.gr. 1-84). 

The solution may be standardised with pure 
sodium carbonate or oxalate (v. Hydrochloric 
acid), or a measured quantity treated with a 
slight excess of ammonia, evaporated to dryness, 
and the residual ammonium sulphate heated at 
120* and weighed. This method gives trust- 
worthy results only when pure redistilled acid 
is employed in preparing the solution (Weinig, 
Zeitsoh. angew. Chem. 1892, 6, 204 ; Shiver, 
J. Amer. Chem. Soo. 1895, 17, 361 ; Hopkins, 
ibid. 1901, 23, 727 ; Marboutin and P6coul, 
Bull. Soc. chim. 1897, 17, 880). 

A measured volume of the acid is added to a 
weighed excess of sodium carbonate in a platinum 
dish, the solution evaporated, the reside dried 
at 300* and weighed. The change in weight due 
to the transformation of sodium carbonate into 
sulphkte indicates the amount of acid present in 
the solution. This method is much preferable 
to precipitating and weighing the acid as barium 
sulphate (Thorpe, Quantitative Analysis, 1873. 
(Of. Richardson^ J. Soc. Chom. Ind. r907, 26, 78.) 

Sulphuric acid solutions of definite concentra- 
tion may be prepared by specific gravity measure- 
ments (Pickering, Chem. Soc. Trans. 1890, 67, 
64). A quantity jf the purest acid is diluted with 
half its volume of water, and the specific gravity 
of the mixture accurately determined at 16® or 
18® in a Sprengol pyknometer. The percentage 
of sulphuric acid in the solution is then obtained 
^ giving the values for 

i5*/l6 or 18*/18® (t>. Sutton’s Volumetrqj 


Sodium hydroxide. To prepare a x^ormid 
solution, clear tragspareut lumps of the ben 
white commercial caustic soda are selected, any 
opaque portions of their surface scraped off, and 
60 grams of the substance weighed out for each 
litre of solution. The cooled solution is stand- 
ardised against the standard hydroohlorio add, 
using methyl orange as indicator, and taking 
60 c.c. for each titratiem.# 

For the preparation of sodium hydroxide 
solutions free from carbonate, v. Kfister (Zeitsch. 
anorg. Chem. 1897, 13, 134 ; 1904, 41, 472, and 
Bousfield and Lowry, Phil. Trans. 1905, 204, 253). 

Potassium hydroxide cf. Sodium hydroxid*. 

Barium hydroxide* An approximately N/10- 
solution is best prepared from the orystidline 
hydroxide Ba(OH)j, 6H-0. The powdered sub- 
stance is shaken with distilled watfij^jhi^lu- 
tion allowed to settle, the clear li^uia siphoned 
of! and diluted with an equal volume of recently 
boiled-out water. The solution must be kept 
permanently in contact with that portion already 
inVthe burette, and guard tubes are required 
to prevent access Df carbon dioxide. The 
solution is standardised against succinic acid, 
phenolphthaleln being used as indicator ; or a > 
measured volume may be evaporated to d^ess 
with a slight excess of pure sulphuric aoia, the 
residual barium sulphate being gently heated 
and weighed. 

The chief use^ this solution is in titrating 
organic acids, using phenolphthalein as indicator. 
For Hiis purpose tsarbon dioxide must be ex- 
cluded, and barium hydroxide is consequently 
the most convenient alkali to employ. 
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Ammonia. This solution is not often em- 
loyed j an approximately semi-normal solution, 
sadilv obtain«<d by diluting 28 c.c. of concen- 
’ated ammonia solution to 1 litre, is titrated 
gainst hydrochloric acid in the cold, using 
lethyl orange as indicator ; phenolphthalcin 
annot be employed. ^ 

Schultze has determinecftho rates of expan- 
ion of normal solutions •of acids and alkalis 
nd other solutions employed in volumetric 
nalysis (Zeitsch. anal. Chem. 1882, 21, 170). 
’he following are the results for average 
emperatures : — , 


- 

Oxalic acid 

Hydro- 
chloric acid 

• 

Nitric acid 

0® 

10000 

10000 

10000 

10® 

10010 

lOplO 1 

10018 

16® 1 

10019 

1W19 

10031 

20® 1 

10031 

100.30 

10046 

26® 1 

10046 

10043 

10061 


- 

Sulphuric 

acid 

Potassium 

hydroxide 

Sodium 

hydroxide 

0* 

10000 

10000 

10000 

10® 

10017 

10019 

10021 

16® ! 

10020 

10031 

10034 

20® 

10044 

10046 

10048 

26® 

10060 

10062 

10066 


Typical Aoidtmetrtc and Alkalimetrio i 
Estimations. 

* Deteftninatlon of total aycall. A weighed 
[uantity of the sijbsiance (10 grams) is dissolved 
1 water, filtered if necessary, and diluted to 
lOO c.c. ; 60 c.c. are withdrawn, mixed with a 
neasured excess (26 c.c.) of normal acid, boiled 
;ently for ten minutes to expe] carbon dioxide, 
.nd the excess of acid determined with standard^ 
.Ikali. The volume of standard acid minus the 
ixcess of acid gives the volume of acid required 

0 neutralise the total alkali, i.e.. the alkali 
)resent as hydroxide, carbonate, sulphide, 
ulphite, thiosulphate, aluminate, and silicate. 

1 methyl orange is used as indicator, boiling is 
inneoessary, and the alkaline solution is titrated 
lireotly with standard acid. If direct titration 
vith litmus as indicator is preferred, the solution 
nu8t,be Qpntinuously boiled during the titration. 

Alkafllni^droxide in presence of carbonate. 
100 c.c. of the above solution are heated, mixed 
Hth excess of barium chloride, allowed to cool, ' 
iUutod to 260 c.c. and well shaken. When the 
precipitate has settled, 60 c.c. of the clear liquii 
ire withdrawn and titrated with standard acid. 
The quantity of acid used x 26 gives the volume 
squivalent to the hydroxide in the weight of 
lubstanoe originally taken. The reaction which 
;akes place is expressed by the equation 

tM,0O, + yMOH + (* + |)BaCl, 

- *BaCO,+ |BaH,Oy + ( 2 *+ y )Ma 

rhe barium oasbonate is precipitated and a 
^uantitf of barium hydroxide equivalent lo the 
hjdro|ude remains in solution.* The 


solution cannot be filtered, since the barium 
hydroxide would absorb carbon dioxide from the 
air with formation of the insoluble carbonate. 

In order to avoid error due to the presence of 
the precipitate, and to economise time, Watson 
Smith (J. Soc. (llhem. Ind. 1882, 1, 86) prefers to 
add just sufficient barium chloride to precipitate 
the carbonate without affecting the hydroxide. 
No barium remains in solution, and even if car- 
bon dioxide is absorbed the alkaline carbonate 
formed remains in solution. The barium 
chloride is added graduaUy to the hot solution 
until precipitation is just complete, and the 
liquid is filtered into a 260 c.c. flask and an 
aliquot portion titrated. It is preferaMb for the 
liquid containing the precipitate to be diluted to 
250 c.c., the precipitate allowed to settle, and 
60 c.c. of the supernatant liquid withdrawn. 
(For various details and precautions, v. Sorensen 
and Andersen, Zcitsch. anal. Chem. 1908, 47, 279.) 

Carbonate in presence of hydroxide. The 
solution '"i.s coloured a very faint yellow with 
phenacetolin, and standard acid is added until 
the yellow colour changes to a rose tint. The 
volume of acid required gives the amount of 
hydroxide present. A further quantity of acid 
is now added, and the red colon# increases in 
intensity, but eventually changes to yellowish- 
red, and finally to golden-yellow. At this point 
a second readings is takeil^ and the difference 
between this and the first reading gives the 
volume of acid corresponding with the carbonate 
present (Lungo, J. Soc. Chem. Ind. 1882, 1, 66). 
'I’his method is not available for the estimation 
of small quantities of hydroxide in presence of 
large quantities of carbonate (Thomson). 

The following method, duo to Warder, gives 
fairly satisfactory results : To the cold dilute 
solution phenolphthalein is added and standard 
hydroclilorjc acid run in slowly, the burette tip 
being immersed in the liquid, till decolourisation 
takes place. ThivS occurs when all the hydroxide 
and halj the carbonate have been neutralised. 
Methyl orange is then added and the solution 
titrated again till an acid reaction is indicated. 
If this second titration requires y c.c. and the 
first one x c.c. , then the carbon^ is equivalent 
to 2y c.c. and the hydroxide to a;— y c.c. (Kuster, 
Zeitsch. anorg. Chem. 1896, 13, 127 ; Lunge, 
Zeitsch. angew. Chem. 1897, 10, 41 ; North and 
Lee, J. Soc. Chem. Ind. 1902, 21, 322; c/. 
Cameron, Amer. CHiem. J. 1900, 23, 471). 

In order to estimate the proportion of car- 
bonate in quick-lime or slaked lime, the purpose 
for whiqh phenacetolin was originally recom- 
mended by Degener, 100-160 grams of the lime 
are made into a cream with water and diluted 
to 600 c.c. After vigorous ^tation 100 c.c. are 
withdrawn and diluted to 1000 c.c., and 26 c.c. 
of this liquid are taken, mixed with phenacetolin, 
and standardiaoid added until a pale-rose tint is 
obtaintxl. In order to estimate both hydroxide 
gnd carbonate, the substance is dissolved in 
standard acid and the excess of acid deter- 
mined by reverse titration in the usual way 
(Lunge, I.C.). . " 

Acid carbonate in presence of normal car- 
bonate, The cold and diluie solution of normal 
carbonate and acid carbonate is mixed with 
phenolphthalein, %nd standard acid added, the 
burette tip dipping into the liquid to prevent 
j eseape of carbon dioxide, until the liquid be- 
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comes colourless. At this point, which corre- 
Bponds with the complete conversion of the 
normal carbonate Iftto acid carbonate, the volume 
of acid added is read off. The liquid is then 
boiled and acid is added gradually until the 
solution remains colourless even after long 
boiling, and the volume of acid is again read 
off. If X represents the first reading, and y the 
second reading, then 2x = the normal carbonate, 
and y—2x = the acid carbonate (Warder, Chem. 
News, 1881, 43, 228). ' 

Lunge (J. Soc. Chem. Ind. 1882, 1, 67) 
proposes a different method based on the 
reaction: ^ 

(cMoCOa +yMHOOn + «NH3 + (a: + y)BaCl2 
=( 2 » + y)MCl + J/NH4CI + (a: + 2/)BaCOs + (« - y)T^H3. 
The solution to be tested is mixed with a mea- 
sured excess of standard (half-normal) ammonia, 
excess of barium chloride added, and the liquid 
diluted with recently boiled water to a definite 
volume. When the precipitate has settled, an 
aliquot portion of the clear liquid is wthdrawn 
and titrated with standard acid in order to as- 
certain the excess of ammonia. The difference 
between the volume of ammonia added and that 
remaining after precipitation gives the volume 
corresponding with the quantity of acid carbonate 
in the liquid analysed. 

By adding a definite excess of pure sodium 
hydroxide free from carbon dic9tide, a mixture 
of normal carbonate and hydroxide is obtained 
which may be analysed as described above. 

Ammonia. In order to determine the quan- 
tity of free ammonia in a solution of the gas, an 
accurately measured quantity (10 c.c.) of the 
liquid is transferred to a light tared flask, and 
weighed. This gives at once* the weight taken 
for analysis and the sp.gr. The liquid is then 
titrated with r.tandard acid in the usual way, 
using litmus, laemoid, or methyl orange as 
indicator. 

Ammonia in combination is determined by 
boiling the sub.slance with sodium hydroxide, 
leading the ammonia into a measured excess of 
standard acid, and determining the residual acid 
with standard alkali. The substance is weighed 
into a flask fitted with a cork, through one hole 
in which passes a pipette containing a strong 
Bolulion 6f sodium hydroxide, whilst through 
another passes a tube leading to a fla,sk or bulb 
U'tube containing a known volume of standard 
acid. The flask or U-tube is fitted with a cork 
which carries a calcium chloride tube containing 
beads moistened with some of the acid in order 
to ensure complete absorption of the ammonia. 
After addition of the sodium hydroxide solution 
the liquid is gently boiled for half an hour, and 
the residual acid dcteifnined. From the volume 
of acid which has combined with the ammoni^ 
the quantity of the latter is readily calculated. 
The sodium hydroxide may be ropla^d by milk 
of lime, and the most effectual method of 
removing the ammonia is to distil the mixture 
in steam. The use of magnesia in place of 
sodium hydroxide zj not advantageous (Kober, 
J. Amer. Chem. Soo. 1908, 30, 1279). (For a 
different method of distilling off the ammonia, 
V. Kober (J. Amer. Chem. Soc. 1908, 30, 1131). 
See also RonohSse (J. Pharm, Chim. 1907, 25, 
611) and Wilkie (J. Soc. Chem. fcid. 1910, 29, 6) 
for a method of estimation entirely different in 
principle from the foregoing.) • 


Hydr^ohloric, Hydrobromic, Hydriodie, Sol- 

phurlc, and Nitric acids are readily ^estimated by 
direct titration with standard alkali* using methyl 
orange as indicator. 

Oxalic, Tartaric, Citric, Acetic, and Lactic 
acids can likewise be titVated accurately with 
standard alkali if phe^JJihthalein is used as the 
indicator (Thomson, l.c.). Oxalic acid may llso 
be titrated using litmufi as indicator. 

Boric acid gives no very definite reaction 
with the majority of indicators, but it is quite 
neutral to methyl orange and hence the quantity 
of alkali in akaline borates can be accurately 
estimated b^ direct titratfon^th standard acid 
if methyl orange is used as indicator (Thomson). 

The titration of boric acid itself becomes 
possible if the solution contains at least 30 p.o. 
of its volume of glycerol. The boric acid then 
behaves towards phenolphthalein as a monobasic 
and (Thomson, J. Soc. C^hera. Ind. 1893, 12, 432; 
Jorgensen, Zeitsch. angew. Chem. 1897, 10, 6; 
Honig and Spitz, tbid. 1896, 649 ; Copaux, 

Compt. rend. 1898, 127, 766). A similar result 
is effected by saturating the solution with 
mannitol. Since phenolphthalein is employed, 
carbon dioxide jnust not be present in the 
solutions to be titrated (Jones, Amer. J. Sci. 
1898, 7, 147; Stock, Compt. rend. 1900, 130, 
.510). 

Sulphurous acid can be titrated directly if 
methyl orange, phenolphthalein, or aurin is used 
as indicator (Lunge, Ling], poly. J. 260, 630). 
With methyl orange the hydrogen sulphite 
MHSO3 is the neutral salt, whilst with the other 
two' indicators the normal salt is neutral. This 
difference can be utilised for the determination 
of the relative proportions of normal ai^aoici 
sulphite in the sanjp solution (Blarcz, uompt/ 
ren<l. 1886, 103, 69 ; Chem* Soo. Abst. 
1886, 60, 918). Caustic soda, or potjgsh must 
be used, since ammonia gives inaccurate results. 

Phosphoric and Arsenic acids are monobasic 
with methyl orange, and dibasic with phenol- 
phthalein (Joly, Compt. rend. 1882, 94, 629; 
(Jiem. Soc. Abst. 1882, 4^692). These acids 
can be most accurately titrated with barium 
hydroxide, using phenolphthalein as indicator. 
Towards the close of the reaction, time must 
he allowed for the gelatinous tribarium phosphate 
to change into tho crystalline dibarium salt 
(Joly, Compt. rend. 1886, 102, 316; Chem. Soo. 
Abst. 1886, 60, 418). Advantage can be taken 
of tho different basicity with methyl orange 
and phenolphthalein to estimate phosnhQii|y|pid 
in presence of monobasic acids sudfflB^yaro- 
chloric acid (Joly, Compt. rend. 1886, 100, 66 ; 
Chem, Soc. Abst. 1885, 48, 348). 

(For another simple and accurate method, v. 
Senile, Zeitsch. anal. Chem. 1896, 34, 33.) 

Carbonic acid in solution is estimated by 
adding excess of ammonia and calcium chloride. 
Tho liquid is then boiled, and the precipitated 
calcium carbonate collected, well washed, and 
dissolved in a measured excess of standard hydro- 
chloric acid, the excess of acid being determined 
by means of standard alkali. The volume of 
normal acid actually used multirfied by 0*022 
^ives tlio quantity m carbon dioxide. 

Insoluble carbonates are weighed into a flask 
fitted idtb a cork which carnes a bul]^ and 
delivery •tube. The bulb contains moderately, 
strong hydrochloric acid, which if allowed to 
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diop slowly on the carbonate, and the evolved 
gas is led into a flask containing strong afnmonia 
solution. This flask is olos^ with a cork, 
through which passes the delivery tube, which 
^nds just above the surface of the liquid. Ihe 
cork also carries an exit tube filled with glass 
beads moistened with ammonia to arrest the 
last traces of carbon dioxi(»}. When all the gas 
has been expelled from the carbonate the am- 
monia is mixed with calcium chloride, boiled, 
and the precipitate treated as above ; cf. Gooch 
and Phelps (Amer. J. Sci. 1896, 60. 101). With 
slight modification this ^f^rooess cah be adapted 
to the estimation of carbon dioxide in aerated 
waters. , • v 

For the direct titration of carbon dioxide in 
solution, V. Seyler (Analyst, 1897, 22, 312) ; 
Ellms and Beneker (J. Amer. Chem. Soo. 1901, 
23, 406) ; and Forbes and Pratt ( J. Amer. Chem. 
Soo. 1903, 26, 742). 

Hydrofluoric acid may be accurately titrated 
with sodium hydroxide free from carbonate, 
using phenolphtlfhlein as indicator (Winkler, 
Zeitsch. angew. Chem. 1902, 15, 33 ; cf. Haga 
and Osaka, Chem. Soc. Trans. 1896, 67, 261 ; 
and J. Amer. Chem. Soc. 1896, 18, 416; 
Monatsh. 1897, 18, 749). 

Hydrofluosiliclo acid may be titrated with 
•sodium or barium hydroxide in the presence of 
alcohol (an equal volume is added) using phenol- 
phthalein or lacmoid as indicator ; the alcohol 
renders the salt produced insoluble in the solu- 
tion; V. Sahlbora and Hiiirichsen (Ber. 1906, 
39, 2609); cf. Sohucht and Holier (Ber. 1906, 
39, 3693) ; and Honig and Szabadka (Chem. 
Zeit. 1907, 31, 1207). 

Combined acids in salts may be estimated 
with approximate accuracy by adding to a solu- 
tion of the salt a measured* excess of sodium 
hydroxide or cRrbonate. The liquid is boiled, 
allowed to cool, and diluted to a definite volume. 
When the precipitate has settled, an aliquot 
portion of the clear liquid is withdrawn, and the 
excess of alkali determined by titration. From 
the volume of alkali used the proportion of acid 
in the salt is calculated. In order to avoid the 
error due to the presence of the precipitate, the 
liquid may be filtered before diluting to a definite 
volume, but methyl orange or cochineal must be 
used as indicator in order to avoid any error 
frogi carbon dioxide absorbed from the atmo- 
sphere. Salts of copper, silver, mercury, cobalt, 
nickel, iron, and chromium are precipitated with 
sodium hydroxide ; salts of calcium, barium, 
strofeidiljw^agnesium, aluminium, zinc, bismuth, 
and manganese, wth sodium carbonate. 

Kisfler’s method is useful for coloured solu- 
tions, or in presence of normal salts with acid 
reactions (Annalen, 1856, 93, 386). Sixty grams 
of crystallised cupric sulphate are dissolved in 
water, mixed with ammonia until the precipitate 
is.* almost but not quite dissolved, diluted to 
about 900 C.C., the solution left for some time, 
and the clear liquid siphoned off, or filtered 
through glass-wool, and diluted to 1000 c.c. 
If ally further precipitate forms, it must be 
siphWod off or collected. If the solution of 
ouprammonium sulphate thutw^btained is added 
to an acid liquid, so long as the acid is in excess 
an ammonium salt and cupric sulphate are 
forme<j^ but as soen as the free acid is neutsaliaed, 
tbe ammonia«in a fresh quantity of ^upram- 


monium Bubhate reacts on the cupric sulphate 
aheady in the liquid and produces a precipitate 
of a basic salt, the formation which indicates 
the point of saturation. The precipitate is most 
readily seen against a black background. In 
order to standardise the liquid, 10 o.c. of normal 
sulphuric acid are placed in a flask or beaker 
Kjeffer’s solution added until a permanent 
precipitate is produced, and from the volume 
of solution required, its strength in terms of 
normal acid is readily calculated. The strength 
of the solution gradually diminishes, and it must 
be titrated from time to time. In making an 
actual determination, the Kieffer’s solution is 
added to the liquid to be tested uafcil a per- 
manent precipitate is formed. The method is 
not very accurate, owing mainly to the fact that 
the precipitate is not quite insoluble in solutions 
of ammonium salts, and therefore the end re- 
action does not take place until the liquid is 
saturated with the basic salt. The magnitude 
of the error depends on the concentration 
of the solution. When the liquids ^to be ti- 
trated contain barium, strontium, Ac., the 
Kieffer’s solution must be prepared with cupric 
nitrate. 

(For other methods, v. Sims 4^em. News, 
1907, 95, 253) and Ahlum (Chem. Soo. Proo. 
1906, 22, 63).) 

BefcZiogrrajDrty^Mohr’s tCIhemisch-Analjd/ische 
Titrirmethode, 6th ed. 1886; Sutton’s Volu- 
metric Analysis, 9th ed. 1904 ; IVesenius’ 
Quantitative Chemische Analyse, v. 2, 6th ed . ; 
Treadwell- Hall, Analytical Chiemistry, v. 2, 2nd 
ed. 1910 ; Lunge’s Technical Chemist’s Hand- 
book ; Cohn’s Indicators and Test Papers, 2nd 
ed. 1902 ; Glaser’s Indikatoren der Acidimetrie 
und Alkalimetrie. 1901. G. T. M. * 

ACID ALIZARIN, -BLACK, -BROWNS, 
•PONCEAU, -YELLOWS Azo- oolotjbinq 

MATTERS. 

ACID MAGENTA, ACID VIOLET v. Tri- 

PHENYLMr.THANE COLOURINC MATTERS. 

ACIDINE BRILLIANT RED i;. Azo- colour- 
ing MATTERS. 

ACIDOL. Trade name for betaine hydro- 
chloride, 

ACIERAL. An alloy, saiA’ to be made by 
first melting together A1 76, Ni 10. Ag 16, 
Co 2-6, Cu 3-6, W 0'6, Cd 1*0, Sn 1*6, m an 
electric furnace and stirring the fused mass 
into nine times its weight of aluminium, heated 
in a plumbago crucible lined with magnesia in 
an ordinary furnace (Fr. Pat. 473412, 1914). 
The alloy is silver- white, of sp.gr. 2*82, and 
m.p. 7S0*. Its tensile strength in castings is 
stated to bo 30,000, in rods and sheets as 28,000- 
64,000, and heat-treated as^0,000 lbs. per square 
bch. It may be cast, forged, drawn, rolled, 
tempered, electroplated, and soldered. It is 
reported to jjave been used by the French Gbvem- 
ment for the manufacture of helmets (Eng. a nd 
Min. J. 1917, 103, 736). 

ACITRIN. Trade name for the ethyl ester 
of 2-phenyl-quinoline 4-carboxylic acid. Used 
on account of its analgesic action in the ta^feat- 
ment of sciatica and gout, and as uric 
eliminants. 

» ACMEYELLOWr.Azo- COLOUErNG MADtiStB. 

ACOOAHmi^ 80HIHPERI. The amw- 

poisons of East Africa are prepared from the 
wood of the genus AmarUkern, which cpntiUits a 



AOONTTINB^ AND TM jACONITB ^LKALOIDa 


orptaUiQO gluoodde, aeocantherinin O^oH^.Oig, 
HtO (Amaud), CMH(aOi, (Faust). Oryst^uliau 
from prater and alcohol ; insol. in ether or chloro- 
form ; sol. neutral and bitter. Strong sulphuric 
anid giveis a red colour eventually becoming 

g reen. On boiling with dilute mineral acids is 
ydrolysed with formation of rhamnose. Is 
optically inactive, softens at 130'’ and decom- 
poses at 220°. The pharmacological action of 
the gluooside resembles that of members of the 
digitalin group (Fraser and Tillie, Proc. Roy. 
Soo. 68, 70 ; Faust, Ohem. Zentr. 1902, 2, 
[191 1217 ; Cj. STROPUANTHirs). 

ACOINE. Trade name for di-p-anisylmono- 
phenetylguanidine hydrochloride. Used as a 
local anaesthetic. 

ACONITINE AND THE ACONITE ALKA- 
LOIDS. The alkaloids of the various species of 
Aconitum which have been examined chemically, 
fall into sharply di/Ierentiatcd groups. Th(‘ 
first, of which aconitine itself is the typo, includes 
a number of highly toxic alkaloids {ihe aconi- 
tines), wh^ch are diacyl esters of a scries of 
polyhydroxy bases containing four mcthoxyl 
groups {the aconines). The following ‘ aconi- 
tines ’ are known : — 

Aconitine f^m Aconitum Napellus (Linn.), 
/liMaconitine from Aconitum spiccitum 
(Stapf.), 

/ndaconitino from^ Aconitum chaamanthum 
(Stapf.), • 

Japaconitine from Japanese aconite roots, 
Paeud&conitine from Aconitum deinorrhizum. '| 
The alkaloids of A. Vulparia {~A. Lycocto- 
num) and A, sepienirionale constitute a second 
group of toxic alkaloids derived from aconites, 
while there is a third group which contains 
'non-toxic alkaloids typified by atisine and 
comprises the following : — 

Atisine from Aconitum heierophylhm (Wall.), 
Pttfwatisine from Aconitum palmatum 
- (D. Don.). 

Aconitine is the principal alkaloid of Aconitum 
Napellus (Linn.), the common monkshood or 
wolfsbane {CoquelucJion, Fr. ; Eis'^nhut, Sturm- 
hut, Ger.), in which it occurs along with its 
dMomposition products, benzaconine and aco- 
nine. Aconiti radix, B.P., is the full-grown 
daughter root only. Aconitum, U.S.P., is the 
root containing at least 0^6 p.c. of aconitine. 
Aconiiina, B.P., U.S.P., is the alkaloid. Aconi- 
tine was isolated by Geiger and Hesse (Annalen, 
1$33, 7, 276), but first obtained in a crystalline 
state by Groves (Pharm. J. 1860, [ii.J 8, 121). 
Wright and Luff assigned to it the formula 
CaaHiiOtaN (Chem. Soc. Trans. 1877, 31, • 143 ; 
^878, 33, 161, 3 IS), and later Dunstan and his 
coUaWrators {ibid. 1891, 69, 271 ; 1892, 61, 
886) adopted for it flie formula C^aH^OuN. 
a rikht modification of that used by Wright 
and Luff (/.c.). Until now almost aU the work 
on oiystallised aconitine had been done on 
alkaloid prepared from the roots of Aconitum 
Napdhu grown in Finland. In 1894 analyses 
of tba crystallised aconitine of commerce, 
probably from rootn of Aconitum Napellus grown 
m G©rnir.tny, were made by Freund and Bock, 
who assigned to the alkaloid the formula 


’^^ere confirmed by Sohiilze (Arch. 
Wwrm. 1906, 244, 167), who* preferred the 
,lonnuIa-C, 4 H 440 uN. This latter fonnula has 
' ’ ‘ litaL. L— T. 
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been accepted by Dunstan arid Henry (Trans. 
Chem. SSo. 1906, 67, 1660) aa repreaentteg the 
composition of the present day *aoonitine o! 
commerce. The eai^r formulai with l^ss 
carbon are either due to botanical differences 
(the English root is now difficult to obtain) ot 
to the escape of methana in the combustions. 

Preparation. The ^finely-powdered root is 
exhausted with amyl alcohol mixed with ttoe 
times its volume of wood spirit. From this 
extract the wood spirit is distilled under reduced 
pressure, leaving the whole of the alkaloids 
di8.solvcd in the residue* of amyl alcohol from 
which they are removed by agitation with 
dilute (1 p.c#) sulpliuric acid. *Thi8 acid aqueous 
liquid is shaken with ether to remove ether- 
soluble, non-basic substances, then made alka- 
line with dilute aftimonia and the liberal^ 
alkaloid.^ extracted with ether. The aconine 
remains dissolved in the water, the aconitine 
with some benzaconine passing into the ether. 
The ethereal solution is washed with a small 
quantity of water and evaporalfed. The residue 
is converted into hydrobromide by dissolving 
it in dilute hydrobromic acid, care being taken 
to avoid excess of acid. The exactly neutral 
liquid is evaporated to a small volume and 
allowed to crystallise. The aconitine hydro- 
bromide is recrystallised until of constant 
melting-point, and then is converted into the 
alkaloid by the addition of a slight excess of 
ammonia to its aqueous solution, the alkaloid 
being extracted by ether in the usual way. The 
washed ethereal solution is dried by agitation 
with fused calcium chloride and evaporated. 
The small crystals, which are deposited as the 
ether evaporates, may be recrystallised from 
dry alcohol by the addition of ether. ^ • 

Properties. Coloifrless, anhydrous hox^onal 
prisms, belonging to the rhombic system (<5iem, 
Soc. Trans. 1891, 69, 288 ; Ber. 1894, 27, 722; 
Arch. Pharm. 1906, 244, 169). Easily soluble 
in chloroform or benzene, less readily in absolute 
alcohol or ether, very slightly soluble in water, 
almost insoluble in light petroleum. The - 
aqueous solution is alkalme to litmus; m.p. 
19G°-197°. Dextrorotatory ; in alcoholic solu- 
tion ra]p=4-i2° 32'. Salts leevorotatoiy. 

Aconitine is a most powerful poison (Uash and 
Dunstan, Phil, Trans. 1898, 190, 239). Between 
X and of a grain has been recorded as a fatal ' 
human dose. 

The ordinary salts of aconitine crystallise 
well. The hydrobromide B‘HBr,2|H|0 
rotatory, -30*47° ; m.p. led*- 

(anliydrous). The hydriodide, in.p. ^6°, is 
crystalline, and sparingly soluble in water. The 
aurichloride B'HAuCl^ is thrown down as a 
pai^yellow amorphous precipitate from soltt^ 
tions of the hydrochloride and auric chloride. 
It crj'stallises from alcohol with 3H.0 and then 
melts at 135*6° ; the anhydrous sMt has m.p. 
162° (Freund, Ber. 1894, 27, 724). 

Reactions. When aconitine is heated at its 
melting-point it loses 1 mol. of acetic acid and 
fumiahes a new alkaloid pyraconitine, and this, 
on hydrolysis wit^water or aeids, furnishes 


^ >T /-n n MM n A VT otwe j. Mi oiciua, iUiilWUUa 

(Ber. 1894, 27, 433), and their .l mol. of benzoic acid and a new base pyrocontriA 

VMrilte were cnnfirtnAd hv /AivtV. ^ im 


Wh^ a. salt of aconitine is heated with 
water, a gnoleoule of acetic aoit^is split And 
the aikateid benzaconinCf which also ocoS» id 
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Aconite roots, and has been variously known as 
^>«5racont^fne, isaconitine, mpdlinet ^ &c., is 
lomed. Benzaconine, in turn, by hydrolysis 
with alkalis or acids, furnishes 1 mol. oi benzoic 

It «<oid, and the alkaloid aconine, which is the 
final basic product of the hydrolysis. Aconitine 
is therefore acdylbenzoy^conine. 

On treatment with at tyl chloride aconitine 
furnishes a triacetyl derivative (m.p. 207°-208°). 
When heated with hydriodic acid it yields four 
inols. of methyl iodide, and must therefore con- 
tain four metnoxyl groups. It also contains a 
methyl group linked toMitrogen. On oxidation 
with acid permanganE^fe aconitine yields acetal- 
dehyde and a njutral ciystalline substance 
oxonitine (Carr, Chom. Soc. Trans. 1912, 101, 
3241). This substance was also obtained bv 
Brady (Chem. Soc. Trans. 1013, J03, 1821), and 
is most readily prepared by oxidation with 
permanganate in acetone solution (Barger and 
Field, Chem. Soc. Trans. 1915, 107, 231). The 
formula is moat likely C24n2„OflN. m.p. 276“- 
277° (bath previously heated to 200°). Further 
oxidation with nitric acid yields a nitroso- 
dicarboxylic acid CjaHafiOi'iNg, m.p. 205° 
(Brady). Oxonitine is also formed by the 
oxidation of japaconitine and deserjp^es further 
investigation. 

t It is probable from the foregoing summary 
of the chief reactions of aconitine that it may be 
regarded as derived from a parent base (’aoHj,N. 


BzO^^aoHjiNMe 


Detection and estimation . — The identification 
of the alkaloid is best accomplished by the 
^etehnination of the physical constants of its 
characteristic derivatives, '^but where minute 
quantities only are available the characteristic 
precipitate given with potas.siura permanganate 
(Dunstan and Carr, Pharra. J. 1896, [iv.] 2, 122), 
and the peculiar tingling sensation produced 
when even very dilute (1 in 4000) solutions of 
aconitine are applied to the tip of the tongue 
may bo utilised, but these reactions are equally 
applicable to the ‘ aconitines ’ as a class. Various 
rtiethods for the estimation of aconitine in aconite 


• 

Ber. 1894, 27, 729 ) ; the hydriodide has m.p 204°- 
, ^6°. The aurichloride has m.p. 136°. Accord- 
ing to Schulze (Z.C.) the tetraqetyl derivative of 
benzaconine is iden.tioal with triacetylaoonitine. 

With the removal of the acetyl group from 
aconitine the characteristic toxicity disappears 
and benzaconine is not toxic in the ordinary 
sense. In some respects its physiological action 
18 antagonistic to that of aconitine (Cash and 
Dunstan, Phil. Trans. 1898, 190, 239). 

Aoonlne OjjHgjOjN, the ultimate basic 
product of the hydrolysis of aconitine or benza- 
conine is amorphous and dextrorotatory, but 
yields hygroscopic leevorotatory salts. It is 
readily soluble in water, alcohol, or iSdoroform, 
but almost insoluble in ether or light petroleum. 
The hydrochloride B-HC1,2H,0 has m.p. 175°-^ 
176°, and the hydro bromide B-HBr,4H20, 
m.p. 225°. The aurichloride is amorphous. 

I The base furnishes a crystalline tetracetyl deriva- 
tive, m.p. 231°-232° (Schulze, l.c. 1906, 244, 
r/7). On oxidation with permanganate it fur- 
ni.slica acetaldehyde and an amorphous base, 
but with chromic acid it yields mcthylamine and 
two new bases (01[)4C2oH,90(OMe)3NMe and 
^i8D2o04(OMid3(NMo)'C02H, the former an 
ammo alcohol and the latter in amino acid 
(Schulze, Arch. Pharm. 1908, 246, 281 ; cf. Carr," 
Proc. diem. Soc. 1912,28,253; Brady,f6?d.p.289). ' 

Bikhaconitlpc The character- 

istic alkaloid of Aconitum spicakm (Stapf.), the 
roots of which constitute ‘ bikh ’-aconite of 
North Western India. It may be extracted 
from the roots by a slight modification of the 
process described under aconitine. The alka- 
loid was isolated and characterised by Dunstan 
and Andrews (Chem. Soc. Trans. 1905, 87, 1636). 

Properties. Separates from ether in button- 
shaped masse.s, m.p. 118 °- 123 °, or from alcohol 
on addition of water in white granules con- 
taining IHjO, m.p. 113°-116°. Dextrorotatory 
*»-i-12'21° in alcohol). The salts are 
Isevorotatory. The hydrochloride B'HC1,6H20, 
m.p. ] 69 °- 161 ° (anhydrous), crystallises and has 
[alp ~~ 8-86° (in water) ; the hydro bromide 
B-HBr.hH^O, m.p. 173 °- 176 ° (anhydrous) is 
crystalline and has [a]p— 12#2° ; the hydriodide 


roots have been proposed, but, as a rule, these esti- 
mate some benzaconine and acoiiine as well as 
aconitine, and are useless as methods of deter- 
mining the medicinal value of the roots, since this 
depends essentially on the amount of aconitine 
pi ^ent . Aconitine itself may be estimated by 
hysoiysiug it and determining the amount of 
a^io acid formed, but this method cannot be 
used for the estimation of aconitine in the plant 
sinoe the latter contains other substances w hich 
yield aoetio acid (Dunstan and Tickle, Ph^m. 
J. 1896, [iv.] 2, 126). ^ 

Benzaconine lias also been 

called isacoHiiin€f picracon%tin€, and ruipeUme 
by various observers. It occurs with aconitine 
in aconite roots, and may be isolated from the 
mother liquors from wmoh aconitine hydro- 
bromide has been crystallised, and is also pro- 
duced by heating an aqueous solution of an 
aconitine salt in a closed tiriso. 

Properties. Amorphous,ddextrorotatory base 
furnishing crystalline, lievorotatory salts. The 
hydre^bromide ot?ystallises in prisms, m.p. 273° 
(Schulze, l.c.)^ the hydrochloride occurs in two 
forms, m.p. 217® imd 268° (Freund and Beck, 


I ui.p. ^annyarous), orys- 

I tallises in needles, and is sparingly soluble in 
j water ; the aurichloride B’HAuCli crystallises 
I in canary-yellow needles, m.p. 232°-233°. Like 
' all the * aconitines ’ bikhaconitine is highly toxic. 

Reactions. Bikhaconitine contains six meth* 
oxyl CToups. When heated at 180° it loses 1 
mol. of acetic acid and forms pyro bikhaconitine 
(amorphous, giving amorphous salts). It under 
goes hydrolysis in two sttyjes, thus — 

Bikhaconitine. Veratroylbikhaconine. Acetic add. 

ii. C„H.^ N+H.0=C„H„0,N+C,H,„04 

Veratroylbikhaconine, BUdiaconine. Veratrioadd. 
Bikhaconitine, therefore, resembles pseudaconi* 

I tine {see p. 634) in furnishing veratrio acid in 
the second stage of its hydrolysis. The alkaloid 
I is, therefore, acetylveratroylbikhaoonine, and 
may be representeci thus — 

yeratroylMkJiaconlne the first 

basic hydrolytic product of bikhaconitine, 
cs amorphous and efextrorotatory ([a]p=! 4-29-9° 
in alcohol). The hydrochloride and hvdrn- 
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bromide amorphooB, bat the hydriodide { 
oryitallises in rosettes of needles, m.p. I89®-190®, 
The nitrate formarosettes of hexagonal prisms, 
m.p. 176®-178®. The auriohloride forms orange- 
yefloV rosettes of prismatic crystals, m.p. 146®- 
148° (anhydrous). 

Bikhaooninb ,N, the final basic 

product of the hydrolysis of bikh aconitine or 
veratroylbikhaconine. It is dextrorotatory and 
amorphous, but unlike the ‘ aconines ’ as a class, 
fumifiies well-defined crystalline salts. The 
hydrochloride occurs in rosettes of crystals, 
m.p. 126°-130°, the hydrobromide in tetragonal 
prisms, m.p. 146°-160'’, and the auriohloride 
• B*HAuCl4,3HaO 

in glistening rhombic plates, m.p. 129®-132* 
(hyarated), or 187°-188° (anhydrous). 

Indaoonltlne C84H47O10N is the characteristic 
alkaloid of Acomhim chasmanthum (Stapf.), a 
species indigenous to India, where it is known 
as ‘Mohri.^ It may be extracted from the 
roots by the process described under aconitine. 
The alkaloid was isolated and characterised by 
Dunstan and Andrews (Chem. Soo. Trans. 1906, 
87, 1620). 

Properties. Indaconitine crystallises in 
several characteristic forms, but can be obtained 
in crystals, which are almost identical in form 
with those of aconitine {set above). It has m.p. 
202°-203°, and is dextftrotatoryfa]jj«=-f 18° 17'. 
The salts crystallise well and are lesvorotatory. 
The hydrochloride B'HCljSIIgO, m.p. 166°- 171° 
(anhydrous), [0]^= — 15° 60', forms rosettes of 
silky needles ; the hydrobromide, m.p. 183°- 
187®(anhydrous), [o]^— — 17°16', crystallises from 
water in large hexagonal prisms ; the auri- 
ohloride B*HAuCl4,CHCl3, m.p. 147°-162°, forms 
rosettes of needles from chloroform by addition 
of ether. 

Indaconitine gives a characteristic crystalline 
precipitate with potassium permanganate, the 
crystals being smaller and less stable than those 
given by aconitine. Like aconitine, indaconitine 
is highly toxic (Cash and Dunstan, Proc. Roy. 
Soo. 1906, B, 70, 468). 

Readiorts, — Indaconitine contains four meth- 
oxyl groups. On hydrolysis it behaves in a 
manner analogous to aconitine, yielding in the 
first stage acetic acid and indbenzaconine, the 
latter, on further hydrolysis, fumishirig benzoic 
acid and pseudaoonine. The latter is also the 
final basic hydrolytic product of pseudaconitine 
(p, 634), so that pseudaconitine diflfers only 
from indaconitine in containing a vcwtroyl 
group in place of 1 benzovl group. Indaconitine 
18 therefore acetylbenzoylpseudaconine, and may 
be represented thus—* 

Indbenzaconine (Benzoylpseuda^onine) 

C31H4BO9N 

the first basic product of the hydrolysis of 
indaconitine is amorphous and dextrorotatory, 
[«]j,®=4-33° 36', bat famishes well crystallised, 
Ittvorotatory salts. The hydrobromide 
B-HBr,2H,0, 

nup. 247* (anhydrous) forms rosettes, the 
hydrochloride B'HCH, m,p. 242°-244°, oota- 
hedra, and the auriohloride, in.p. 180°-182°,# 
wsw rosettes. The auriohloro deriyativt, m.p. 

-436*8 forms eminute oolourlesB crystals. 


On hydrolysis with alkalis indbenzoobnine 
furnishes* benzoic ISbid and pseudaooniiie (tes 
p. 634). Ab is the case with Aconitine the 
removal of the acetyl group virtually abolishes 
the toxicity of indaconitine and indb^zaoonine 
IB scarcely poisonous in. the ordinary sense 
(Cash and Dunstan, 1^)1 

Pyrolndaconltine (^aH4,0sN exists in two 
forms. The o- form is* produced when the free 
base, indaconitine, is heated at its melting- 
point. It is amorphous, but furnishes a orystal- 
line hydrobromide B‘i[lBr, m.p. 194°-198®, 
which, like the alkaloid itself, is dextrorotatory. 
The aurichloritle is amorphou|^ When indaooni- 
tine hydrocftloride is heated at its melting-point 
it furnishes jS-pyroindaconitine, which is also 
amorphous, but yields a crystalline hydror 
bromide, m.p. ?548°-260°. 

Japaconitlne Cs4H490nN is the characteristic 
alkaloid of Japanese aconite roots of commerce. 
It may be prepared from this source by the 
method described under aconitine. According to 
Makoshi the roots of true Aconitum Pischeri 
(Heichb.) contain jesaconitino {see below), whilst 
japaconitine is furnished by the roots of a variety 
grown in Hondo (Arch. Pharm. 1909, 247, 270), 
which Holmes "regards as A, uminatimt var. 
japonicum. Japaconitine has been frequently 
investigated, and up to 1900 the balance of 
evidence was in favour of the view that it traa 
identical with aconitine (Mandelin, Arch. Pharm. 
1886, 223, 97, 129, 161 ; Lttbbe, Inaug. Dias. 
Dorp. 1891 ; and Freund and Beck, Ber. 1894, 27, 
720. The non-identity of the two alkaloids had 
already been asserted by Wright and Luff (Chem, 
Soo. Trans. 1879, 36, 387), and was finally proved 


by Dunstan and Read {ibid. 1900, 77, 46). 'JJheir, 
conclusions have leej^ confirmed byMako8hi(f.c.). 

Properties, Forms rosettes *of prismatic 
needles, m.p. 204 2°, and is crystallographioally 
distmet from aconitine and pseudaconitine. 
Dextrorotatory ([o]^® ^=-f23’6° in alcohol), but 
furnishes Isevorotatory salts. The hydrochloride 
B HCbSIIjO, m.p. 149°-160°, [a]j^«-23-8® in 
water, crystallises from alcohol and ether in 
rosettes of hexagonal plates ; the hydrobromide 
B*IIBr,4H20, m.p. 172°-173°, crystallises simi- 
larly ; the aurichloride exists in two modifica- 
tions. the a- form, m.p. 231° is stable and 
crystallises in opaque, golden-yellow needles ; 
the /8- form, m.p. 164°-160°, is unstable and 
crystallises in yellow prisms. The physiological 
action of japaconitine is qualitatively id en ti ca l 
with that or aconitine than which it iSr'djSgnuy 
more toxic (Cash and Dunstan, Proo. Roy, So«, 
1902, 68, 379). 

Reactions. Japaconitine, unlike aconitine, 
reaj^s with method iodide to form a crystalline 
metniodide, and from this methyljapaoonitine 
CaillisOiiN'CHj, m.p. 206°, rosettes of oolourlew 
needles may be obtained. Japaconitine forms a 
crystalline triacetyl derivative, m.p. 166®, and 
contains four methoxyl groups. When heated 
alone it furnishes 1 mol acetic acid and 1 mol 
pvrojapaconitine (v. infra). On hydrolysis it 
also behaves in a manner analogous to 
aconitine, giving fiifit 1 mol. each of acetic acid 
and japbenzaoonine* The latter may be further 
hydrolysed to benzoic acid and japaoonine, 
Japaoonftine is therefore acet^lbenisoyljtpaoo- 
nine, ana may be represented thu%(D. 
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JmbtiUMonlne Ca,H 4 ,OioN, the first basic 
hy^lytio product of japaipnitine, alfo occurs 
with this alkaloid in Japanese aconite roots. 
Unlike the analogous benzaoonine.it orystaUises^ 
though with difficulty, m.p. 183®. Dextroro- 
tatory ([alp *=4-40*16® in alcohol). The salts 
crystallise well, and Rw Isevorotatory ; the 
hydrochloride B*HCl,HaO, m.p. 263°, forms 
minute rosettes ; the uurichloride B'HAuCl 4 
crystallises from alcohol and then melts at 219°. 
The colourless aurichloro derivative 
CazHAiO^N-Aua,, 

m.p. 178®, forms rosettJs of noodles (D. a. R. l.c,). 

Japaoonine Cg/tl^aOBN, the finat basic pro- 
duet of the hydrolysis of japaconite or jap- 
benzaoonine, is amorphous, and hygroscopic and 
yields hygroscopic salts, which trystallise with 
diflSculty. Its solutions reduce gold chloride and 
Fehling’s solution. The base is dextrorotatory 
(D. a. R. I.C.). 

I^rojapaoonitine C 82 H 4 BO 8 N is formed by 
heatinj; japaconite at its melting-point, when 
1 mol. of acetic acid is evolved. Crystallises 
in colourless needles, m.p. 167°-168°, is leevoro- 
tatory ([a]p=*— 66*89® in alcohol), ai\d furnishes 
well-crystallised salts ; the aurichlofide 
B*HAuCl 4 , 

m.p. 160°-161° (from chloroform), or 188®-189® 
(from alcohol and ether). On hydrolysis by 
alkalis the base gives rise to 1 mol. benzoic acid 
and a new base j)yrojapaconine, which is amor- 
phous, hygroscopic, and Isevorotatory, and 
furnishes amorphous salts. 

According to Schulze and Liebner (Arch. 
Pharm. 1913, 251, 463 ; 1916, 264, 667), pyro- 
<rjapa»fcnitine C 88 H 4 JO 9 N, m.p. 171°, and pyro- 
japaconine are identical with pyraconitine 
and pyraconiiie respectively. As aconitine and 
japaconitine both give oxonitine (g.v.) on oxida- 
tion, these two alkaloids must be closely related. 

J^saoonitine C 40 H 61 O , jN, isolated by Makoshi* 
(Arch. Pharm. 1909, 247, 251) from ' Bushi ’ 
roots obtained from a species of aconite, A. 
Fischeri (?), found in the island of Hokkaido or 
Jeso in Japan. It was not obtained crystalline, 
but a crystalline triacetyl derivative, m.p. 213°, 
was prepared. On hydrolysis jesacouitine yielded 
benzoic acid, anisic acid, and aconine, identical 
Vith that obtained from aconitine, so that it is 
r^arded as benzoylanisoylaconine. Jesaeoni- 
tine is highly toxic (Makoshi, l.c,). 

Lappaoonltlne C 84 H 4 ^ 08 N 8 , obtained by, 
RSriiMuM (J. Pharm. Cnim. 1896, [vi.] 4, 262) 
from the roots of AconUum Hptenirionale(Koe\ie). 
It crystallises in hexagonal prisms, m.p. 205®, is 
dextrorotatory, shows a reddish- violet fluores- 
oenoe in ether, and furnishes crystalline sflts. 

S irolysiB it yields two bases ; one, m.p. 98®, 
soluble, and the other, m.p. 106®, nearly 
le in ether; at the skme time an acid, 
mup. 1X4®, giving a purple colour with ferric 
chMde^ produced. Lappaconitine is highly 
tc^o. The roots also contain cynoctonine 
(amorphous, bitter, and much less 
toxic than lappemonitine) and septeniriondline 
amorphous, * hitter, and ‘ about 
equal toxicity to cynQotonine (</..OrIoff, 
P.Z.f.lil907,86,213). 

OiiHj.OioNj, obta^ped by 
^d Spohp (P. Z. f. R. 1884, 23, 


813) and later by Schulze and Bierling (Areh. 
Pharm. 1913, 251, 8). along with myoctomne 
(C' 8 eH 4 |OioN|) and an unnampd base, from the 
roots of AconUum LycocUmum (Linn.), Is amor- 
phous and dextrorotatory. On hydrolysis with 
acids it furnishes anthranoyl-lyooctonine (Dra- 
gendorff’s lycaconine) and succinic acid. On 
hydrolysis with sodium hydroxide lyoootonine 
Cg 5 Hg 907 N,Ha 0 andlyooctoninio acid Cfj iHj ,0 jN, 
both crystalline, are formed. Lycoctonine had 
been found previously by Hiibsohmann in the 
roots (J. 1867, 416 ; 1866, 483 ; cf. Wright and 
Luff, Pharm. J. 1878-9, [iii.] 8, 169). All the 
alkaloids described are heart poisons. 

Pseudaconitine C^HjiOiaN. The»oharacter- 
istic alkaloid of AconUum deinorrhizum, the roots 
of which form Nepaul aconite of commerce. It 
may be extracted from the roots by the process 
described under aconitine. Pseudaconitine has 
been frequently examined (Wright and Luff, 
Chem. Soc. Trans. 1878, 33, 161 ; Mandolin, 
Arch. Pharm. 1884, 222, 97, 129, 161), and most 
recently by Dunstan and Carr (Chem. Soc. Proo, 
1895, 154 ; and Chem. Soc. Trans. 1897, 71, 360). 

Properties. Colourless crystals of rhomboidal 
shape, m.p. 21 1®-212® (decomp.) ; [o]jj= -f 18® 36' 
in alcohol. Readily soluble in filoohol, less so 
in ether, very slightly in water, almost insoluble’ 
in light petroleum. The salts are Isevorotatory ; 
the hydrobroiride B*HBr,2H80, m.p, 191® 
(anhydrous), and the nitrate B-HNOj.SHjO, 
m.p. 192®, are crystalline. The hydrochloride 
is amorphous, but the aurichloride, m.p. 235*- 
236°, may be crystallised from alcohol. Pseud- 
aconitine exerts a physiological action similar to 
that of aconitine, out is much more toxic (Cash 
and Dunstan, Proo. Roy. Soc. 1902, 68, 379). 

Reactions. On heating an aqueous solution 
of a neutral pseudaconitine salt in a closed tube 
at 136° the alkaloid undergoes hydrolysis, 
yielding 1 mol. acetic acid and 1 moL veratroyl- 
pseudaconine. The latter is hydrolysed in the 
cold by sodium hydroxide in alcohol, furnishing 
1 mol. of veratrio acid and 1 mol. of pseudaoonine. 
When heated at its melting-point pseudaconitine 
loses 1 mol. acetic acid and furnishes pytopseud- 
aconitine. Pseudaconitine^ in view of these 
reactions, is to be regardea as acetyl veratroyl- 
pseudaoonine 

No relationship has yet been traced between 
pseudaconine and aconine (D. a. C. ; cf. Freund 
and Niederhofbeim, Ber. 1896, 29, 6, 862). 

Veratooylproudaeonlne C*4H480nN. The 
first basic product of the hyarolysis of pseud- 
aconitine (see above) Sep^ates in large, irregu- 
larly-shaped crystals fiom ether, nup. 199°, 
wadily soluble in chloroform or alcohol, nearly 
insoluble in water or light petroleum, 

—88® 18' in alcohol. The salts crystallise well ; 
the hydrobromide B'HBr,3H|0 in {xismsj tto 
nitrate B*HN0, in rosettes of rhombic nrisinB, 
m.p. 222® and 232® ; the aurichloride B‘£AttQ 4 
is amorphous (D. a. Cl.). Veratroylpseudaoonine 
is not toxic (Owh and Dunstan, l.c.\ 

PseudMonina 0»H^OaK, the ultimate . 
basic product o| the hyorcaysis of pseadaonni* 
tine and indaconitine, forms large cc^ourlesa 
vxystals, m.p. 94®-95°, containing 1 m(^. aioohoX 
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ot eiyftaJliMtitai. Dextrorotatory ([a]j,=38° 12' 
in water). The |alts are amorphous. 

PyramradMOOttine Formed 

by heati^ p:eudaconitiiie at its melting-point, 
when 1 mol. acetic acid is evolved ; it is amor- 
phous, but yields a hydriodide, crystallising in 
prisms (D. a. C. l.cX 

Atisine CaaHjiOjN, the characteristic alka- 
loid otAconituml^terophyUuin (WaU.)of Northern 
India, It was first isolated by Broughton in 
1873, and was subsequently examined by Waso- 
wicz (Arch. Pharm. 1879, 214, 193), Wright 
(Year Book Pharm. 1879, 422), and later by 
Jowett (Chera. Soc. Trans. 1896, 69, 1618). 
Atisine is amorphous, readily soluble in water, 
alcohol, ether, or chloroform, Isevorotatory 
([oJ^^"=as — 19‘6° in alcohol). It yields crystal- 
line, dextrorotatory salts ; B'HCl, prisms, m.p, 
296° (deoomp.) ; B-HI, tablets, m.p. 279°-281° 
(decomp.) ; Ba'HaPtCl,, crystalline j’eUow 
powder, m.p. 229° (decomp.). When heated with 
water in a closed lube atisine furnishes & hydrate 
CjjHjaOjN, which is amorphous, and yields amor- 
phous salts. Atisine is non-toxic (Jowett, l.c.). 

Palmatlsin^. A colourless, cr 3 "stalliiio, non- 
toxic alkaloid, m p. 285°, found in the roots of 
Aconitim palmatum (D. Bun.), a species indi- 
genous to India (BunsUn and Carr). 

The fullest account of the iftonite alkaloids 
is by F. H. Carr, in Allen’s Commercial Organic 
Analysis, vol. vi. 1912, pp, 263-287. G. II. 

ACORN OIL. Although acorn oil has not 
yet become a commercial article, the yield of 
oil obtainable would re])ay the cost of collecting 
the acorns, while the oil-cake would furnish a 
valuable feeding stuff. Baker and Hulion 
(Analyst, 1917, 42, 361) found that a ton of 
fresh acorn's from Querca-^ rob nr yielded, on the 
average, 16*75 cwt. of kernels, corresponding to 
8*6 cwt. of dry kernels. Two specimens of 
peeled acorns had the following composition : 
Moisture, 1*45 and 3*32; ash, 2*26 and 2*70; 
oil, 5*0 and 4*7 ; proteins, 6*65 and 7*75 ; 
reducing sugars, 4*9 and 8*18 ; cane sugar, 1*9 
and 0*1 ; starch, 67*1 and 55*7 ; pentosans, 
3*2 1 and crude fibre, 2*2 and 2*28 p.c. By 
hydrolysing the crushed nuts with dilute sul- 
phuric aoief, and neutralising and fermenting the 
filtrate 12*7 p.o. of alcohol (calculated on the 
fresh acorns) was obtained. Acorns, unlike 
chestnuts, do not appear to contain a liquefying 
enzyme. 

An oil extracted from the acorns of Q. 
agrijolia was fluorescent and of a deep4»rown 
colour. It had sp.gr. 0*0162 at 15°, and imline 
value 100*0, and belonged to the same type of 
oils as araohis oil (Blt^dale, J. Amer. Chein. Soc. 
1895, 17, 935). C!. A. M. * 

AOORUS CALAMUS (Linn.). The common 
sweet fla^. The root is used by distillers to 
flavour gin, and the essential oil by snufl- 
makers for scenting snuff. It contams a gluooside 
termed ocm'nCaflHeoO* (Faust, Bull. Soc. chim. 
i2] 9, 392 ; Thoua, Arch. Pharm. [3] 24, 465) 
(t>. GkUMVS). 

ACIUDQIE Oi|HgK. Crude anthracene con 
tains hasio substemoes, and among them aori- 

which can be isolated by extracting it with 
dMMi ftii^phttrio add aad potsasinm di» 
ditooiate to tjie add solution. The precipitated 


acridine chromate is tfaen'reorysfcajflised fipoi 
water, tftated with ammonia, and the base otyi 
tallised from hot water (Graebe and Can 
Annalen, 168, 265 ; Ber. 13, 99). 

Acridine has also been obtained synthet 
cally by passing the vapours of orthotolylanilm 
and of orthoditolylam^ throi^h a tube heate 
to dull redness (G., B®. 17, 1370) ; by severall 
heating formic acid and diphenylamine (Bemtl 
sen and Bender, Ber. 16, 767, 1802), ohlorofom 
diphenylamine and zinc oxide (Fischer an 
Korner, Ber. 17, 101 ), ami aniline and salicyldde 
hyde (Mohlau, Ber. 19, ^61) with zinc chloride 
by passing o-amidodiphenyl methane throng] 
a layer of ‘lead oxide heatid to dull rednes 
(Fischer and Schutto, Ber. 26, 3086), By dia 
tilling tetrahydroacridine with litharge (Borschc 
Ber. 41, 2203)r and also from aoridone (Deoke 
and Dunant, Ber. 39, 2720 ; Ullmann, Bade; 
and Labhardt, Ber. 40, 4796). 

From iodobenzene and o-aminobenzaldehyd( 
boiled with nitrobenzene, sodium oarbonatt 
and copper powder ( Mayer and Stein, Ber. 1917 
50, 1306). 

Properties. — Acridine crystallises in smal. 
colourless needles, or four-sided rhombic prisms, 
sublimes at 100“, melts at 111°, boils above 360' 
without decomposition, and distils with steam, 
It is sparingly soluble in hot water, but readilj 
soluble in alcohol, ether, or carbon disulphide, 
yielding solutions showing a blue fluorescence, 
When mhaled either as dust or vapour it causes 
violent sneezing, and in solution both it and it« 
salts cause much irritation on the skin. Or 
treatment with nitric acid it yields two nitro- 
derivatives (m.p, 164° and 214°) and a dinitro- 
derivative (G. and C.) ; potassium permanganate 
oxidises it to 2 : S-quinolinodicarboxyliimaQid 
C„H 5 N(C 02 lI) 2 , am? sodium amalgam reduces ij 
to hydroacridine CjaHi^N (B. aila B., Ber. 16, 
1971 ; B,, Ber. 16, 2831 ). The salts are yellow and 
crystallise well, but are decomposed into their 
constituents on boiling. Heated with hydrogen 
and finely divided nickel, it forms 2 : 3-mmethyl 
quinoline (Padoa and Fabris, Atti R. Abad. 
Lincei, 1907, fv.] I6,i. 92 If. The halogen addition 
compounds of acridine and its denvatives are 
formed by the direct action of the halogen on 
the acridine (Senier and Austin, Chem. Soo.^ans, 
1904, 1196) ; or by the action of a mixture of 
phosphorus oxychloride and pentachloride on 
thioacridone (Edinger, Ber. 33, 3370 ; D. R. P. 
120686 ; Edinger and Arnold, J. pr. Chem. [ii]64, 
182, 471 ; I). R. P. 122607) ; for other methods, 
compare Bunstan and Stubbs (Ber. SCy'MfSl; 
D. K. P. 126795), Graebe and Lagodzinski 
(Annalen, 276, 48). Alkyl iodomagnesmm com- 
pounds of acridine have also been obtained 
(Syier, Austin, and Clarke, Chem. Soo. Trahs« 
1906, 1469). When exposed to sunlight aoiidine 
forms pale-yellow crystals, m.p. 276°(Omdorfi 
and Cameron, Amhr. Chem. J. 1896, 17, 568). 

3 : 7 -dimethyl- 2 : S-diaminoacridine ^ or am- 

» The system of numberlug the positions In the 
acridine series adopted in this article and in that on the 
“ Acridine Di/ostuiis,” is that used in Richter’s Lexikon 
viz.; 
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is obtained heating under pressure tetramino- 
ditolylmethane with hydrochloric acid and water, 
the product is then oxidised with ferric chloride 
or potassium percarbonate KjCjO* or hydrogen 
peroxide, and the resuliimg metallic salt decom- 
posed with hydrochloric^ acid (D. R. P. 62324; 
Lymn, J. Soo. Chem. Ind. 1897, 16, 406 ; UU- 
mann and Mari6, Ber. 34, 4308 ; Haase, Ber. 36, 
689). It forms yellow crystals melting above 
300®, soluble in aloohoj, acetone and pyridin, 
and forming a yellow solution in sulphuric acid 
with a CTeen fluorescence. It yields derivatives 
which form yellow, 'orange, brownish-, greenish-, 
and reddish-yellow dyes, and can be used on 
cotton, leather, wool, and silk. The following 
are some of the methods ot' preparation : 
(1) heating with mineral acids under pressure, 
when it yields aminohydroxy- and dihydroxy- 
dimethyl acridine (D. R. P. 121886; Chem. 
Zentr. 1901, ii. 78; J. Soc. Chem. Ind. 21, 
37) ; (2) heating with monochloracotio acid and 
water under pressure (D. R. P, 133788 ; Chem. 
Zentr. 1902, ii. 616 ; D. R. P. 136729 ; Chem. 
Zentr. 1902, ii. 1396); (3) heating with formalde- 
hyde and mineral acids under prosshre (D. R. P. 
136771 ; Chem. Zentr. 1902, ii. 1233 ; J. Soo. 

* Chem. Ind. 21, 112, 644, 402); (4) by treatment 
with formaldehyde and aromatic bases (J. Soc. 
Chem. Ind. 22, 140; D. R. PP. 13136.6, 132116; 

. Chem. Zentr. 1902, ii. 172 ; i. 1288) ; (6) heating 
with benzyl chloride in presence of nitrobenzene 
(J. Soo. Chem. Ind. 21, 701, 1530); (6) treating 
with aqueous formic acid {ibid. 21, 90) ; (7) heat- 
ing with glycerol at 160*-180® (D. R. P. 161206) : 
(8) alkylation (Ullmann and Mari6, Ic. ; D. R. P. 
«?976«rV J. Soc. Chem. Ind. 19, 1010; 24, 
840). 

Phenylaorldlne C^HjaN is obtained by heat- 
' ing diphenylamine with benzoic acid and zinc 
chloride at 260* (Bernthsen, Ber. 15, 3012 ; 16, 
767, 1810), and melts at 181*. The hydroxy- 
phet^lacridines which form yellow dyes in 
mineral acids can be obtained similarly by using 
the corresponding hydroxy acid (Landauor, Bull. 
Soo. ohim. 31, 1083). | 

Other acridine dyes can be obtained by I 
heating tetraminoditolylmethano or the leuco- 
compounds of amino- acridines with mineral acid 
^d alcohol under pressure, the shade depending 
on the quantity and nature of alcohol and of 
acid used (J. Soo. Chem. Ind. 20, 888; 22, 
11 ^ ; 23, 932). Also by the interaction of an 
arofiiarrio or aliphatic ?w-diamino with an alde- 
hyde {ibid. 21, 1629; Chem. Zeit. 14, 334; 
J. Soo. Chem. Ind. 17, 673; 22, 1241). By 
heating the formyl derivatives of w-diamines 
writh ammonia salts or salts of orgapic 
bases at 160*~200® (D. R. PP. 149409, 
149410). For other methods of preparing 
^ acridine derivatives, many of which have dyeiim 
properties, compare: Bizzarri, Gazz. ohim. itah 
So, 407 ; Deokef, J. pr. Chem. 163, 161 ; Mohlau 
and Fritzsohe, Ber. 26, 1034 ; Volpi, Gazz. chim, 
ital. 21, ii. 228 ; J. Soc. Chem. Ind. 19, 732 ; 

21, 338, 701, 911, 1628 ; Goodwin and Senior, 
Chem. Soc. Trans. 1902, 28<^J. Soc. Chem. Ind, 

22, 23, 90 ; D. R. PP. 133709, 107617 ; Ujlmann, 
Ber. 36,^1017, 1026; D. R. P. 14t297, 141366; 
Bilnzlty and Decker, Ber. 87, 676 ; Fox and 

Caie% Soo. Trans. 1904, 629; 1906, 

I 


1068; Sohfipir, Ber. 26, 1121; Ber. 27, 2316; 
Duval, Compt. rend. 142, 341 ; Koenigs, Ber. 32, 
3699; UflmannandMaag, Bero40,2616; Austin, 
Chem. Soo. Trans. 1908, 1760 ; D. R. PP. 118076, 
162062 ; Pope and Howard, Chem. Soo. Trans. 
97, 83. 

I Naphthacridine and its derivatives, which 
can also be used as dyes, have been prepared (J. 

' Soc. Chem. Ind. 18, 826; 19, 237 ; Ullmann and 
Naef, Bor. 33, 905. 912, 2470 ; J. Soc. Chem. Ind. 
20, 37. 673; D. R. P. 126444; Ullmann and 
Baezner, Ber. 35, 2670 ; 37, 3077 ; Ullmann and 
Felzvadjian, ibid. 36, 1027 ; Ullmann and Farre, 
ibid. 37, 2922 ; Ullmann and Fitzenham, ibid. 
38, 3787 ; Baezner and Gardiol, ibid^Sd, 2623 ; 
Baezner, ibid. 2650 ; Senier and Austin, Chem. 
Soc. Trans 1907, 1233, 1240 ; Senior and Comp- 
ton, ibid. 1907, 1927 ; Baezner and Gueorgnieff, 
Ber. 39. 2438). 

In the case of many of the naphthacridine 
derivatives, patents have been taken by Ullmann 
(D. R. PP. 104667, 104748, 108273, 117472, 
119673, 123260, 127586, 128764, 130721, 130943); 
the further alliylatioii of some of these, as well 
as of other acridine compounds has" been patented 
by the A.-G. fiir Anilin-Fabrikation (D. R. PP. 
117065, 129479). « 

ACRIDINE DYESTUFFS. Acridine, though 
colourless, shows absorption bands in the ultra- 
violet, The salits are yefiow, and the addition 
products with alkyl halides are also coloured. 
(For absorption spectra, see Dobbie and Tinkler, 
Chem. Roc. Trans. 1905, 87, 269.) The salts 
of acridine itself ore useless tinctorially, but 
amino- and alkyl-amino derivatives of acri- 
dine, phenylacridine, Ac., are useful dyestuffs, 
generally producing yellow shades. For the pre- 
paration ul thepe substances.synthesis is generally 
resorted to, although acridine may be nitrated 
(Graebe and Caro, Annalcn, 1871, 168, 276), and 
o-nitro-acridino has been reduced to .an amino- 
acridine (Anschutz, Ber. 1884, 17, 437). 

The trinitrophenylacridine obtained by direct 
nitration of phenylacridine gives a dyestuff on 
reduction (? triaminophenylacridine), which dyes 
silk yellow ; no use seems to have been made of 
this observation (Bernthsen, Annalen, 1884 
224, 30). ^ 

One dyestuff of the acridine series, chrys- 
aniline, is formed as a by-product in the manu- 
facture of magenta (Hofmann, Jahresb. 1802, 
346). Its constitution 


N 



was determined by 0. Fischer and G. K6mer ; 
probably two moleoules of anilipe and one of 
p-toluidine condense • when oxidised to opp- 
triaminotripheuylmethane, this yielding ohrya* 
aniline when further oxidised. .This view is 
supported by the fact that when opp-triAmino- 
triphenylmethaije is heate^ with arsenic acid to 
160®-180®, chrysaniline is produced (Annalen. 
4884, 226, 188). 
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The prooea^ for preparing amino- derha- 
tires of aoiidine on a teohnioal scale may be 
illustrated by the methods of preparing benzo- 
fiavintf rAeontns, and diaminbacridylbenzoic acid. 

Symmetrical diamino-aoridines aie ob- 
tained by the condensation of aldehydes with 
m-diamines, removal of the elements of ammonia 
from the resulting tetra-amino- compound by 
heating with hydrochloric acid, and oxidation 
of the dihydro-acridine thus produced with 
ferric chloride. In the case of henzojlavme 
benzaldehyde and w-toluylene-diamine are 
employed. 


C,H,-CH04-2 



nh/' 

CH3^ 

NH 


[NH, 




nh,,/^\nh, (Ha) 

AJcH3 



The reaction is capable of considerable modi- 
fication ; thus from formaldehyde and dimethyl- 
w-phenylenediamxne, acridine orange is produced 
in an analogous manner. It should be noted, 
however, that w-phenylepediamine gives pro- 
ducts which are evidently mixtures, and cannot 
be purified (R. Meyer and R. Gross, Ber. 1899, 
32, 2365). 

DiamiiK'aLxidme may, however, bo obtained 
from pp'-diamiuo-diphenylmethane (see below). 

The reaction between an aldehyde and a 
rrt-diamine may be carried out in two stages; 
Meyer and Gross (/.c. p. 23C8), for example, 
prepared a monobenzylidene derivative of m- 
loluylenediaraine and converted this into 
letraminoditolyl-phenylmethane by warming 
its alcoholic solution with the hydrochloride of 
m-toluyienediamine for three hours at 60®-70*. 
Acridine itself may be obtained in good yield 
by heating salicylidene- aniline with phosphorus 
pentoxide to 250® (Blau, Monatsh. 1897, 19, 123). 

A closely-related synthesis of acridine 
denvatives is that of F. Ullmann and E. Naef 
(Ber. 1900, 33, OdS). When dihydroxydj- 
naphthylmethane, the product of the interaction 
of formaldehyde and iS-naphthol, is j^eated with 
p-toluidine hydrochloride, methylhydronapth- 
acridine is produced with elimination of 
naphthol. 

CH,(CioH.OH)3-1-NH,*C.H4-OH3 


Eheonhie is obtained from m-amino- 
phenylawamine or tetramethyldiaminobenzo- 
pimnone and m-phen^lenediamuie at 200®, using 
aiho chloride as condensing agent. 


(CH.),n/\, , 


T /I ■ 

V\co 

A 

A -- 

N(CH3), 





.'^'onK^ derivatives of xanthene, when ener- 
getically treated with ammonia, suffer replwe- 
mcut of the pyrone oxygen atom by an imino- 
group. By the prolonged heatiim of fluorescein 
with ammonia under pressure, R. Meyer (Ber. 
1888, 21, 3370) obtained an acridine derivative, 
to which one of the three following constitutions 
is assignable : — 


NH N 



The salts of the tetra-ethyl derivative of this 
compound form the dyestuff known BAilavtoaint. 

Acridine Orange NO (Farbwerk Mffhlheim, 
D. R. P. 69179, 17 Dec. 1889), Ci8^[N(CIH,)ala. 
HQ-ZnCl, was discovered by Bender. It is 
produced by condensation of dimethyl-w- 
phenylenediamine with formaldehyde and pro- 
ceeding according to the method referred to 
above. It forms an orange powder wJljioh 
dissolves in water or alcohol with OKCi^- 
red colour and greenish fluoresoenoe. Tne 
aqueous, solution is reddened by hydro- 
chloric acid ; sodium hydroxide gives a yellow 
pr^ipitate. The solution in oonoentrated sul- 
phuric acid is nearly colourless and has a greeniih 
fluorescence, dilution with water produces suc- 
cessively red and orange colouration. Tlie dye 
gives orange shades, fairly fast to light and soap, 
on cotton mordanted with tannin; it is alM> 
suitable for printing and leather-dyeing. 

The analogous dyestuff from diethyl-^m- 
phenylenediamme is described in D. R, P. 
67609, ’ the substaifffeB derived from monoalkyV 
phenylenediaqainessn D. E. P« 70936. 

Anoti)ier method of prepar^ Aoridine orai^e 
is to h^at 12 kilos, of amii^imethjdbiiliim 
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cither with 10 kiloe. of formic acid («p.gr. 1 *2) and 
10 kilo#, of ainc chloride gradually to lh0*--160*, 
or with 12 Idlos. of dehydrated oxalic acid, 10 
kilos, o^lycerol and 11 kilos, of zinc chloride to 
150®. bating and stirring are continued as 
long as any darkening of shade can bo observed, 
ammonia is liberated drying the reaction, and 
formic acid having been employed instead of 
formaldehyde, the product when worked up 
yields the dyestuff instead of its leuco- compound 
(D. R. P. 67126). 

The formyl derivatives of m-dia mines may 
also be used (D. R. P^. 149049, 161699), or the 
* methane * carbon atom may be furnished by 
various formyl doS'ivatives such as'^formanilide 
(D. R. P. 149410). 

Acridine Orange, R extra (Farbwerk MUlil- 
heim, D. R. P. 68908, 7 Fob. 1»90). The dye- 
stuff is the hydrochloride of tetramethyldia- 
mino-5*phenylocridine, and is obtained from 
dimethyl-w-phenylenediamine and benzUldehyde. 
Its reactions and uses are similar to those of 
Mark NO. 

D. R. P. 68908 also mentions the use of 
m*aminodimethyl-o-toluidiiie. If the latter base 
be condensed with p-nitrobenzaldehydo to a 
triphenylmethane derivative, the ’ nitro- group 
reduced and condensation and oxidation ejBfected 
in the usual way, an acridine dyestuff possessing 
two tertiary and one primary amino- group is 
obtained (D. R. P. 70065; compare D. R. P. 
71362). ^ 

The use of acetaldehyde as a component was 
claimed by the Ges. f. Chem. Ind. (D. R. P. 
143893, 13 March, 1902). 

Acridine Yellow (Farbwerk Mtlhlhoim, D. R. P. 
52324, 27 June, 1889) was, like the two pre- 
*V.edlK^ colours, discovered by Bender. Its 
constitution is that of A 2 : 8-diamino- 3 : 7- 
dimethylacridlhe hydrochloride; it is produced 
from formaldehyde and tn-toluylenediamine. 
It forms a yellow powder soluble in water and 
alcohol with yellow colour and green ffuore* 
Boence; yellow precipitates are obtained 
with hydiroohlorio acid (hydrochloride) and 
sodium hydroxide (free base). Silk is dyed a 
greenish yellow with OTeen fluorescence, cotton 
(tannin mordant) is coloured yellow. 

The salts with aliphatic aoi^, e.g. formate 
and acetate, are more soluble (Farbenfabriken 
^yorm. P. Bayer, D. R. P. 140848, 13 March, 
1903). Acridine yellow is converted into an 
orange yellow, more easily soluble dyestuff by 
he^tmg with twice its weight of glycerol for 
4-^ "ifbuni to 170®-180® (Badische Anilin und 
Soda-Fabrik, D. R. P. 151206, 26 July, 1903). 

(For the action of aldehyde on aniline yellow, 
Me D. R. P. 144092.) Compounds, probably of 
Bondinium type, are obtained from anijine 
yellow by the action of monochloracetio acid 
(M. L. B., D. R. PP. 133788, 136729, 162662) 
and other dyestuffs by condensation with 
formaldehydeandm-diamines (D. R. PP. 131365, 
132116, 136771). Either one or both of the 
aniino> groups in acridine yellow and analogous 
ayestufe ajw replaced by hydroxyl on heating 
With dilute sulphuric acid to i80®-220® (D. R. P. 
121686), and similar compoiftids may be obtained 
from fomaldehyde by condensation with,amino> 
wes<dB (B. R. E 120466). 

MwMByl aniioe yellow is claimed Ify Bayer 
A.Co. as a iw^ul leather dye (D. R, P. 141297). 


Benzoflavine (several marks) 2j8-diaminq 
3 : 7-dimethyl-6-phenyIacTidme hydroohlorid 
CiiH 4 N{ 0 -H 5 )(NHj)j(CH,)j,IHpl, was disooverw 
by Rudolph in 1887, and introduced oommeroiaU^ 
by K. Oehler in 1888 (D. R. PP. 43714, 28 July 
1887 ; 43720, 45294, 45298). Its preparation hai 
been given above. The dye, which is usually mixe< 
with dextrin, forms an orange powder, diffioultb 
soluble in cold water, more easily in hot. Botl 
aqueous and alcoholic solutions are orange, wit] 
strong green fluorescence. Hydrochloric aci< 
gives an orange precipitate, sodium hydroxide 
liberates the yellowish-white base. The solutior 
in concentrated sulphuric acid is greenish yellow 
and shows a ver}’^ strong green fluoretoence. I 
may be used for dyeing both mordanted anc 
unmordanted cotton. The acetate and lactat< 
are more readily soluble (Bayer, D. R. P 
142453, 19 April, 1902) ; it behaves like aoridint 
yellow when heated with glycerol. 

The Patent Phosphines of the Ges. f. Chem. 
Ind. in Basel are obtained by alkylation of 
benzoflavine and acridine yellow (D. R. P. 
79703; compare D. R. P. 131289). 

Coriophosphines (Bavor & Co.). These dye- 
stuff.s, which are suitable for leather-dyeing, are 
probably un.symmetrically alkylated diamino- 
acridines obtained by condensation of formaldJ* 
hyde with one molecule of an asymmetrically 
dialkylated m-diamine a5id one molecule of a 
iion-alkylatod or monoalkylated w-diamine, with 
subsequent elimination of ammonia, and oxida- 
tion (D. R. P. 133709). 

Chrysaniline CuHjjN occurs under many 
other names commercially, e.g. Leather yellow, 
Xanthine, Philadelphia yellow G, Leather brown, 
Phosphine (several marks), &o. Reference to 
its occurrence in the manufacture of magenta 
has already been made. Numerous methods 
for preparing homologuos and analogues of this 
substance have been patented (I). R. PP. 66986, 
78377, 79263, 79685, 79877, 81048, 94961, 
102072, 10G719, 114261, 116363). The method 
adopted for this purpose by Meister, Lucius, and 
Briining may be mentioned (D. R. P. 669^, 
2 April, 1892). p-Toluidiue and its hydro- 
chloride are heated with f^io chloride (oxygen- 
carrier), and w-nitroanilme gradually added. 
The resulting dyestuff is the next higher homo- 
logue of chrysaniline, containing a methyl- group 
in position 7. 

According to Friedlander (Fortschritte der 
Theerfarbenfabrikation V. 373), the yields pro- 
duced by this method are not good, but the 
reaction between p-aminobenzaldehyde or a 
derivative and phenyl-m-phtnylene- (or toluyl- 
ene-) diamine proceeds nearly quantitatively ; 
C.H, NH C,H,-NH, -f C,‘H4(NHACH0 -f 0 

= 2H.0 + C.H,<'?>0,H,NH,' 
( CC.H.-NH, 

B. A. S. F.j p. R. PP. 94961, 102072). 

Chrysaniline forms an orange-yellow powder, ' 
soluble in water and alcohol with reddish-yeUow 
colour and yellowish-green fluorescence. Thesolu- 
tion is unaltered by hydrochloric acid ; sodium 
hydroxide gives a bright yellow preoipiteto. i 
Chrysaniline is chiefly used in leathet dy^jg. 

OoriofSavinei (Grieshmm-Elektron). iSbaao 
dyestuffs, whio^i occur oqmmeroially a# merics 
I G, GG, R, and RR, are used in l^ther-dydbji 
>ndoalioo-iaintin^. They foym red of 
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brown powdem, which diatolve ia ooncentrated 
Biilphuno acid with yellow or orange colouration 
ana green flflor^ence ; these solutions turn 
red or reddish-brown on dilution. 

Flaveosine (Meister, Lucius, and Brilning, 
D. R. P. 49860, 11 May, 1889) is a tetraethyl- 
diaminoacridylbenzoio acid, w'hich is obtained 
by heating m-acetaniinodimethylaniline with 
phthalio aMydride. It has been examined by 
Grandmougin and Lang (Ber, 1909, 42, 4014). 

The hydrochloride crystaUises in shining 
brownish-yellow needles, the sulphate in prisms, 
exhibiting a cantharides lustre. The base is 
precipitated from the salts by sodium carbonate, 
and forn#golden-yclIow shining leaflets. 

Flaveosine dyes silk golden yellow (yellowish- 
green fluorescence) from a feebly acid bath ; wool 
and cotton (tannin mordant) are coloured 
reddish yellow. The colours are fast. 

Substances closely related to flaveosine arc 
obtained by the esterification of the product of 
the interaction of ammonia and nuorasoein 
(B. A. S. F., D. R. PP. 73334, 76933 ; compare 
D. R. P. 141366). 

Rheonlne (Badische Anilin und Soda-Fabrik). 
Tliia dyestufi was discovered by C. L- MUllcr 
(D. R. P. 829»»9, 16 Dec. 1894). Its method of 
preparation has already been given. Hhconino 
forms a brown powder, soluble in w^ater and 
alcohol, with brownuii-yollow goloiir and green 
fluore.scenoe. Hydrochloric acid turns the solution 
brownish-red, caustic soda gives a bright brown 
precipitate. It is used for obtaining brownish- 
yellow shades on leather or oot ton (tannin). Two 
marks, N (brighter), and A (darker), are in use. 


The Mm of dkiilluobonzoi^eiioufi And of 
Miohlor% hydrol for condensation with 
mines have been patented (H. Ls B., D. R. P. 
89660 and B. A. S. F.» D. R P. 86199 re- 
spectively). 

Many acridine and uaphthaoridine dyeatulte 
containing only one ^ino- group have been 
described (D. R. PPri04667, 107517, 107626, 
108273, 118076, 118076, 126697, 130360); and 
it has also been observed that dyestuffs can be 
obtained when only one molecular proportion of 
a m-diamine is used with formaldehyde (D, R. P. 
13C617). • 

Trypaflavlne. The 2 ; 8 -diamino- 10 -methyl- 
acridonium* salts first ac(|uired interest on 
account of their trypanocidal action (L. Benda, 
Ber. 1912, 46, 1787). As mentioned above, the 
condensation of aldehydes with w-phenylene- 
diamine gives a mixture of substances. If s. 
pp'-diaraino-diphenylmothane is nitrated in oold 
sulphuric acid solution, oo'-dinitro-pp'-diamino- 
diplienylmcthane is produced. The latter com- 
pound by reduction with tin and hydroohlorio 
acid and heating the resulting solution for four 
hours at 135° gives the stanniohloride of 2 : 8 - 
diaminoacridinc (L. Cassella & Co. D. R. P. 
230412). After acetylation of the amino- 
groups, the nitrogen atom of the pyridine 
nucleus may be methylated by means of methyl 9 
tolueno-sulphonate and the acetyl groups 
subsequently removed by heating with a mixture 
of equal volumes of water and hydroohlorio 
acid {e.g. ITS). The steps in the formation of 
trypaflavino may be represented thus 




The reactii'iis of trypaflavlne have been 
studied by Klirlich and Benda (Ber. 1913, 46, 
1931). • 

More recently the material has been intre- 
dueed as an antiseptic under the name of 
Flavine, since changed to Acriflavinei( Browning, 
Gulbransen, Kennaway, and Thornton, Brit. 
Med. J. 1917, i. 73). Whilst most antiseptics 
act more powerfully in water than in blood 
swum, this behaviour is reversed in the case of 
flavine. Thus flavine kills Siaj^ylococcus nurem 
at a dilution of I ; 20,000 in water containing 
0*7 p.o. of peptone, but at 1 : 200,000 in blood 
Meum. Mx^ver, flavine has been found to 
■have a low toxicity.* , 

Aoridont and its simply 


derivatives have rto particular interest tinctori- 
ally. Anthraquinone-l ; 2-acridone may, how- 
ever, be dyed from a vat giving reddish-violet 
shades on cotton (P. Ullmann and P. Oohsnet, 
Annalen, 1011, 381, 9). The substance is 
obtained by warming o-oarboxyphenylanflno-l- 
anthraquinone with sulphuric acid. 
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TBm neoeawry cuboi^e acid can be obtained 
from l-chloroauthiaqmone and anthranilio 
acid or from l-aminoanthraqiiinone and o- 
chlorobonzoio acid. The yieloa are better by 
the first method, but those by the latter process 
may be raised to over 90 p.o., especially if m 
place of o-chlorobenzoio^aoid, its methyl ester 
be used (Meister, Lucius, and Briining, D. R. P. 
246327 ; F. UUmann and P. Dooteon, Ber. 
1918, 61, 9). On condensing l-anilino-anthra- 
qumone-2'CaTboxylio acid a mixture of o- 
carboxyphenylamino-l-anthraquinone and 1- 
aoridineanthraquinone-2-carboxylic acid is ob- 
tained (Farbenf. vorm. J'r. Bayer & Co. D. R. P. 
262069). * 

The shades obtained with anthraquinone- 
acridone are but little altered when chlorine is 
introduced in position 4 of the cmthraquinone 
nucleus, but the amino- and p-toluidino deriva- 
tives dye blue and bluish-greon respectively 
(Meister, Lucius, and Briining, D. R. P. 243686). 
UUmann and UootsOn have also prepared de- 
rivatives substituted in the phenylene nucleus. 

The dicarboxylic acid obtained from anthra- 
niUc acid and 1 ; 6-dichloroantliraqmnone may 
be condensed by sulphuric acid to anthraquinone- 
1:2, 6 : 6-diacridone, which gives a deep blue 
vat and dyes bluish- violet shades (UUmann 
and Ochsner). J. H. 

ACRIFLAVINE v. Try'pafiavine^ui. Aorijjink 
Dyestuffs. 

ACRODEXTRINS v. Dextrins. 

ACROSE V . Carbohydrates. 

ACTINIUM Ac 230 or 226(?). A radio- 
active element, discovered by Debiorne in the 
precipitate produced by adding ammonia and 
ammonium sulphide to the filtrate from the 
dj/ckc^en sulphide precipitate obtained in the 
course of analysing pitchblende (Debieme, 
Compt. rend, K9, 693 ; 130, 906). In fraction- 
ating the rare earths thus obtained from pitcli- 
blonde by means of their double nitrates with 
magnesium nitrate, actinium accumulates in the 
more soluble portions, together with neodymium 
and samarium (Compt. rend. 139, 638). The 
predominating rare earth in pitchblende is 
thorium ; but actinium also occurs in uranium 
minerals containing no thorium (SzUdrd, Chem. 
Soo. Abstr. 1909, ii. 663). It is a constant con- 
stituent of uranium minerals, and is probably 
j^erived from uranium in a branch disintegration 
series. 

Actinium has not been isolated nor have its 
salts been obtained pure. It is similar in 
cHteBieal properties to the tervalent rare earth 
elements of the cerium group, and, of these, 
resembles lanthanum most closely, being more 
basic (A. von Welsbach, Sitzungsberichte K, 
Akad. Wiss, Wien, 1910, 119 [iia] 1 ; Monatsh. 
1910, 31, 1169). It is precipitated by oj^c 
acid, and by ammonia. In presence of ammo- 
nium salts the precipitation of actinium is 
inoomj^te, but it is completely precipitated in 
presence of mangsmese from basic solutions as 
a manganate. Actinium preparations are 
b^hly radioactive, imparting induced radio- 
activity to surrounding objects (Curio and 
Debieme, Compt rend. 131t 648) ; and, like 
radium, they spontaneously cive rise to helium 
(Debien^, Compt rend, m, 383); tfiey a^e 
not lummesoent.« Their aqueous solutioliB Mowly 
evolve hydrogen wad oxygen in the prefbortions 


necessary to form water. Actinium salts also 
evolve an emanation^ an inert gas haviim a 
molecular weight of approxim|,tely 230 (218 or 
222 ? ), according to dinusion experiments (De- 
bierne, Compt. rend. 136, 446, 767 ; 1-38, 411 ; 
Bruhat, Compt, rend. 148, 628 ; Russ, Phil. Mag. 
1909, [vi.] 17, 412 ; Marsden and Wood, PhS. 
Mag. 1913, [vi.] 26, 948), and condensing to a 
liquid at -120° to -160° (Kinoshita, Phil. 
Mag.^ 1908, [vi.J, 16, 121). 

The spontaneous decomposition of actinium 
ogives rise to seven successive products : radio 
actinium (Halm, Bcr. 39, 1605 ; Phil. Mag. 1907, 
[vi.] 13, 165), which is chemically non-separable 
from thorium, and which changes inte actinium 
X, a substance soluble in ammonia and non- 
separable from radium (A. Fleclc, Trans. Chem. 
Soo, 1913, 103, 381, and 1062) ; this transforms 
into actinium emanation, a short-lived gas of 
the argon family, from which actinium A, 
actinium B, actinium (J, and actinium D succes- 
sively arise (Hahn and Meitner, Chem Soc. 
Abstr. 1008, ii. 920) ; they constitute the induced 
active deposit. The discovery of actinium A, an 
excessively short-lived product, intermediate 
between the emanation and what previously 
had been termed actinium A , Jias led to a 
change of nomenclature, the products previously*^ 
termed actinium A, B, and C respectively, being 
now called actinium Bg, 0, D (Rutherford, 
Phil. Mag. lOir, fvi.j 22, 621). Actinium B is 
chemically non-separable from lead, actinium 
G from bismuth, and actinium D from thallium 
(Fleck, I . C .). Actinium itself is rayless ; aU the 
other products except actinium B and D emit 
a-particles ; and radio-actinium, actinium B, 
and actinium i) emit $■ rays (Hahn and Meitner, 
Chem. Soc. Abstr. 1908, ii. 1007 ; Geiger, Phil. 
Mag. 1911, [vi.] 22, 201 ; Geiger and Nuttal, 
Phil. Mag. 1912, [vi.J 24, 647). 

Actinium is identical with the substance 
cmanium, discovered by Giesel (t*. Giesel, Ber. 
35, 3608 ; 36, 342 ; 37, 1696, 3963 ; Debieme, 
Compt. rend. 139, 638 ; Ann. Phys. 1914 [ix.] 
2, 428 ; Hahn and Sacker, Ber. 38, 1943 ; cf. 
Marckwald, Ber. 38, 2264 ; Soddy, Chem. News, 
1913, 107, 97). 

It occupies the place in the Periodic Table 
between radium and thorium, and is chemically 
non-separable from mesothorium-2. Its parent, 

* eka- tantalum,’ has been separated from pitch- 
blende by distilling the latter in chlorine and 
carbon tetrachloricfe vapour at a low red-heat. 
It probably occupies the place in the Periodic 
Table between thorium and uranium, and gives 
actinidm in an a-ray change (Soddy and &an- 
ston, Proo. Roy. Soc. 1918. 94, A 384). 

Hahn and Meitner (PJhys. Zeits. 1918, 19, 
^08) independently have separated and studied 
more extensively the parent of actinium. TWifl 
substance |hey call ‘ prot-actinium,’ and regard 

a higher homologue of tantalum. It emits 
a-particles of 3-14 cm. range. Its half- value • 
period lies between 1200 and 180,0(X) years, 
The growth of actinium from this substance was 
observed; (1) by means of a-ray curves; (2) 
by daily measurement of actinium emanation 
extending over a month; (3b by the active 
deposit collected in increasing quantities on a 
negatively chamed ^te. The obse^tidna 
confirm Curie’s vdue for4he half- value period 
pfactinitmi. 
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ADALIN. Bromdiethylacetyl urea 
(C,H5)^BrCO-NHCO]SH3 

Used aa a hypnotic. 

ADAMAKTIBBSPAR v. Corundrum. 

ADAMITE, A mineral conaisting of hydrated 
basic zinc arsenate Zn 3 (As 04 ) 2 ‘Zn( 0 H)e, 
discovered by C. Friedel in 1866 as a few 
small, violet orthorhombic crystals on silver 
ores fromChanarcillo in Chile. Since then it has 
been found at a few other localities, particularly 
in the ancient zinc mines at Laurion in Greece. 
Here it occurs in some abundance as bright 
green (cupriferous) or yellowish crystals in 
cavities oi the cellular zinc ores. It has been 
prepared artificially in a crystalline condition. 

More recently the name adamite has been 
emxfioyed as a trade name for an artificial 
corundum manufactured for abrasive purposes. 

L. J. S. 

ADAMON. Trade name for dibromodi- 
hydrocinnamio acid bornyl ester, 

ADANSONIA DIGITATA (Linn.), the Badbah 
tree, yields a fibre which has been used in paper- 
makmg. Its bark (Gowik Chentz or Churee 
Chentz) is said by Duchaissaing to be a useful 
substitute for'* cinchona (Dymoc^, Pharm. J. 
L3] 7, 3). 

ADENASE V . Enzymes. 

ADENINE, Q-Aminopurine • 

N:C{NH2)’C*NH 
I II '^CH.3H,0 

CH:N C-N 

discovered in the pancreatic gland and spleen 
of the ox, occurs in all vegetable and animal 
tissues rich in cells (Kossel, Ber, 1885, 18, 79, 
1928 ; Zeitsch. physiol. Chem. 1886, 10, 248; 
Yoshimura and Kania, Zeitsch. physiol. Chem. 
1913, 88, 351 ; Mmuroto, J. Coll. Agric. Imn. 
Univers. Tokio, 1912, 5, 63 ; Smorodinzew, Zeitsch. 
physiol. Chem. 1912, 80, 218 ; ZlatarolT, Zeitsch. 
Nahr. Genus.sm. 1913, 26, 242 ; Bass, Arch. f. exp. 
Pathol, u. Pharmak. 76, 40-64 ; Winterstein, 
Landw Vers.-Stat. 79 and 80, 641-662 ; Chap- 
man, Chem. Soo. Trans. 1914, 106, 1903-1904) ; 
thus it has been extracted from tea leaves 
(Kossel, I.C.), from beet-juice (r. lippmann, Ber. 
1896, 29, 2646), from beet-sugar residues 
(Andrllk, Zeitsch. Zuckerind, Bohin. 1910, 34, 
667-669), 0*06 p.c. pure adenine obtained, from 
molasses (Stoltzenberg, Chem. Zentr. 1912, 
1516, from Zeitsch. ver dent. Zuckerind, 1912, 
318), from the young shoots of bamboo (Totani, 
Zeitsch. physi jl. Chem. 1909, 62, 113); from 
human excretory products (Kiiiger and Schitten- 
helm, 2Ieitsch. pnysi#l. Chem. 1902, 36, 169), 
and from herring brine (Isaac, Chem Zent«. 
1904, ii. 647 ; from Beitr. chem, physiol. Path. 
1904, 6, 600) ; it is probably one oi the degrada- 
tion products of nuclein (Schindler, Zeitsch. 
physiol. Chem. 1889, 13, 432), and is found in 
small quantity when nuclein is heated with 
dilute sulphuric acid (Kossel, Ber. 1886, 18, 
1928; Jones and Richards, J. Biol. Chem. 
1914,17,71; 1016,20,26-36). 

It has been obtained from rice polishings 
(Drtunmdnd and Funk, Bio>ohem. J. 1914, 8, 
698^0I^)> and, according to FupJc, is of distinct 
therapeutic value (Chsunir Punk, J. Physiol. 
1913, 45, 489; also J; Bicd, Chem. 1916, 26f 


431-466: and Harden and Zilva, Biooh^ J. 
1917, ii.^ 72). 

Adenine is isolated nom tea tatract after 
the removal of caffeine by precipitating the 
cuprous compound CjHjNgCuj by means of 
copper sulphate and sodium bisulphite,- and de- 
composing the precinitate with ammonium 
Bulpmde ; the crude Adenine is then isolated 
from the filtrate in the form of the nulphate. 
For the method of separating adenine from 
other purine bases compare ScWdler (Zeitsch. 
physiol. Chem. 1889, 13^ 432). For recovery of 
adenine from the picrat^ see Barnett and Jones 
(J. Biol. Chem. 1911, 9, 93-96). The i^th™ 
of adenine iias been effected* by reducii^ with 
hydriodic acid 2-amino-2 : 8-diohloropurine ob- 
tained by the action of aqueous ammonia on 
trichloropurine»(E. Fischer, Ber. 1897, 30, 2226 ; 
1898, 31, 104; Behringer and Sons, D. R. P. 
96927, 24/3, 97 ; Traube, Annalen, 1904, 331, 
04). 

Adenine crystallises from dilute aqueous 
solution in long rhombic needles that become 
anhydrous at 110°, and melt with decomposition 
when rapidly heated at 360°-366° (Fisohe^, Z.c.), 
and sublime in microscopic needles without 
decomposition at 220°. Adenine is sparingly 
soluble in cold (1 : 1086) and readily swuble in 
hot water (1 : 40) ; sparingly so in alcohol; in- 
soluble in ether or chloroform. It forms com- 
ounds with bases, acids, and salts ; with 
exose (Maiidel and Dunliam, Biochem. J. 1912, 
xi. 86), and gives mono- and dichloro-glucosides 
(Fischer and Helferich, Ber, 1914, 47, 210-236). 
Adenine J-glucoside has m.p. 210°-276° (decom- 
posed), [a]jj 19°-20° — 10'6° in water, 4-6*67® in 
Y/hydrochloric acid. The nitrate 
C 5 H,N 5 ,HN 034 H ,0 

is crystalline, and the dry salt dissolves in 
110*6 parts of water ; the hydrochloride 

C 5 H,N 3 ,HCl,iH 30 

forms transparent monochnic prisms a : 6 : 
2*0794; 1 : 1*8127, j8=61° 40' the anhydrous 
salt dissolves in 41*9 of water ; the chlor- 
acetate C 6 H 5 N 5 ,C 2 HaOaCl melts and decom- 
poses at 162°-103° ; the sulphate 

(C3H3N3)»,H380„2H,0, 
the ora/afe C 5 H 5 N 6 , CaHjO 4 , HjO, and dichromaie 
(C 5 H 5 N 5 ) 2 ,H 2 Cr 207 are cryst^line ; the picraie 
CjHgNE.CgHjNaOy is stable at 220°, and is s<J 
sparingly soluble in cold water ( 1 ; 3^) that it 
is used as a means of estimating ai^nine in 
solution (Ber. 1890, 23, 226) ; the addivioifof 
sodium picrate will precipitate adenine from 
exceedingly dilute solutions (1 : 13,000) (Bar- 
nett and Jones, J. Biol. Chem. l.c .) ; the pkrO" 
loimie C 5 H 6 N 5 ,CioH^ 05 N 4 crystalliBeB from 
water and melts at 266° (Levene, Bioohem. 
Zeitsch. 1907, 4, 320). The plaiinicUoride 
(C 6 H 5 NB) 2 ,HjPtCl 4 crystallises from dilute 
solution in needles, and yields the saU' 
C 5 H 5 N 5 ,HCl,PtCl 4 when a concentrated solu- 
tion is boiled. The acetyl derivative O 5 H 4 NSA 0 
does not melt at 260°, the ben^zoyl derivative 
C 6 H 4 N 5 BZ has m,p. 234°-236° (Kossel, Ber. 
1886; 3366). ^he meth^ and hemyl de- 

rivative have bee^ prepared (Thoiss, Zdtsoh, 
pjiysiol. Chem. 13,395). BromadenineO^U^fit 
IB stroi]{;ly basic, forms an insoluble ftenk^ 
and on oxidation with hydrool^pzio acid and 
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potassium chlorate yields alloxan, urea, and 
oxalic acid (Bruhns, Ber. 1890, 23, 226 ;*Kruger, 
Zeitsoh. physiol. Chem. 1892, 16, 329). Adenine 
is converted into hypoxanthine by the action 
oi nitrous acid (Kossel, Ber. 1886, 18, 1928). 
Adenine-d glucoside treated with excess of 
ijdtious acid yields hyooxanthine-d-glucoside, 
m.p. 246:, [a]20“ -34# in A/soda, +12*92® 
in A/hydrochloric acid (Fischer and Helferich, 
t.c.). 

Adenine-uracil- dinucleotide is obtained as 
an amorphous- powder loy the action of dilute 
ammonium hydroxide dn yeast-nucleic acid ; it 
has [a]j, — 0*8°, anti gives a crystaHine brucine 
salt Ci9Ha50i6N7P2,4C28H2604N2,14H20, m.p. 
174®-176® (decomp.). M. A. W. 

ADHESIVES, as distmguished»from cements, 
may be defined to be substances or preparations 
of a gummy or gelatinous character used for 
the purpose of joining together or effecting the 
mutual adhesion of the surfaces of bodies. They 
are usually substances wldch (1) soften in water, 
e.g. gum arable, isinglass, glue, &c. ; (2) gela- 
tinise in water or other menstruum, and harden 
eitlior by the evaporation of the solvent or its' 
absorption by the cohering surfaces’, e.g. liquid 
glue, gelatine dissolved in acetic acid, rubber 
or guttapercha in benzene, &o. ; or (3) which 
soften on heating and congeal on cooling, e.g. 
asphalt, marine glue, shellac, &c. The surfaces 
of the articles to be joined should bo perfectly 
clean ; they should be brought into intimate 
contact, and as little of tlie adhesive as possible 
employed. In certain cases perfect contact is 
ensured by heating the parts to be joined to a 
temperature such that the adhesive solidifies 
IShi^Vhen union is effected. 

Solutions of gum arabid, or of dextrin, or 
British gum, mixed with acetic acid, are fre- 
quently employed in the case of paper. Flour 
or starch mix^ with water containing a little 
alum so as to form a thick cream, which is 
then heated to boding, and when cold mixed 
with oil of cloves, thymol, phenol, or Salicylic 
acid BO as to preserve it, makes an effective 
adhesive. ,A transparent paste may be made 
by the use of rice starch instead of ordinary 
flour. Occasionally a small quantity of linseed 
oil or glycerol is abided in the case of labels 
iixposed to moisture. Or the labels may be 
firotected from damp by being coated with a 
mixture of 2 pts. shellac, 1 pt. borax, dissolved 
in- 16 pts. of boiling water. An alternative 
metn^ is to apply a coating of copal varnish. 

A strong adhesive may be made from 
shredded gelatine, swollen in water containing 
25 p.o. of glacial acetic acid and applied hot. 
The mixture should be k^t in a closely cor|fed 
phial, Another recipe : I^solve GO pts. borax 
, m 420 pts. water, add 480 pts. dextrm and 60 
pte. glucose, and heat carefully — ^not above 90® 
r-witn conirtant stirring until the whole is in 
aollitlon,’ replace the evaporated water and 
^Jfcer through flannel (Hiscox). 

\Srheat lour rich in proteins is mixed with 
concentrated sulphite liquors and evaporated to 
a BTutable oonsurtiency (EdliK^son). Flodr and 
molasses mixed to a stiff paste or stiff flow* paste 
sad (moentrated zinc onloride make {^perma- 
nent ,iSemeat. Bry casein mixed with^nalf its 
of borwfc and a sutQoienoy of Water makes 


an excellent adhesive for broken china or 
earthenware. Finely powdered casein 12 pts,, 
fresh slaked lime 60 pts., fineaand 60 pts., and 
enough water to make a thime mass makes a 
strong cement for ground unions standing a 
moderate heat. Milk casein dissolved in alkali 
and an alkaline silicate, such as water-glass, 
and mixed with a solution of magnesium or 
calcium chloride, also constitutes an effective 
adhesive. White of egg made into a paste 
with slaked lime used immediately after being 
made up is a very tough and tenacious adhesive. 
Linseed oil mixed with china clay, or lime, or 
red or white lead, or oxide of iron, to which 
powdered glass or graphite may tbe added 
adheres strongly when set. 

Metallic surfaces after having been rubbed 
with an alcoholic solution of hydrochloric acid 
may bo caused to adhere by means of a mixture 
of 10 pts. tragacanth mucilage, 10 pts. honey, 
and 1 pt. flour (Spon). 

A marine glue may be used by dissolving 
10 |)t8. caoutchoiio in 120 pts. benzene, and 
adding the solution to 20 pts. melted as- 
phaltum, the mixture being poured into moulds 
to consolidate. Jn order to use it the glue is 
soaked in boding water and heated over a flame 
until liquid. * 

As a leather cement : asphalt, 1 pt. ; rosin,' 
1 pt. ; gutta-p^clia, 4 pts. ; carbon disulphide, 
20 pts. A plain rubber cement is made by 
dissolving crude rubber in carbon disulphide or 
benzene. 

Good waterproofing cements are; (1) rosin, 

1 pt. ; wax, 1 pt. ; powdered stone, 2 pts. (2) 
Shellac, 6 pts. ; wax, 1 pt . ; turpentine, 1 pt. ; 
chalk, 8-10 pts. For a soft air-tight paste for 
ground glass surfaces : a mixture of equal 
parts of wax and vaseline. A solution of I pt, 
of powdered shellac in 10 pts. of ammonia 
water makes a strong cement for porcelain, 
glass, and metals (not copper). 

Plastic cements, as distinguished from 
adhesives of the foregoing nature, are used in 
chemical industry to secure joints and make 
connections of a more or less temporary character. 
Such are plaster of Paris used either alone or 
mixed with asbestos ; or when a high tempera- 
ture is not required, mixed with shavings, straw, 
hair, cloth, &c. Hydraulic cement used alone 
or mixed with asbestos or sand, is used as a lute ; 
it is especially resistant to acid vapours. Ordinary 
clay or fire clay mixed with linseed oil is often 
employed for steam- joints. A mixture of 
fire cl^y, 2 pts. ; sulphur, 1 pt. ; rosin, 1 pt., 
may be used for nitric and hydroohloric add 
vapours. Mixtures of (1) pitch, 8 pts. ; rosin, 
6 pts, ; wax, 1 pt. ; plafter, pt, ; or (2) 
pitch, 8 pts. ;■ rosin, 7 pts. ; sulphur, 2 pte, ; 
stone powder, 1 pt., may be used to unite date 
slabs and steneware for engineering and ohemioal 
purposes. See Lutes. , 

ADIQAN. A preparation of digitalis 
ADIPIC ACID md 

C02H*(CHa)4*002H. Obtained by the aotlott 4 
nitric acid on seoacio^aoid, or on tallow^ sa^ 
and other fatty bodies (Arppe, Z. 1966, 000; 
Laurent, Ann, Chim, Phya. {2] 66, 166 ; 
Bromeia, Annalen, 36, 106; Makguti, 

1879, 672), It M ptesent in beetdmee , 
mann, Ber. 1891, 3299), and may be obtain^ 
from Rnsdan petrokntm 1^ distllUxig the fraotimi 
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oontahiing naphthatene hydrocarbons (Aschan, 
Ber. 1899, 1769). It may be prepared by 
the reduction ^ mucio acid (Omm-Brown, 
Annalen, 126, 19), saoohario acid (de la Motte, 
Ber. 1879, 1672), tsosaoohario acid with hydriodic 
acid and phosphorus, or of muoonio acid with 
sodium amalgam (Marquardt, Ber. 1869, 3^) ; 
by heating jS-iodopropionio acid with silver 
(Wislioenus, Annalen, 149, 221) ; by the electro- 
lysis of the potassium salt of the monoethyl 
ester of succinic acid, whereby the diethyl ester 
of adipic acid is produced (Brown and Walker, 
Annalen, 261, 117) ; by oxidising cyclo-hexanone 
with potassium permanganate in the presence 
of sodiurt carbonate (Rosenlew, Ber. 1900, 
2202 ; Mannich and Hancu, Ber. 1908, 675). 

Adipic acid crystallises in inonoclmic lamina', 
melts at 149“, and 8ublime.s at a still liigher 
temperature (Wirz, Annalen, 104, 257). Cyclo- 
pentanone is produced when the calcium salt is 
distilled, and no anhydride is obtained by the 
distillation of the acid. It is slightly soluble 
in water at the ordinary temperature, and has 
a great tendency to form supersaturated solu- 
tions (Dieterle and Hell, Ber. 17, 2221) ; readily 
soluble in hot alcohol and ether. It forms salts 
with most metals which are generally soluble in 
water and crystal Usable. There are eight iso- 
merides of adipic acid, all of which have been 
prepared. • ^ 

ADIPOCERE (from adeps, lat ; and cera, 
wax). A peculiar waxy-loolung substance, first 
observed by Fourcroy in 1786, when the bodies 
were removed from the Cirnetihe des Innocent.-, 
at Paris. A large number of coffins had been 
piled together and had so remained for many 
years ; the corpses in many of these were con- 
verted into a saponaceous white substance. 
Fourcroy placed this substance, together with 
cholesterol and spermaceti, in a separate class 
termed by him ‘ Adipooere.’ Gregory (Annalen, 
1847, 61," 362), observed a similar substance in 
the case of a hog which had died of an illness, 
and had been buried on the slope of a mountain- 
side, The substance was completely soluble in 
alcohol, contained no glycerides, and consisted, 
according to Gregory, of abopt 26 p.c. of stearic 
acid, and about 76 p.c. of palmitic and oleic 
acids (these three acids form the chief consti- 
tuents of lard). The absence of lime was 
explained by Gregory as due to the solvent 
action of water saturated with carbonic acid, 
which continually ran over the carcase. Gregory 
fully i^gnised that the fatty acids had been 
fonned by the hydrolysis of the fat, water 
having washed away all the glycerol ’simul- 
taneously produced, and he clearly stated his 
view that from oorpsof of animals all nitrogenous 
and earthy constituents could be washed awaji, 
iat^ adds only remaining behind. Ebert 
(Ber, 8, 776) in tli« main con&ied these results 
in the exMnination of a specimen of adipooere. 
On sa^nifying with potash, about 1 p.c. 
ammoma escaped and an insoluble residue 
(nbout 6 p.c.), consisting of lime, Ac., from 
tUsmes, remained. A mixture of potassium 
s^ta was obtained, which by fractional pre- 
capitation with ma^esium acetate* yielded 
;iB^nly wdmitiiO aokL The last fraction, not 
.pedptedde by miwttesium estate, but by 
Isid aoeiate, gelded a hydroxylated acid, the 
Icpsmda of which is givwi as OitHgiO,. This 


acid, termed by Ebeft hydroi^ymiuwt^ 
melts at»80®, and is most likely 1 : lu bydr^- 
steorio acid <a the rndting-jpoint 81 . Th# 
ooourrence of this acid in the aoipoeere examined 
by Ebert is very likely, as he could not detect 
any oleic acid ; it wo^d thus that in 

the course of time the oleic acid had been 
oxidised to 1 : 10 hjfnroxysteario acid. The 
hard waxy character of adipooere is maii^ 
due to ' the presence of hydroxysteario acid. 
Schmelok (Chem. Zeit. 1902, 11) found in the 
examination of three specimens of adipooere 
the following results : — ^ 

Melting-point . . . 62 ’6“ C. 

InsoUhble fatty acids * 83 84 p.c. 

Ash 1-7 p.c. 

(containing 83 '6 p.c. CaO) 


UnsapoHifiable matter 16*7 p.c. 
Acid value .... 197 

Neutralisation value of 
the fatty acids . . 203 

Iodine value ... 14 


Tarugi (Gazz. chim. ital. 34, ii. 469) also 
states that adipooere consists chiefly of palmitic 
acid. 

According^ to Ruttan (Trans. Roy. Soc. 
Canada, 1917' [iii.] 10, 169) the two isomeric 
monohydroxysi^aric acids derived from oleic 
acid are invariably present, and the disappear- 
ance of oleic acid marks the final change m the 
formation of mature adipooere { cf . Ruttan and 
Marshall, Proc. Amer. 8oc. Biol. Chem. 1915). 

The formation of adipooere from animal 
matter liad been studied oy Kratter in glow 
vessels flllod with water. Kratter’s opinion that 
adipoccro originates from the albuminoids must, 
however, be rejected as erroneous, for theB|yggJ|^ 
be no doubt but t^at the free fatty aciosaro 
formed by the hydrolysis of the body fat. 
All the decomposition products of the albumi- 
noids and the glycerol would be washed away, 
and the fatty acids would naturally form with 
the lime of the bones, lime soap, which may or 
may not be further hydrolys^ by water, to 
free acid and lime, according to the conditions 
obtaining in the decomposition of the body. 
Bacterial and enzymic actions play a quite 
secondary part in the production of aoijooere. 

ADLUMINE Ca^H^iOijN, crystals, m.p. 188®, 
occurs in oirrhona (Rann.) yfith adlimi- 

dine , CjoHjjOjN, plates, m.p. 234°, protopine, 
and /3-homoohelidonine (Schlotterbeok and 
Watkins, Ph. Ar. 1903, 6, 17). ' » 

ADONIDIN. A digitalis-like gluooside sftld 
to be extracted from the root of Adonia vemoMfi 
or false hellebore, v. Digitalis. 

ADONITOL. See Carbohydbatxs. 

^DORIN, Trade name for a mixture of 
some powder (infusorial earth, starch, Ac.) with 
paraformaldehyde. Used as a wound drossinfft 

ADRENALINE. Adren<dinvm B.P., BpSi- , 
Tphrine, Suprarenin 

0,H8(OH),-CH(OH)*CH,-NH*CH* 

The U.S.P. has dried suprarenal gland, 
nalum aiccum^ but not the aoHve 
A ' chromogen,’ ooWnred green by ferric chloride 
and roge-red by iodine, was discovered in the 
suprarei^ medulla by Vulpian (Compt. rend. 
1S56, 43* 663), but the remarkedsle rise (Mlood 
pressure caused by intravenous injeetids of 
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■a|)fmTe»si4 gland extracts was not obberved 
Unyi 189i (Oliver and Schafer, Jk Physftl. 1894, 
10, i.). Aitdr numerous attempts the active 
principjle, which turned out to be also the 
ohromogen, was first obtained crystalline by 
Takamine (Eng. Pat. 1467, 1901 ; J. Soo. Chem. 
Ind. 20, 740), and alni^st simultaneously by 
Aldrich (Amer. J. Physiol. 1901, 6, 467). The 
constitution was next established, mainly by 
Pauly (Ber. 1903, 36, 2944 ; 1904, 37, 1388) 
and by Jowett (Trans. Chem. Soo. 1904, 86, 
192). The racemic substance was synthesised 
by Stolz (Ber. 1904, SJ, 4149 ; and D. R. P. 
162814, 167300 of Farbw. Meistor, Lucius und 
Briining ; c/. also^Dakin, Proc. R(ty. Soc., B. 
1906, 76, 491). As the racemic substance was 
found to have little more than half the activity 
of the natural licvo-variety, its resolution was 
effected by Flacher (Zeitsch. physiol. Chem. 1908, 
68, 681 ; and D. R. P. 222461 of Farbw. Meister, 
Lucius und Briining). The synthetic Z-base 
thus obtained is identical with the natural active 
principle, and is known commercially as supra- 
renin. 

The name epinephriM was first applied by 
Abel to IV^-benzoyl adrenaline, but l^ter to the 
active substance itself, and it is under this name 
that the substance is referred to in the U.S.P., 
for instance. The objection to adrenaline is tliat 
it ifl a trade name ; close on thirty other trade 
names have been in use for the substance. 

Preparation of natural substance. — The minced 
glands (generally of oxen) are extracted with 
acidulated water at 90°-100'’ ; the extract is 
evaporated to a small bulk, it may then be 

C ^led with neutral lead acetate, and it is 
y precipitated with several volumes of 
methyl alcohol. The alcoholic filtrate, 
after concentration to a siffall bulk, is precipi- 
tated with excess of concentrated ammonia, when 
the adrenaline crystallises in sphaerites on 
standing. Oxidation must be guarded against 
as far as possible, by boiling with zinc dust, or 
by extracting with water containing sulphur 
dioxide ; the evaporation is conductedf in 
vacuo in a carbon dioxide atmosphere and the 
precipitation by ammonia takes place under a 
foyer of petrol (Takamine, he. ; Aldrich, he. ; 
von ]^rth, Monatsh. 1903, 24, 261). Abel 
(Ber. 1903, 30, 1839) extracts at once with a 
p,o. alcoholic solution of trichloracetic acid, 
which eliminates further purification, and seems 
to give a good yield, Bertrand (^BuU. Soc. ohim. 
lOSif [iii.]31, 1289) extracts with 96 p.o. alcohol 
cdftbaming oxalic acid, evaporates, shakes with 
petrol, and purifies with lead acetate. 

The oru^ sandy adrenaline contains inor- 
ganic matter, and may be purified by solution 
m acid and repreoipitation, but better by 
ntilising the solubility of the oxalate in alconol ; 
the crude base is ground up with a 15 p.o. 
t solution of oxalic acid in 85-90 p.o. alcohol, 
which leaves inorganic impurities behind (Abel, 
Pai^), 

aynJhhues , — Catechol is condensed with mono- 
ohloracetic acid, by means of phosphorus 
oxychloride, and the resulting ohloraoetooatechol 
(8 : 4:dihydioxy-w-chloraoetniphenone) 

(OHlaOeHa-COt^HjCl 

is sUifended in fdoohol (60 o.o. for 10^ grams, 
.m^the ketone!,* 200 p.c. of a 40 p.o. aqueous 


methylamine solution are added ; on standing 
methylaminoaoeto catechol 

(OH)aCaH^CO-OHj*MHCH, 

' separates out, and is washed with water, alcohol, 
and ether. The ketone is then reduced to the 
secondary alcohol by aluminium amalgam, or 
electrolytically. For the resolution the bitar- 
trate is extracted with methyl alcohol; d- 
adrenaline-d-tartrate dissolves and Z-adrenaUne- 
d- tartrate remains behind. The d-adrenaline so 
obtained is also utilised, for it may be raoemised 
by heating with dilute hydrochloric acid, and 
converted into the crystalline racemic hydro- 
chloride (D. R. P. 220356), which can ^hen again 
be resolved. 

The synthesis from chloracetocatechol appears 
to be the only one of practical importance, but 
various others have been described. The 
methylene other of adrenaline was synthesised 
by Barger and Jowett (Trans. Chem. Soc. 1906, 
87, 907) from piporonal, but could not be 
hydrolysed to adrenaline, and other attempts in 
this direction were also unsuccessful (c/. Pauly 
and Neukam, Bor. 1908, 41, 4161 ; Barger, 
Trans. Chem. Soc. 1C08, 93, 2081 ; Bottoher, 
Ber. 1909, 42, 253 ; Pauly, ibid. 1909, 42, 484 ; 
Mannich, Arch. Pharm. 1910, 248, 127 ; D. R. P. » 
209609, 209610, 212206). Another adrenaline 
synthesis referred to in ^he patent literature, 
consists in nfethylating the primary base 
corresponding to adrenaline, namely 3 : 4-di- 
hydroxyphenylethanolamine. This substance, 
known commercially as arierenoly may be 
obtained (a) by the reduction of amino-aceto- 
catechol (D. R. P. 166632) ; and (6) by the 
reduction of the cyanhydrin of protocatechuic- 
aidehyde with sodium amalgam (D. R. P. 
193634). 7’he latter reaction may be repre- 
sented thus : 


(OH),CflH3-CH(OH)CN+4H 

=;OR) 30 eH,*CH(OH)’CH,NH 2 
Amino-acetocatechol may be produced (a) 
from chloracetocatechol (above) ; (6) from 

piperonal or methyl vanillin, n‘a w-nitroaceto- 
catechol, which is reduced (D. R. P. 196814) thus ; 


(OH)aC8H3CO'CHa*NOa+6H 

=(OH)aCeH,'CO-CHa-NH| 
(c) by hydrolysis of the condensation products 
of veratrole with hippuryl chloride (D. R. P. 
186598 and 189483) 


(MeOaCeHj-OO-CHa-NH'CO-CeHs 

^ (OH).C.Ha-CO-CH,-NH, 


or by* hydrolysis of the similarly constituted 
phthalimido-acetoveratrole (D. R. P. 209962 
and 216640). The last-mentioned four patontt 
are of Farbenfabriken vorm. F. BayOT & Oo., 
all the others of Farbw. vorm. Mei^r, Luoius 
und Briinfog (c/. Friedlander, viii. 1181-1190; 
ix. 1024-1033). The most recent synthesis is ft 
modification of some earlier ones. 

Diacetylprotocateohuio aldehyde I, on con- 
densation with nitromethane in feebly alkaline 
aqueous solution yields j8-hydr^-j8-3 : 4-dl* 
aoetoxyphenylnitroethane (II.). Wnen this is 
mixed with the calculated quantiW^of formalde- 
hyde and reduced by zmo ana aoetio acid, 
j8-hydroxy-j8-3 : ^-diacetoxyphenyl ethyl methyl- 
amine (III.) is formed, from which adrenal^ 
is obtained on removal of the acetyl groups ' 
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CH(0H)CH2NHMe 

(III.) 

N. Nagai, Jap. Pats. 32440, 32441, 1918). 

Properties. — Natural adrenaline, when pure, 
'onns colourless sphaero-crystals, m.p. 211® 
J12®, fajjj —53° ; the solubility in water at 20® 
8 0'0268 p.c., and it is also very slight in most 
irganic solvents. Racemic adrenaline decom- 
Doses at 230®. Adrenaline dissolves in the 
lalculated quantity of mineral acids, or even in 
ilightly less ; it also dissolves in caustic alkalis, 
rts chief chemical characteristic is the ease 
ivith which it undergoes oxidation (^ee colour 
reactions, below). Solutions with a slight excess 
Df acid are the moat stable ; traces of iron 
iccelerate oxidation (Gunn and Harrison, 
Pharm. J. 1908, [ivj, 26, 613). 

The salts of the op^^cally active adrenalines 
3ire mostly amorphous and" deliq uescent ; the 
l»orafe is said to be more stable (D, R. P. 167317). 
The chief crystalline salt is the UtariraU em- 
ployed in the resolution of the racemic base. 
The latter yields a crystalline hydrochloride^ 
!n.p. 167° (l). R. P. 202169), and a crystalline 
milate ; the corresponding optically active 
lalts are amorphous. 

Colour reactions. Colorimetric estimation . — 
There arc three kinds of colour reactions for 
adrenaline; (1) the general catechol reaction 
«rith ferric chloride (limit of green coloration 
I ; 30,000) ; (2) the iihosphotungstic reaction of 
Polin, Cannon and Denis (Joum. biol. Chem. 
1913, 13, 477 ; cf. Folin and Denis, ibid. 1912, 
12, 239), in which the reagent gives a highly 
coloured blue reduction product ; (3) a reaction 
with a considerable number of mild oxidising 
reagents, in which the adrenaline is converted 
into apparently one and the same rose-red 
[ijudation product. For the colorimetric estima- 
tion of pure adrenaline solutions the reaction of 
Polin, Cannon and Denis is the most suitable, 
ind agrees closely with physiological measure- 
nentt (Seidell, Joum. biol. Chem. 1913, 15, 
197 ; Johannessohn, Biochem. Zeitschr. 4916, 
76, 377). The reagent employed is the same 
as for the estimation of uric acid, but adrenaline 

three times as seni^tive (Johannessohn gives 
tihe ratio 2-98). 100 grams sodium tungstate 
).r6 dissolved in 760 c.o. of water, and a^r adding 
30 O.O. of 86 p.c. (syrupy) phosphoric acid, the 
solution is boiled genUy for 1^-2 hours, and 
then made up to 1 litre ; mg. adrenaline 

3an be detected ; limit 1 ; 3,000,000. The blue 
colour soon fade?. Uric acid solutions are used 
IS stwdards. 

For the esUmation of adrenaline in extracts 
)f the gland which are always more or less 
in colour, the phosphotungstate reagent 
is less suitable (Seidell, i.c.), and*lt is unsuitable 
lor mixtures of adrenaline with cocaine, novo- 


Ac., because the latter bikes am pre- 
cipitated 4)y the reagent (Johannessohn, tc.). 
In those oases a reaction of the third type seems 
preferable (S). Seidell shakes 10 ac, of gland 
extracts containing 1 ; 60,000 sdrenaJine, for 
one hour with 6 ’ mg, of powdered manganese 
dioxide, filters, and majones the ooloiu: with 
that of standards, prepared by mixing, in 
various proportions, a solution of 2 grauM 
CoClj'CHgO-fl 0 . 0 . concentrated hydroonlorio 
acid in 100 o.c. water, with an auric chloride 
solution containing 0*1 ^am AuClg in 100 c.o. 
water. These mixtures^ are standardised by 
comparison with a 1 : 10d,000 solution of pure 
adrenaline, raixed with an exii:aot of desiccated 
thyroid gland (which has the same yellow colour 
as a suprarenal extract). 

For mixtui^B containing cocaine, &o., 
Johannessohn employs the Frankel-Allers re- 
action (Biochem, Zeitsch. 1909, 18, 40), which 
consists in adding an equal volume of 0*001 
.V-potassium Z)j-ioaate and a few drops of phos- 
phoric acid, and heating nearly to the boiling- 
point ; a red colour is obtained with adrenaline 
up to 1 : 100,000 or 1 : 300,000. Other oxidismg 
reagents giving a red colour are aurio chloride 
(Gautier, Compt. rend, Soc. de Biol. 1912, 73, 
564 ; very delicate), potassium persulpKate 
(Ewins, J. Physiol. 1910, 40, 317 ; 1 : 6,000,000). 
iodine, mercuric chloride, potassium ferri- 
cyanide, bromine, bleaching powder, osmic acid. 
For a detailed criticism of the quantitative 
application of these reagents, see Borberg 
(iSkand, Arch. Physiol. 1912, 27, 341), also Bayer 
(Biochem. Zeitsch. 1909, 20, 178) for means 
of making them more sensitive but less specific. 

Physiological methods of estimating adrena- 
line are more reliable", and may be more accji^tgmi 
than the colorimetric^ ones. The blood pressure 
of a cat, with brain and spinal cord destroyed, 
and without anasthetic, reacts, according to 
Elliott (J. Physiol. 1912, 44, 374), ‘with 
mechanical accuracy,’ and permits of the 
estimation of the adrenaline content of a 
cat’s supra-renal with an error of 0*01 mg. 
(3-4 p.c. of the total amount present). Mode- 
rately accurate results may also be obtained 
with frogs (Lawen, Arch. exp. Path. Pharm. 
1904, 61, 416; Trendelenburg, ibid. 1910, 63, 
161). 

Fresh bullock’s supra-renals may contain up 
to 0*26 p.c. adrenaline ; the desiccated gland 
(U.S.P.), corresponding to 6 pts. of the fresh 
gland, may contain about 1*6 p.c. A fresh 
bullock’s gland dissected free from fat weighs 
about 10-12 grams. The actual yield in manu- 
facture often does not exceed 0*1 p.o. from 
bullock’s glands ; sheep, and espeoi^y hogs, 
contain less. The dried secretion of the parotid 
glaild of Bujo agua, a Central American tOB4» 
contains as much as 6 p.c. of adrenaline (Abel 
and Macht, J. Pharm. exp. Ther. 1912, 3, 319). 

The mo^t important physiohgkcil adim of 
adrenaline is that on the arterioles, causing 
constriction and rise of blood pressure. Intra- 
venously minute doses (0*0003 mg. per kilo 
in rabbits) produce a distinct effect. Applied 
to a m.ucouB surfa^, it causes marked local 
viSo-constriction ^d blanching ; on this 
property depends ittf chief use os a hsemosfcatio 
m surpr^. It is often used mixed with f^ocal 
,ansBstoet]e like cocaine. M(Mt oommercfal 
1 
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solutions and the adnnnlini h^ro* 

chhficu$ of the B.P. contain 0*1 p.o. Odrenc^e 
dissolved in ^ slight excess of acid {e.g. one-half 
eq^nivalent) whl^ renders them more stable 
than solid tablets (according to Johanncssohn, 
1.6. ; Gunn and Harrison, lx.). Chloroform 
(B.P.) or other preserv^ve may be added, and 
salt to make the solution^otonlc with the blood. 
For sterilisation by heat, see Rowe (Amer. J. 
Pharm. 1914, 86, 146), Adrenaline has been 
recommended (in oral doses of 6-6 mg. per 
24 hours) for sea-sickjjess (Revue Scientifique, 
1917). The physiological activity of (/-adrena- 
line is about ^ of wiat of /-adrenaline {e.g. 
Cushny, J. Physidl. 1909, 38, 269^ Titfeneau, 
Compt. rend. 1915, 161, 36), and hence the 
racemic base is slightly more than half as active 
as the natural variety, « 

Adrennline Substitutes. — Numerous amines 
have an action more or less resemljlmg that of 
adrenaline (Barger and Dale, J. Physiol. 1910, 
41, 19). Three, all closely related to adrenaline 
in structure, have been recommended as sub- 
stitutes, but have not found wide application. 
Racemic ‘ artorenol,’ 3 : 4-dihydroxyphenyl- 
ethanolamine (OH)aC„H8 CH{()H) CH 2 .NHj {see 
above), m.p. 191° (hydrochloride, m.p. 141°), is 
said to be about half as active as f^adrenalme. 
Homorenon, w-ethylamino-3 ; 4 diliydroxyaoeto- 
phenone (OH)aC«H 3 *CO CH 2 NH (^oH, ‘has a 
crystalline hydrochloride, m.p. 260°, and a 
very much weaker action than adrenaline 
Eftnim, 3 : 4-dihvdroxyphenylethylmethyl- 
amine (OHlaCeHa-CH^a CHj-NH CHa, m.p. 188°- 
189° (Pymari, Trans. Chem. Soc. 1910, 97, 272), 
is intermediate in action between the two former 
bases, (For Tyramine, see article on Ergot.) 

a more detailed account of the chemical 
and physiological properties of adrenaline, nee 
Barger, The Simpler Natural Bases, Longmans, 
1914, pp. 81-105. U. B. 

ADRENCAINE. See Eudremne, 

ADSORiraiON V . Colloids. 

ADUROL. Trade name for a haloid sub- 
stitution product of hydroquinono, used as a 
photographic developer. 

a£i^TED or MINERAL WATERS. 

Origi^Uy the term ‘ mineral water ’ was psed 
to describe natural spring waters containing 
small quantities of various salts in solution, and 
fssquently saturated with carbon dioxide, 
hympogen sulphide, or other gases. When these 
waters were first imitated by the artificial intro- 
(^otiou of carbon dioxide into dilute saline 
liqui.^» w®re known as ‘ agrated waters,* 
to distinguish them from the natural products. 
At the poesent time the two terms are employed 
indiscriminately, and as a rule the whole of the 
products of the manufacturer of aerated waters 
itfe pjpularly known as ‘ mineral waters.’ 

Haiural Mineral Waters. In every quartei 
«f the globe natural spring waters containing 
salts w^ medicinal properties are common, 
though fashion has maue some more celebrated 
thSfU others, ^ Some of these waters {e.g. Honyadi 
tJaiifios} oontain magnesium and sodium sulphate, 
and nave an aperient action, whilst others con- 
taining iron (e:g. Tunbrid^ Wells water) are 
valued as tonics. Others, again, like th^ waters 
of Harrogate, oontain sodium sulphide (J)-02 p.c.), 
and ae^medies in vanous c^plaints. 
most^ widely consumed natural mineral ' 


waters are tnose wnicn contain only a smau 
proportion of salts and a large amount of carbon 
dioxide. I^pioal exemplcA qf these are Apol- % 
linaris water, Seltere^ water, and St. Gaulmier 
(French). 

The table of analyses (p. 60) show the chief 
constituents of typical natural mineral waters. 

Small quantities of many other compounds 
are also present in all these waters, but the 
figures given above represent their main con- 
stituents.. The composition of all natural 
mineral waters varies from time to time, but ’ 
they preserve their general characteristics. 

Artificial Mineral Waters. Special mixtures 
of salts approximately correspond iifg in com-' 
position to those in many of the well-khotm 
medicinal waters are now sold, with directions 
for preparing solutions, which, when aSrated, 
shall produce passable imitations of the natural 
products. 

Among the purely artificial mineral waters • 
mention must be made of seltzer water, which is 
prepared somewhat upon the lines of the natural 
Selters water, and contains sodium carbonate, 
chloride, and sulphate, and sometimes oaloium 
and magnesium cliloridos, the proportion of these 
ingredients being varied to suit the popular taste 
of the district. It is bottled at a pressure of * 
about 120 lbs., corresponding to about 46-66 lbs. 
in the bottle, m • 

Other medicinal artificial mineral waters 
include soda-water, potash- water, lithia- water, 
and magnesia- water. Soda-water was an official 
drug in the London Pharmacopoeia of 1836, but 
was not introduced into the British Pharma- 
copcTuia until 1867. In the present Pharma- 
copoeia (1898) it is omitted, together with the 
other alkaline waters. There is thus now no 
standard for soda-water, and since the old 
standard of 30 grains of sodium bicarbonate to 
the pint is sometimes found too alkaline to be * 
palatable, a large proportion of the soda water . 
upon the market contains much less than the 
old specified proportion of alkali. 

Methods of A&rating , — The process of im- 
pregnating water with carbon dioxide under 
pressure dates back to the middle of the 18th 
century, one of the earliest inventors of appa- 
ratus for the purpose being the Duke de Ohallons 
in France. In this country the artificial 
‘ aeration * of water was suggested by Bewley 
in 1767, and in 1772 Priestley constructed an 
apparatus somewhat on the principle of the 
modern Kipps* gas generator. A similar ap- 
paratus was devised about the same time by 
Bergman, and was extensively used throughout 
Sweden. 

The earliest prooesscii of bottling a&rated 
waters made use of what is known as the * 

‘ Geneva ’ or semi-continuous process, in whfch 
the oarbem dioxide, after being generated from 
chalk and acid, was forced under pressure with 
water into a cylinder, whence it could be drawn " 
off into the bottles. This process, which is stifi - 
employed in modified forms, is useful when a 
rolatively small amount of liquid is to hie iliii-' , 
pregnated, but has the drawbacks of re<|hinng 
the work to be interrupted to recharge the 
cylinder, and of bottling ihe liquid at lower 
pressures than«are often required. .HeUoe k ^ 
most mineral -watw factories the ’ 

process is employed. Although numerous pat^ts^ , ^ 
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a connecti(m with aerating machinery have 
leen taken out, the type of machine which 
riginated with Bramah is still the one in 
eneral use. 

In Bramah’s continuous process the gas is 
enerated in a leaden or lead-lined generator 
pom sulphuric acid and a carbonate, and passes 
ito a gasometer consisting of an inverted copper 
ell in a tank of water, ’^^ence, after expanding, 
i is pumped, simultaneously with^ater, into a 


condenser or globe, where the water is finely 
divided and saturated with the gM under a 
pressure indicated upon a gauge. Trom thi.s it 
passes into the bottling part of the machine, 
where each bottle, placed by hand in position, 
receives a nieagured quantity of oohoentrated 
sodium carbonate solution or of sweetened syrup 
and is filled up with the water charged with 
the gas. 

A ‘blow-off’ valve is provided so that the 



Plan of a Soda-water Manufactory. 


A. Main water supply from well or waterworks. J., 

B. Water reserve. • 

0. Filter. 

D. Pipe and branches Bupplying Altered water to syrup M. 

bollet, solution tankaand soda-water machine. 

E. Steam-cased pan*f or boiling syrups . . 

FFP. Mixing and cooling pans for syrups. 0. 

GOG. Felt filtering bags, through which syrup is 

passed. • p. 

HHH. Tank In compartments for storing filtered Q. 

. syrups. li. 

in. Syrup Junctions and pipes supplying syrup pumps S. 

at bottling machines. T. 

JJJ . Bottling machines U. 

K. Solution pan fe eding soda-water machine with V. 
ulther plain water from filter C, or soda or other X. 
solution from tank L. 


Soda-water solution tank for mixing mineral waters 
which require no syrup. Wlien using this timk 
the tap M is closed. 

Tap to shut off plain filtered water when bottling 


non-saccharine beverages. 

Soda-water machine. 

Ooifcenser containing aerated water, to which pipes 
leading to bottling machines are attached. 
Whiting bin. 

Wldting shoot to generator. 

Vitriol cistern. 

Gasometer. 

Generator. 

Blow-back prevention acid box. 

Steam engine. 

Steam pipe to syrup boiler and bottle- washing 
apparatus. 


you i—y. 
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air may be oompletely expelled from the bottle, 
aad in some ty|>e8 ol maonlnea there kre means 
for returning the excess of gas to the gasometer, 
though this is not altogether advantageous. 

Arrangement of Apparatus . — The general mode 
of arranging the aerating apparatus in the fac- 
tory is shown in the ac^mpanying figure (p. 61). 
The generator, t, is frequently replaced 
by cylinders of liquefied carbon dioxide, which 
are connected with the gasometer. The soda- 
water machine, properly so called, has one or 
two pumps for forcir^ the gas and the w'ater 
into the condenser, o.^the latter being made of 
gun -metal with a lining of pure tin, and capable 
of withstanding a pressure throe qr four times 
in excess of any normally employed. In small 
installations a gas-engine usually takes the place 
of a steam-engine. ^ 

Carbon Dioxide Supply . — The general use of 
liquefied carbon dioxide instead of that giuieratecl 
from acid and calcium carbonate is the chief im- 
provement on the original method of bottling. 
The new method is less expensive, more con- 
venient, and obviates the difficulty attending 
the older process of disposing of the residue 
of calcium sulphate from the generator. . 

Liquefied carbon dioxide collected from the 
fermenting tuns in breweries is sometimes em- 
ployed, but in the writer’s experience gas from 
this source not infrcqutml/ly contains traces of 
volatile impurities, which impart an unpleasant 
flavour to soda-water. 

Pressures for A'erating. — Soda-w'ater and 
similar unsweetened mineral waters are usuaUy 
bottled at a pressure of 100-120 Ib.H. to the 
square inch in bottles, and of 160 lbs. m siphons, 
vmilst for lemonade and the like a pressure of 
lbs. is employed. In the case of goods 
Tnwnded for export a ^uch lower pressure 
(usually 40-50 lbs.) is generally considered suffi- 
cient. The figures here given are those indicated 
upon the pressure gauge of the machine, the 
actual pressure in the closed bottle being very 
much less. Thus experiments made by the 
writer have shown that the pressure within 
bottlea of soda water bottled at a machine 
pressure of 100-120 lbs. does not exceed 46-65 
iSb, An excess of pressure above a certain 
limit does not result in the liquid containing 
more gas. 

louring the last few years automatic bottling 
machines have been introduced into all the 
leading factories. 

The principle upon which these machines is 
Abased is that of charging an upper cylinder with 
. the carbonated liqmd, and filling the bottles 
' automatically in turn, after creating a counter- 
pressure. Under these conditions the liquid 
flows quietly into the bottles, and there is no 
imav(^able loss of gas or syrup, through having 
to remove the air by ‘ sniftme. 

■fThe bottles are brought beneath the filling 
cylinder on a rotating platform, and each in 
tmn fits tightly into a belt-mouth, while a 
valve, is provided for the escape of the air 
expeiied ny the carbon dioxide. This air 
ccnieotB above the liquid in the feeding cylinder, 
until, when a certain pressure is reached, it is 
auiomatioallv discharged llirough a valve at 
the top, Alter filling, the* hot tics are cemoved 
by hand* and either corked by hangi or by 
maobisciy, witli^ut any materia! loss ofipressure. 

t 


The larger sizes of machines arc capable of 
filling from 100 to 140 dozen bottles per hour, 
and the saving in gas, as conquered witn the old 
type of filling machines, is about 25 p.o. 

Low-pressure BoliUng . — ^Machines for auto 
matically filling the bottles at a low pressure are 
also largely used in mineral water factories, and 
have the advantage of speed over machines in 
which the filling is effected by the action of 
counter- pressure. 

An automatic machine of this type is shown 
below. As the machine revolves the empty 



Hayward-Tylbb & Co.’s Power Thistle 
Filling Machine. 


A, Fast and looso pulleys for driving machine; B, 
Bottle rests on which bottles are placed for 
filling; C, Bottle rest levers; D, Cam, which 
operates bottle rest levers ; E, Boilers on valve 
handles ; F, Cam for opening valves: G, Release 
valves to let air out of chambers , H, Tappet for 
opening release valves; I, Air chambers; J, 
Regulating handles for air chamhers. * 

bottles are successively inserted in the space 
above the blocks b, which are depressed in turn 
by the action of the lever o, and are held in 
osition, with an air -tight fbint round the mouths, 
y means of a spring. The aerated water enters 
the bottles from air-chambers in a spiral stream, 
leaving a djjace in the centre, through which the 
air escapes, and passing through a small hole 
in the mouth-piece, is compressed in a chamber, 
until it is released by the removal iA tha bottle 
from the maoliine. When- the revolution is com- 
plete each bottle is removed by hand, and corked 
or stoppered without material loss of pressure. 

By the use of either this system or the 
counter-pressure system there is no ^te ol 
gas or liquid, etnd the bottles are more perfectly 
^charged with carbon diotide at a pressure of 
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75«80 lb«. than was possible on the older types 
of machines, in whion a pressure of 120 lbs. or 
over was comnmnly used, and the air was 
expelled from each bottle by means of a 
‘ enifting ’ valve controlled by hand. 

An essential of good bottling is that all air 
should be expelled from the bottle, since other- 
wise, air being only dightly soluble as compared 
ulth carbon dioxide, the liquid will rush with 
almost explosive violence from the bottle, when 
opened, but will become flat almost immediately. 
On the other hand, a liquid properly saturated 
with carbon dioxide and free from air will 
continue to emit minute bubbles of gas for at 
least five jpinutes after it leaves the bottle. 

Pressure Gauges . — The mode of measuring 
the pressure of the gas vanes in different 
countries. Thus in England and the United 
States the zero mark on the dial of the pressure 
gauge indicates atmospheric pressure, and the 
succeeding figures represent the number of lbs. 
in excess of that pressure. In Germany the dial 
is graduated in atmospheric pressures in excess 
of the normal pressure, which is represented by 
zero ; whereas in France, which adopts the same 
mode of expression, the figure 1 represents the 
normal pressure, and the figure 2 corresponds 
to 1 on the German scale and to 16 lbs. on the 
British and American scales, and so on. 

Sweetened Aerated D^nks. — Lemonade, ginger 
ale, and similar sweetened ‘ rain^al waters ’ are 
prepared in the same way as soda water. A 
thick syrup is made from sugar and saccharin 
and water, and this is acidified with citric or 
tartaric acid and flavoured with an essential 
oil, which is conveniently added in the form of 
an alcoholic solution termed a ‘soluble es.sence.’ 

The syrups are filtered through the filter bags 
shown at c, c, c, in the diagram, into their 
respective tanks, h, h, h, whence they are 
drawn off into the bottling machine. The use 
of saccharin to replace part of the sugar in the 
syrups is almost universal in this country. It 
has the advantages of reducing the cost and of 
acting as a preservative, whilst its disadvantages 
are its cloying taste, which prevents its bemg 
used in more than a certain proportion, and the 
want of fulness on the palate of syrups containing 
it. The latter drawback is sometimes remedied 
by the addition of glucose syrup. 

Methods of detecting and identif^g sac- 
charin are described by Boucher and Boungno, 
Bull. Soc. Chim. Belg. 1903, 17, 126 ; Analyst, 
1903, 28, 241 ; von Maler, Farmaz. J. 1904, 
1089; Analyst. 1904, 29, 374; VUliors, Ann. 
Chim. Anal. 19t34, 9, 418 ; Analyst, 190S, 30, 
21 ; Chace, J. Amer. Chem. Soo. 1904, 26, 1627 ; 
Jorgensen, Analyst, 1909, 34, 160. 

Addfft'on of Saponfn . — The popular demand 
For a liquid which shall retain a frothy head fol 
some time after it has left the bottle has led 
to the manufacturers frequently Adding an 
extract of quillaia bark or other preparation of 
saponin, sola under the name of ‘foam heading,’ 
Such an addition is more necessary in 
liquids containing saccharin than in all-sugar 
beverages, which froth more with the carbon 
dioxide According to the results of experi- 
ments made by Lohmann (Zoitsch. offentl. Chem. 
1903, 9, 320; Analyst, 1903, 28, 361), saponin 
hi^ no injurious physiological effects. On the 
Ckther hand, according to Bourcet and Cheva* 


her (Fharm. J. 1906, 70. 691) oommeroial 
saponin /lontains neutral saponins of a toxic 
nature. , 

For the detection of saponin, see Brunner 
(Zeit. Untersuch. Nahr. Genussm. 1902, 6, U97), 
and Riihle {ibid. 1908, 16, 166 ; J. Chem. Soo. 
Ind. 1908, 27, 964), Rosenthaler (Zeit. Untersuch. 
Nahr. Genussm. 1913, #26, 164), and Campos 
(Ann. Chim. anal. 1914, 19, 289). 

Fermenied Beverages . — ^The products of the 
mineral water factory include one or two 
beverages in wliich the aeration is the result of 
a limited fermentation. * 

Ginger beer, which i» the type of this class, 
is prepared by adding sugar^and citric acid to 
a dilute infusion of ginger root, infecting the 
liquid with a small quantity of a suitable yeast, 
bottling it, and allowing the bottles to stand 
at a proper temperature until suflieient fer- 
mentation has taken place. 

As a rule the fermented liquid contains less 
than 1 p.c. of absolute alcohol, but occa- 
sionally in very hot weather the fermentatio'* 
may proceed much further, and the ginger bee 
may then contain as much as 6 or 6 p.o. o 
alcohol. The pressure in the bottle of ginge 
beer when ready for consumption averages ahou 
16 lbs. to the square inen, but in oases c 
abnormal fermentation it may reach 100 lbs. o 
more, and burst the bottle. 

Occasionally objectionable flavours are pre 
duced by infection of the liquid with wild yeast 
or bacteria, just as in the case of ordinar 
beer. 

Other drinks of this description are hore 
hound beer and other herb beers. Certain nor 
alcoholic ales on the market are prepared b' 
partial fermentation of an infusion of rad 
and hops, which is then used as a syrup, 
bottled with aerated water as iq the case o 
lemonade. 

Stoppers of Bottles . — ^The screw stopper c 
vulcanite or stoneware with a rubber ring t 
effect a tight joint is now universally employed 
for the glass ball-stopper (which had much t 
recommend it) has falleii^nto popular disfavoui 
and is now rarely met with, except in out-of-the 
way districts. 

The chief objection to the rubber-clad steppe 
is that impurities of various kinds may loag 
beneath the rubber, and unless strict clean 
linesa is observed, may contaminate the con 
tents of the next bottle into which it is intro 
duced. 

The Crown corking system has in reoetn 
ears come into general favour for olotrinj 
ottles of mineral water. 

A cap of tinned steel or aluminium, with i 
corrugated edge, is pressed down by a maohin 
int^ a special ridge on the neck of the bottk 
while a disc of prepared sterilised cork covered 
with parchment paper, which is fitted into th 
cap, makes an air-tight joint. 

It is essential that the bottles should be o 
an exact pattern, since the slightest variatioi 
from the standard may lead to faulty botUin] 
and consequent loss of gas. 

Bacteriological Conditions , — It was former! 
believed' that sterilisation was effeoted by 
aerating* a liquid with carbon dioxide under a 
high preipure. In 1908, however, bacterioacopio 
examina^ona were made, at tie inatifa^m of 
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tlie medical officer for the City of London, of a 
large number of bottles of soda-wateip, and it 
was found that about 26 p.c. could be regarded 
as pure, and over 33 p.c. as impure, the remainder 
betuff ‘ fairly pure ’ or ‘ not pure. ’ In some 
of the worst samples the numbers of micro- 
organisms per 1 c.o. 20® were uncountable, 
and some yielded sedinittit from 60 c.c., which 
when cultivated at 37®, gave innumerable 
colonies. 

As the result of this investigation a meeting 
of representative mineral water manufacturers 
was held, and^it was dwided to adopt stringent 
measures to g"uard aga'lnst bacterial contamina- 
tion. 

In addition to the obvious precautions of 
having a pure water supply and observing clean- 
liness in every stage of the manufacture, it was 
agreed to discard all wooden tanks and vessels 
(except for preliminary soaking to remove labels 
from old bottles), to rinse the bottles with 
water of assured purity immediately before 
filling, and to use for this purpose a metal jet 
of sufficient force. Wherever practicable, rubber 
rings were to be removed from the stoppers, or, 
failing that, were to be immersed in a solution 
of calcium bisulphite, and afterwards rinsed with 
pure water. The plant was also to be inspected 
by a competent authority. 

There is no doubt that the adoption of such 
precautions has had the result of raising the 
standard of purity of soda-water throughout the 
country. 

In considering the bacteriological aspect of 
the question, several points suggest themselves. 
Thus an unfavourable bacterioscopic examina- 
tion of one or two samples taken ca.sualJy does 
Whlfet’iocessarily imply faulty manufacture, for 
it may be the result of accidental contamination 
of the stopper by the hands of the worker— 
against which there is no complete safeguard. 

Absolute sterility of the contents of the 
bottle should not be demanded, and it is un- 
reasonable to require a greater degree of purity 
than that of the average water supply of London. 
Given a sufficient degree of purity of the original 
water, which is essential, efficient inspection 
of the factory at irregular intervals is a better 
protection tnan an occasional bacterioscopic 
examination. When sucli examinations arc 
made periodically, they should be made under 
comparable conditions, t.c. at the same intervals 
after bottling; otherwise the product of the 
cleaner process may show the worse results. 

Standards are notoriously difficult to fix, 
but making allowance for the various chances 
of contamination, an average sample of soda 
water, examined one day after bottling, should 
not yield more than 100 organisms per 1 c.c. at 
20*, or contain sufficient B. coli to be dis- 
coverable in 10 0 . 0 . 

Preservatives in Mineral Waters . — The pre- 
jMffvatives most likely to be met with in un- 
sweetened mineral waters are sulphites and 
bisulphites, solutions of which are frequently 
used, as in breweries, for cleansing the plant. 

A small proportion of salicylic acid is often 
employed to prevent fernjentation in.tho so- 
oimed * fruit syrups * and other sweetened 
articles, which might otheiVise ferment and be 
the B)^bjeot of |in excise prosecution <for con- 
taining alcohol. • 


PemheaMwns occurring in Mineral Walere.’^ 
Excessive fermentation of ^ger beer is not 
uncommon in very hot weathw, and the writer 
has met with samples oontaining as much as 
6 p.c. of absolute alcohol. 

Occasionally acetic or lactic fermentation 
may take place, and spoil a batch of goods, but 
this seldom happens when thorough cleanliness 
is observed. 

A troublesome form of fermentation, commonly 
termed the ‘ mucoid fermentation,’ results in 
the conversion of the contents of the bottle into 
a thick ropy gelatinous mass. This may be 
caused by several micro-organisms, such as 
B. gelcUinosum betce or B. viscosus aa^Jiari, and 
IS more liable to occur when beet sugar is used 
for the synip than when cane sugar is used. 
When it occurs in an isolated bottle, insufficient 
cleansing is a chief factor in its production. 

Metallic Impurities . — Mineral waters not in- 
frequently contain traces of metallic impurities, 
especially iron, tin, and lead, derived from the 
materials used or from some part of the plant. 

Iron in soda-water is objectionable from the 
fact that, when the beverage is added to a 
light-coloured liquid, such as whiskey, con- 
taining a trace of tannin, an unpleasant dark 
colouration is produced. 

'rraocs of tin find their way into mineral 
waters through the actign of acid syrups upon 
the tin piping fading to the botthng machines, 
whilst lead may be derived from solder on the 
pipes. No such soldering should be permitted, 
and thorough flushing of tin piping with water 
night and morning effectually prevents con- 
tamination with tin. A still better safeguard, 
which has been adopted by some factories, is 
to replace the tin pipe by glass tubes with 
rubber connections. 

Alloys of lead or antimony with tin are more 
soluble in seltzer water than either metal 
separately {see Barille, Compt. rend. 1911, 163, 
351). 

A still more common source of lead is the 
citric or tartaric acid, in which it is frequently 
present as a manufacturing impurity. 

Copper is not a common impurity, and. when 
present, is usually due to accidental contact of 
the acid syrup with the metal. 

Arsenic may be derived from glucose used 
in the preparation of the sjTups, or from the 
use of preparations of phosphoric acid instead 
of citric or tartaric acid for acidifying the syrups. 

It has been asserted that mineral wat^ 
take up traces of antimony from the rubber 
rings of the stopper (whion contain a large 
proportion of antimony sulphide). Experiments 
made by the writer, however, have shown that 
^ven a boiling 5 p.c. solution of hydrochloric 
acid does not dissolve any antimony from red 
rubber, apd that there is thus no risk of mineral 
waters being contaminated in this way. 

(For the detection of traces of metallio im- 
purities in mineral waters, see Budden and 
1 lardy (Detection of Lead, Tin, Copper, and 
Iron), Analyst, 1894, 10, 160; Tatlook and 
Thomson (l^ad in Oitrio and Tartaric Add), 
Analyst, 1908, 33, 178 ; Lander and Winter 
(Poisonous Metals), Amdyst, 1908, 33, 460; 
Report of Conjoint Committee on Arsenic Deter- 
mination, Anirayst, 1902, 27, 48; Report of 
, Royal Commission (Arsenic), Analyst, 1904, 29, 
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60 ; Thorpo (Eleotrolytio Determination of 
Arwnio), Analyst, 1903, 28, 349) ; Curtman 
and Mosher (tin)? J. Amer. Chem Soc. 1913, 36, 
367). C. A. M. 

ffiROUO. (Verdigris (?) or hydrated basic 
carbonate of copper.) The name given by the 
Romans to the green rust produced on copper 
and bronze bv the united action of the oxygen 
water and carbon dioxide of the air. It was con- 
sidered by them to enhance the beauty of their 
bronze statues. The same rust forms on brass, 
which was, however, not used by the Romans. 

iSSCHYNITE. A rare-earth mineral from 
Miask in ^he Ilmen Mountains, southern Urals, 
described by Berzelius in 1828, and named 
from atcrx^vrif shame, in allusion to the fact 
that at that time no moans of separating 
titanium and columbium was known to onemists. 
It is a titano-columbate (and thorate) of cerium- 
metals, calcium, and iron, and the composition 
can be expressed as a combination of a meta- 
columbate (Ca,Fe)Cb208 with a titanate (and 
thorate) Ceg(Ti,Th)40ii. The mineral forms 
oithorhombic crystals of prismatic habit. It 
is blaok or brownish, with a pitchy lustre, and 
conohoidal fracture ; sp.gr. 4*9-6' 17 ; hardness, 
6-6. The crystals are found with red felspar, 
biotite, and zircon in nepheline-syenite at 
Miask, Urals. The mineral from Hittero, 
Norway, referred to this spedfes by W. C. 
Brogger in 1879, has since been named blom- 
strandine {q.v.). L. J. S. 

^CULETIN, ^SCULIN v. Gluoosides and 
Hoesb Chestnut. 

AETHUSA CYNAPIUM (Linn.). ‘ Fool’s 
parsley ’ or the ‘ lesser hemlock,’ a poisonous 
umbelliferous herb. When dried and extracted 
with alcohol, yields on distillation a small 
quantity of an essential oil, and the residue 
contains a resin, a crystalline hydrocarbon 
ventatriacontane (m.p. 74'’) and a crystal- 

line alcohol (m.p. 140“-14U : fa]j,= -36'7°) 
either isomeric with phytosterol C36H4,0, 
or a lower homologue ; d^mannitol, together 
with a small quantity of a volatile aUaloid 
resembling conine, to which the alleged poisonous 
character of the herb may be due (Power and 
Tutin, J. Soc. Chem. Ind. 1906, 938). 

AFFINITY, CHEMICAL v. Chemicai. 
AirriNiTY. 

AFRICAN ELEMI v. Oleg -RESINS. 

AFRICAN GREEN or EMERALD GREEN r. 

Pigments. 

AFRICAN INCENSE r. Oleo -RESINS. 

AFRICAN MARIGOLD. Tageies fatula. 
Quereetagetin was isolated from the flowers of 
the African m&ngold^Tageies patukif by Latour 
and Magnier de la Source (Bull. Soc. ohim. 1877, 
[ii.J 28, 337), who state that it also occurs in 
other varieties of the same plant. Inatppearance 
and general properties it is described as resem- 
bling quercetin, the colouring matter of quer- 
mtron bark, and from this fact, together with 
its or^in, l^e name quereetagetin is evidently 
deriveo. On the other hand, according to 
these authors, its crystalhne form, solubility 
in 60 p.o. alcohol, and the numbers obtained on 
analysis, indicated that it was distinct from 
^^[Ufiroetin C,7H,oOi|, and it wqp considered to 
the formula C17H21O14 (anhydrous) or 
(air-driedj. A preliminary re* 
examination of this oolouring matter was made 


by Perkin in 1902 (Chem. Soo. Proo. 18, 76), 
and it has more recently been studied in greater 
detail by the same author (Chem, Soo. Trans. 
1913, 103, 209). To isolate the oolouring 
matter, which is largely present in the flowers 
as glucoside, a concentmted alcoholic extract is 
^uted with water which precipitates a viscous 
impurity, and this is removed by means of 
ether. The clear liquid treated when boiling 
with addition of a little hydrochloric acid 
deposits after cooling b^t a small bulk of the 
colouring matter, and repeated extraction of 
the solution with ethe^ is necessary for its 
economical# isolation. The (♦ude product thus 
obtained can bo crystallised from dilute alcohol, 
but for complete purification it is necessary to 
prepare the acetyl derivative, and after re- 
orystallisation to hydrolyse this in the usual 
manner. 

Quereetagetin CisHioOa, or as crystallised 
from dilute alcohol C, 5H joOf„2Hj,0, forms pale 
yellow glistening needlc.s or leaflets resembling 
quercetin in appearance and melts at about 
318®. Very dilute alkali dissolves it with a 
pure yellow colour, which by air oxidation 
becomes olive, and finally deep brown, but 
these changes are not so marked \^en a stronger 
alkali (10 p.c.) is employed. Alcoholic ferrio t 
chloride produces an olive-green colouration, 
whereas cold alcoholic lead acetate forms an 
orango-red precipitate which on keeping becomes 
yellower and finally develops a green tint. On 
fusion with alkali proiocatechuie acid is obtained, 
together with a phenolic product which, how- 
ever, quickly oxidises, and has not yet been 
identified. 

Quereetagetin readily yields oxonium 
with mineral acids, •and of those the sulphate 
C,6 Hh> 0 b,H 2S04, fine orange- col«ured needles, 
has been described. 

Monopotassium quereetagetin Ci6H90gK sepa- 
rates as an orange-yellow semi-crystalline 
precipitate when potassium acetate is added to 
a solution of queroetagSliin in absolute alcohol. 

By acetylation aedylquercetageiin 


colourless needles, melting at209°-21l®, is pro- 
duced and on alkylation employing alkyl iodide 
quereetagetin penlamdhyl ether CjgHgOj^OCHg)^, 
pale yellow needles, m.p. 161®-102®, and g^crce- 
tagetin hexamethyl ether C|5H402(0CHj)g, colour- 
less needles, m.p. 157°- 158°, can be prepared. 
Aeetylquercetagetin pentamethyl ether • 

C,gH 40 ,( 0 CH.)gC 2 H, 0 , 
melts I6r-163°. 

Quereetagetin hexaethy ether CuH402(0Et)9 
m.D. 139°-14l°, yields oxonium salts with 
mineral acids in the presence of acetic acid, 
the sulphate separating in orange needles, 
whereas the crystals of the hydrochloride 
possesses a somewhat more yellow colour. This 
oehaviour is analogous to that of quercetin 
pentamethyl ether (Watson, Chem. Soc. Proo. 
1911, 27, 163). 

When hydrolysed with aloohoUo potassium 
hydroxide (^uercetaigetin hexaethyl ether gives 
protocatQehuw acid^dieih^ ether and jMerce- 
tagetol tetraethyl eth^ which crystal- 

lisM in prismatic needles, 46^-48^ The 

latter ;^elds the oxime C/i9H|,0«N# m.p. 
and when oxidised ^th alkalins 
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MrmAnganate quercetagetinic acid^ mJp. 100°- 
102 ®, is produood. 

The produotioii of quereefcagetol diethyl ether 
to which the constitution (1) is assigned, and 
protocateohuic acid diethyl ether (2) 

(1) CBH(OEt)3-,[|Q__^y 

(2) COaH*CeH,(OEt), 


from quercetagetin hexaethyl ether, indicate 
that quercetagetin. is a pentahydroxyflavonol 
isomeric with myricetin and gossypotm. Simi- 
larly to this latter colouring matter it appears 
to contain a tebraiydroxybenzone nucleus, and 
it is suggested that its constitution may bo 
represented by one of the two following formula^ . 


OH 




>OH 


HO 


j I 

HO 



Quercetagetin readily dyes mordanted fabrics 
shades of a generally similar character to those 
given by other well-known flavonol colouring 
matters. 

Chromium. Aluminium. Tin. 

Dull oUve-yellow. follow-orange. Brown. 

Iron. 

Brownish-black. 

b 

A trace oLa more sparingly soluble colouring 
matter is present in ino flowers and represents 
about 1 p.c. of the crude quercetagetin referred 
to above. It crystallises from alcohol in some- 
what indefinite groups of minute needles and 
dissolves in alksdine solutions with an orange 
colour passing to green on dilution with water. 
Though similar in appearance to rhamnetm 
(quercetin monomethyl ether) it does not contain 
a methoxy group. 

Dyeing Froperiiea of the Flower . — Employmg 
moiSanted woollen cloth, the following shades 
are produced : — 

Chromium. Aluminium. Tin. 

Jellowish- Pale dull Deep yellow- 

brown. yellow. orange. 

Iron. 

Brownish -black. 


These possess a somewhat redder character than 
those given by quercitron bajk, and arc sinlllar 
tpi though not so red as those from patent 
balk. As quercetagetin mainly occurs in the 
flowers as glucoside, their tinctorial effect is 
evidently due to this latter. A. G. P. 

AFRIDOL* Trade name for the sodium salt 
of hydroxymercury-o-toluio acid. 

AGAUrrB. A name used in the paper-making 
trade for a fibrous variety •?£ the mmeral talc, 
a hydrated magnesium silicate, 

It is white with a tinge of green, and is readily 
|raduo#d to short, fine fibres. It is obtained 
tdmOst ezolusiy^y from the district near 
Gonyerfleur, h. St. Lawrence Co., New York, 


about 70,000 tons, ralued at $10 per ton, 
being produced annually, prq^otically all of it 
being used in the American paper trade. It 
gives weight and body, and produces a fine gloss 
on the surface of the paper. L. J. S. 

AGALMATOUTE, or Pagodite, A soft stone 
much used in the East, especially in China, for 
carving small statues and figures, as signified 
by these names. At least three mineral species 
appear to be included under these terms, viz. 
pyrophyllitc, steatite, and pinite ; but it is to 
the compact forms of the first of these that they 
are perhaps more generally applied. In addition 
to their compact nature and low e degree of 
hardness, they have in common a greasy or 
soapy feel : in colour they are white, greyish, 
greenish, yellowish, &c., often with mottling. 
IVrophyllite is a hydrated aluminium silicate, 
HjAlgSEOu; steatite, a hydrated magnesium 
silicate, H2Mg 3Si40i2 ; and pmite is an alteration - 
product consisting largely of a finely scaly 
muscovite-mica, a hydrated potassium alu- 
minium siheate, H2KAl2Si30i2. Besides being 
employed as material for carving, these minerals 
are used for slate-pencils (‘pencil-stone’) and 
for tailor’s chalk (‘ French chalk ’). 

Extensive beds of compact pyrophyllite are 
quarried in the Deep River region in North 
Carolina, the ^material i^eing mainly used for 
makmg slate-pencils. At Fukuye, in Goto 
Island, in the south of Japan, a compact mineral 
allied to pyrophyllite is mined under the name of 
‘ roseki ’ (meaning ‘ greasy stone ’ in Japanese) ; 
it is crushed, washed, and prepared very much 
like china-clay, and the product used for making 
fire-bricks, and to a smaller extent in the manu- 
facture of porcelain and paper. This material 
contains 81O2 53-58, AlaOj 32-36, HgO J>*c- 

AGAR-AGAR. Bengal Isinglass. Dried sea- 
weed obtained from Singapore and other places. 
It is obtained from various red algfc, including 
Gelidium corneum, 0. cartilagmeum, Eucheuma 
spinosum, and Gracilaria lichcnoidcgf which grow 
along the coasts of Eastern Asia and Malaya. 
The cell- walls of those seaweeds, when placed in 
boiling water, change into jelly. 

It occurs in small transparent strips or as 
a powder, and dissolves almost entirely in water 
to a gelatinous, tasteless, and inodorous jelly. 
It is widely used as a nutritive medium for 
the cultivation of bacteria and funci. Analysis 
of fifteen samples of agar from wiaely different 
souices gave the following results : moisture, 
14'57*-17-84 (average 16-67) ; protein (iVx6-26), 
1-63-3-26 (2-34); nitrogen-free extract, 72*72- 
78*21 (76*15) ; ether extmot, 0-17-0-46 (0*30) ; 
a-udo fibre, 0*39-1-50 (0*80); ash, 3-08-6-68 
(3*85) ; and silica, 0-31-1 ’ll (average 0*68) p.c. 
A specially purified commercial agar for bacterio- 
logical purposes contained : moisture, 6*72 ; 
protein, 1*14; nitrogen-free extract, 89^26; 
ether extract, 0*32 ; crude fibre, 0*^ ; aedi, 
3*12 ; silica, 0*29 p.c. I^h ash or nHoa ooa- 
tent is indicative of an inferior product. An 
aqueous solution of agar is acid to phenol- 
phthalein. A purified agar for use in bacterio- 
logical work where a gdatinisipg agent con- 
taining a miniip nm of nutrients is desired, may 
be prepared by wash^ agar idireds in a dflote 
eolation of aoeliiio aoid, washing out tho aoid, 
dissolving the agaf to a 5 solution* and 
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pouring tho hot aolution slowly into a largo tinous Bj]ica. Agato-liko structures haTU also 
volume of 95 p.c. alcohol or acetone. The pro- been produced by Lios^ang by ^e diffusion 
cipitated agar coiftains considerably less nitrogen of one saline solution into another in a gelatinous 
than the original material. Part at least of medium (R. E. Lie egang, Geologische Diffu* 
the nitrogen compounds present in agar is eionen, Dresden and Leipzig, 1913 ; Die Achate, 
available os nutriment for micro-orgamsms. Dresden and Leipzig, 1916). 

The setting power of aqueous solutions of agar Many trivial varieties of agate are distin- 
is not destroyed by acid or alkali between the guished, depending on the patterns presented 
limiting concentrations of 4'5 p.c. fJCl and by the several layers of the stone. For example, 
6 p.c. NaOH ; but if the solution be heated for fortification-agate, eye agate, ring-agate, riband- 
fifteen minutes under a pressure of I atmosphere, agate, brecciated- agate, &c. Onyx is an 
the range of concentrations within which solidi- inij)ortant variety, diflorliig simply in that the 
fication occurs is reduced to from 2 p.c. LlCl to layers are plane, thus snabling cameos to be 
4’6 p.o. NaOH. The gelatinising power is engraved in relief in one layer jvith a background 
increased oy addition of peptone and slightly in another (fitterently coloured layer. A typical 
diminished by potassium chloride (Fellers, j. onyx with alternately white and black layers is 
Ind. Eng. Chem. 1916, 8, 1128; J. Soc. Chem. however, of rare occurrence in nature, and has 
Ind. 1917, 36, 43). See also Aiaj/E and (Jums. usually been prtiduced by artificial colouring, as 
AGAROBILLA. The soed-pods of Cce^alpina explained below. In carnelian-onyx the layers 
‘brevifrlia (l^aUl ), used in dyeing and tanning. are red and white, and in sardonyx brown and 
AGATE. A native form of silica consisting whit»‘. Moss-agates, mocha-stones, dendrites, 
mainly of chalcedony (^^.?’.) and showing a more (tc., are chalcedonies with enclosures of various 
•or less concentric arrangement of dilTcrently kinds, 

coloured layers or bands. The layers differ not The artificial colouring of banded chalcedony, 
only in colour, but also in translucency, porosity, or the intensification of the coloration of agates, 
ant^ crystalline structure. Some layers show for the produotion of ornamental objects was 
the minutely fibrous structure of typical clialce- probably known to the ancient Romans, and 
•deny, others are more dense and cryptoerystal- was practised by the Italian cameo-workers of 
line, while some may consist of crystalhne the Middle Ages. The art was for a time lost, 
quartz, or again of opflino silicat Some of the and again came into use at Idar in Germany 
layers containing larger amounts of impurities about the year 1820, whore it has been much 
and colourinj^ matter may bo more of the developed and extensively used. Indeed, praoti- 
character of jasper, as in the agate-jaspers or cally all the fashioned and polished stones now 
jasp-agatea. The material has been deposited placed on the market have been artificially 
layer upon layer from solution in a colloidal treated. 

form, and subsequently solidified in a partly A black colour is obtained by soaking the 
crystallised condition. The deposition has well-dried stones for some weeks in a worm 
taken place as a lining in rock cavities, proceeding dilute aolution of sug^pr or honey, or in oliveml, 
inwaros from the margins of the cavity. In and, after washing, immersing in warm 

the majority of cases the containing rock is a sulphuric acid. The organic matter absorbed 
volcanicrookof basic composition (i.c, containing by the more porous layers of the stone is thus 
no free primary quartz) ; the commonest home carbonised. In case the black colouration is too 
of the agate being the steam cavities of basaltic intense it may bo softened by the action of 
rocks. The movement of th(^ molten lava has nitr'c acid. A rich brown colour has recently 

caused ihe steam cavities, originally spherical, been produced in sonte translucent stones, 

to be drawn out into almond shapes in the giving them somewhat the appearance of garnet, 
direction of the flow. These almond-shaped, or by soaking them in brown sugar-candy and then 
araygdaloidal, cavities may subseq uently become ignitin ’. A red colour is produced by saturating 
lillM with secondary mineral matter of various the stone with a solution of an iron salt and 
kinds, derived from the primary minerals of the igniting. A yellow tint inclining to lemon-yellow, 
rock by the action of the hot vapours and is imparted by digesting the stones in warm 
solutions which are always present in igneous hydrochloric acid. Blue, ranging from tho 
magmas. Such secondary minerals — calcite and deepest indigo to delicate sky-blue, is produced 
vanous zeolites — which are commonly associated by soaking the stones first in a solution of ferrowi 
with agates, hav^e probably been formed»while sulphate and afterwards in a solution of potas- 

the rock was still hot. The exact conditions of sium ferrooyanide. Such a colour, and also 

deposition and mode of formation of agates lemon-yellow, is, however, unknown amongst 
have, however, givei^riso to much discussion, naturally coloured agates. The blue coloured 
With the weathering of such an amygdaloidkl stoaes have often been passed off as lapis-lazuli, 
rook the agate-amygdales, being more resistant, but they are readily distinguished from this by 
are set free, and may be easily sepdftated from their greater degree of translucency and ha^a- 
the clayey matrix, or they are washed away and ness, and the absence of specks of iron-pyrites, 
broken up in streams and rivers. Oreen colours, resembling that of the natural 

The artificial deposition of pjlatinous silica chrysoprase, have been produced by the use of 
in forms closely resembling those of certain salts of chromium and mokel. Finally, various 
agates has been effected by J. PAnson and E. A. fancy and quite unnatural colours have been 
Fankhurst (Mineralogical Magazine, 1882, v. produced by sim^ dyeing the stones with 
p, 34). A strong acid is introduced by means of aniline dyes ; the^ colours fade on exposure 
a pip^te into a solution of an alkaline silicate to lightf and finally* disappear. On the mstory 
pontainmg a certain proportitm of alkaline of colouring agates, see Noggerath, Die jCunsu, 
wbonate ; the bubbles of oatbon dioxide set Onyxe . . zu fllrl^n, Karste&'s Arohiv; 1848, 
;fr^e become coated as they ascend with gala- xxii. 262 ; and on the methods |iow in usS ai 
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Idar, 0. Dreher, Das Farben des Achats, 
Idar, 1013. 

The agate-cutting industry has long been 
centred at Idar ana Oborstoin on the Nahe, 
a tributary of the Rhine, and originally the 
stones were obtained locallv from the amygda- 
loidal melaphyre of th^ Galgenberg. But since 
1827 enormous quantities have been imported 
from Uruguay and the neighbouring Brazilian 
state of Rio Grande do Sul. In India, agates 
and other varieties of chalcedony are abundant 
in the trap rooks oh the Deccan plateau, and 
have long been worked by the native lapidaries. 
The welf known ’ Scotch pebbles ’ are prettily 
coloured agates f/om Forfarshire, Perthshire, &c. 
Many localities in America and Australia might 
also be cited. 

Besides being used for a ^reat variety of 
small ornamental objects, agate finds technical 
applications in the construction of pestles and 
mortars, burnishers for gold- workers and book- 
binders, smooth stones for pajicr and card 
manufacturers, rollers for ribbon makcis, and 
pivot supports for balances, magnetic needles, &c. 
It may oe remarked, however, tJiat an ‘ agate 
mortar ’ need not necessarily show the’ coloured 
banding of a true agate, but may just as well 
be cut from an unhanded chalcedony. 

On the agate industry, see G. Lange, Die 
Holbedelstoine . . . und die Gesehichte der 
Aohatindustrie (Kreuznach, 1808) ; Upmanii, 
Beit. z. Gesch. d. Graftsch. Oberstein (Mainz, 
1872). On Scotch agates, see Guido to the 
(Collection of Scottish Agates, Royal Scottisli 
Museum (Edinburgh, 1800) ; M. F. Meddle, 
The Mineralogy of Scotland (Edinburgh, 1901). 
On agate in general, see M, Bauer, Edelstein- 
••■>^SBflde, 2nd edit. (Leipzig, 1000), and Engl, 
transl.. Precious Stones,'’ by L. J. Spencer 
.(London, 1004) ; R. Brauns, transl, by L. J. 
Spencer, The Mineral Kingdom (Esslingen, 1912). 

L. J. S. 

AGAVE. An amaryllidaceous genus including 
several species, the leaves of which provide 
useful fibres. ‘ Pite,’ or ‘ pita hemp,’ mainly 
produced in Mexico, is obtained from A. amen- 
cana (Linn.) and A. mcxicana (Lam.). It is 
also obtained from several other American 
species of Agave. ‘ Sisal hemp ’ is derived from 
(Mill.), which grows in Mexico, Central 
America, and the West Indies. 

AGAVOSE. An inactive sugar Ci2H2aOii, 
reducing alkaline copper tartrate, and yielding 
^ leevogyrat-e sugar on inversion; found in 
Agave americana (Linn.), grown in Mexico. The 
young flo\yer heads are used in tiio preparation 
of a fermented intoxicating drink termed 
‘ pulque ’ (Michaud and Tristan, J. Amer. Clicm. 
Boo. 14, 648). According to Stone and I^tz, 
J. Amer. Chem. Soc. 17, 368, this sugar is 
•aooharose. 

AGMATINE v. Ergot. 

AGHIN or A(3N0LIN. Syn. for Adeps lance, 
or purified wool fat. 

AGOBIUN. Trade name for a mixture of 
ftrbnMam oholate and salicylate with diacetyl- 
phdnoiphthalein. 

AQONIADA BARK. Tho bark of Plumiera 
hmifdUa (Muell.), used in. Brazil as % remedy 
fm mtetnalttent fever, contains a bitte^ cirstal- 
Jine gftttcoside, a/goniadin (Peckolt, Arclj. Pharm. 
[2] 142, 40, 1870), identical with the plumicruk 


of Boorsma and Merck, obtained from Plumiera 
acutifoUa (Poir.) ; it is probably the methyl ester 
of pUmieridie acid, and hat the composition 
CjiHaeOia (c/. Franohiraont, Reo. trav. chim. 
1898, 18, 334 ; Proo. K. Akad. Wetensch. 
Amsterdam, 1900, 3, 35). 

AGROPYRUM (B.P.) or TRITICUM. The 
di'ied rhizome of Agropyron repens (Beauv.). 

AGROSTEMMA SAPOTOXIN u. Glucosides. 

AGURIN. Trade name for on addition 
product of sodium theobromine and sodium 
acetate. 

AGUTTAN, Oxyquinoline salicylic acid. 

AICH METAL. An alloy patented by J. 
Aich in 1860 for use as sheathing for ships. 
Contains ^copper, 60 parts ; zinc, 38 ’6 parts ; 
iron, 1*6 parts. 

AILANTHUS BARK. The inner bark of A. 
ercelsa (Roxb.) and A. glandulosa (Desf.) ; it 
has the odour and taste of cinnamon ; used as 
a tome in dyspepsia (Dymock, Pharm. J. [3] 7, 
300). An Indian name of the former is 
Maharukh. 

AIROFORM. Identical with airol {q.v.). 

AIROGEN. Identical with airol {q.v.). 

AIROL. A basic bismuth-oxyiodide gallate, 
analogous to ‘ dermatol,’ a basic bismuth- 
gallate. Is a greyish -green powder without 
smell or task', soluble in caustic soda or dilute 
mineral acid:< Bccomts red on exposure to 
damp air. Has been used clinically as a sub- 
stitute for iodoform {v. Bismuth and Iodoform). 

AJOWAN OIL V . Oils, Essential. 

AKAZGINE i;. Nnx Vomica. 

AK MUDAR, AKANDA, AKRA RUI, or 
ERUKKU ERUKKAM. The bark of Calotropts 
gtganlea (Ait.) and 0. procera (Ait.). An im 
portant Indian drug (Dymock, Pharm. J. [3] 
10 , 122 ). 

AKOLA V . Ankool. 

AKRA RUI V . Ak Mudae. 

ALABANDITE. Manganese sulphide (MnS) 
(v. Manganese). 

ALABASTER. (Albdtre, Fr. ; Alabaster, Ger.) 
A massive, crystalline, and marble-hke variety 
of the mineral gypsum (CaS04,2H,0). It is 
found in Glamorganshire ; at Syston in Leices- 
tershire ; at Tutbury, near Burton-on-Trent in 
Staffordshire, and other places in Britain. A 
snow-white alabaster much used for small 
ornamental objects, such as vases, lamps, stands 
of timepieces, &o., is found at Volterra, in 
Tuscany. The harder varieties are worked with 
the same tools as marble, smoothed with pumice 
ston^, polished with a mixture of chalk, soap, 
and milk, and finished by friction with a 
flannel. 

The softer kinds may^e turned or fashioned 
with rasping tools, fine chisels, or small files, 
smoothed with dried shave gross, then rubbed 
with a patto of putty powder or finely divided 
slaked limo, and polish^ by washing with soap, 
water, and lime, and finally with powders 
elutriated French chalk or talc. 

Alabaster may be stained by heating it to 
about 90° or ICO", and then dippiM it into 
the colouring solution, which may be either 
metalUo solutions, spirituous tinctures of natural 
dyes, or coloured oils (Habild, Wagner's Jahr. 
28, 669). 

A variety of alabaster known as onyz of 
Tecali, from Mexico, takes a fine polish; its 
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colour varies from mUk-wliite to pale-yellow and 
pale-green (J. 29, 1264). 

ALAORBATINfi v. CuEATmE. 

ALATTE. Hydrated vanadio oxide VaOa'HjO 
found as blood-red, mossy growths with silky 
lustre at Tyuva-Muyun in the neighbourhood 
of the Alai Mountains in Fergana, Russian 
Central Asia. The uranium and vanadium 
deposits mined at this locality consist of vana- 
dates of uranium, calcium, and copper, occurring 
as impregnations in a coarse-grained Devonian 
limestone (K. A. NenadkeviS, 1909). 

L. J. S. 

ALAMQ^ITE. A load silicate PbSiOg, found 
near Alamos, Sonora, Mexico; analogous to 
wollastonite CaSiO* in form, habit, and com- 
position It occurs in radiated aggregates of 
minute colourless transparent libres, which give 
a snow-white appearance to the mass (Palacho 
and Merwin, Amor. J. Sci. 1909, 27, 399; J. 
Soc. Chem. Ind. 1909, 600). 

ALANGIUM LAMARCKII v. Ankooi. 

ALANINE, a Alanlno a-aminopropionic acid 
NHj'CHMo’COgH, contains an asymmetric car- 
bon atom, and the dextro, la?vo-, and racemic 
isomerides are known. .7-Alaniiio is one of the 
decomposition products of a large number of pro- 
teids ; together with a glucoproteid C 7 H] 404 N 2 , 
it forms 51 p.c. of t& product obtained by 
the hydrolysis of legumm of pfas (Bleunard, 
Ann. Ohim. Phys. [5J 2G, 47), and is formed to 
the extent of 21 p.c. from silk fibroin (Weyl, 
Ber. 21, 1529; Fischer and Skita, Zeitsch. 
})hysiol. Chem. 33, 177 ; Johnson, J. Amer. 
('hem, Soc. 1916, 38, 1392-1398). It is found 
in yeast proteid (Neuborg, Woch. Brauerei. 
1915, 32, 317-320), and in ‘Zurdon’s’ meat 
extract (Zeitsch, physiol. Chem. 1913, 83, 
468-467). (For the ‘methods of separating 
alanine from the other hydrolytic products of 
the proteid, v. art. PbotetNkS.) r- Alanine is 
prepared synthetically by the action of hydro- 
chloric acid on the aminonitrile NHa’CHMe'CN, 
produced by the interaction of aldehyde ammonia 
and hydrogen cyanide (Strecker, Annalen, 75, 
29) ; or, together with a-aminopropionitrile 
hydrochloride, when ammonium chloride, potas- 
sium cyanide, and acetaldehyde interact in 
oquimolooular quantities in aqueous solution 
(Zelinsky and Stadnikoff, Bor. 41, 2961); by 
reducing o-nitrosopropionic acid with tin and 
hydroohlorio acid (Gutkuecht, Ber. 13, 1116); 
or hydrolysis of a-triazopropionio acid (Curtius, 
J. pr. Chem. [2] 38, 396). 

Alanine, crystallises in needles or #harp 
rhombic prisms, dissolves in 4 ‘6 parts of water 
at 17°, or in 600 parts of 80 p.c. cold alcohol. 
For solubility and oj^oal activity of r-alaninet 
see Pellini and Coppola (Atti R. Accad. Lincel, 
1914 [v.] 23, 1, 144-160, from Chem. Zentr. 
1914, 1, 124). Its heat of combusfJlon is 389 
Cal. and heat of formation 135*2 Cal. (Ber- 
thelot and Andr6, Compt. rend. 110, 884). For 
quantitative estimation of the light absorbed 
by complex salts of alanine, see Ley and Hegge 
(Ber. 1915, 48, 70), and for the induenoe of 
neutral salts on the rotatory power of alanine, 
seeHeiSer (Ber. 1915, 48, 1938). The resolution 
of raoemio alanine has been effected through 
the benzoyl derivative, which iff separated into 
d*henzoul<mnine (m.p. 147°«148° [a]n+37'13° 
in alkiSline solution), and l-henzoylalanm (m.p. 


I60°-161°.(oorr.), [«1 d- 37-3° in alkaline solu- 
tion), by orystaliisation of the brucine salt, and 
these yield on hydrolysis the corresponding 
optically active alanines ; r-cUanine decom- 
poses at 264°-268° (Zelinsky and Stadnikoff, 
f.c.), at 293° (Fischer, Ber. 32, 2461) ; d-otoni7w 
has [alo+9‘55° in hydi^pohloric acid solution; 
d-alaninz is unchanged when heated with strong 
hydrochloric acid (Abderhalden, Zeitsch. physiol. 
Chem. 1912, 82, 167-172). Its aqueous solution 
is decomposed in presence of sunlight (Qanossini, 
Giom. Farm. Chim. 61, 430-444) ; Ualanine de* 
composes at 297° and hag fall)— 9’68° in hydro- 
chloric acid solution, r- Alanine is attacks by 
fermenting J^east (Ehrlich, fifochem. Zeit. 63, 
379). A cultivation of Aspergillus niger in an 
aqueous solution of r-alanine destroys about 
10 p.c. of the dextrorotatory constituent, but 
PniciUium glaucarn does not douriBh in a 2 p.o. 
alanine solution. Resolution has been effeoted 
also by means of d-bromooamphorsulphonio 
acid ((.'olombano and Sanna, Att. B. Aocad. 
Lincei, 1913, fv.] 22, 11, 292-298; Gazz. ohim. 
ital. 1914, 44, 1, 97-104). 

In its physiological action, d-alanine causes 
a rapid rise iiiJthe urinary nitrogen, most of the 
extra nitrogen being excreted on the same day ; 
falanine is not decomposed quite so rapidly, but 
none of it is excreted unchanged (Abderh^den 
and ychittonhelm, Zeitsch. physiol. Chem. 1907, 
61, 323 ; compare, however, Sevone and Meyer 
(Amor. J. Physiol. 1909, 25,214); when given with 
lactic acid it causes an increase in dextrose eli- 
mination almost equal in amount to the theo- 
retical yield ( Dakin and Dudley, J. Biol. Chem. 
1914, 17, 451). After administering 20 grams 
of r-alanine, 4*7 grams of the 3-napnthalenesul- 
phonic derivative of Lalanine was recovered fr<SSSf 
the urine (Schittonhefbi and Katzenstein, Chem. 
Zontr. 1900, i. 1279). When d-alanlne is injected 
in the blood stream it is rapidly absorbed, as 
very little can be detected in the blood or urine 
after a lapse of twenty minutes (Abderhalden 
and others, Zeitsch. ydiysiol. Chem. 1907, 68, 
113, 261, 326; 62, 60?; 63, 148; 1913, 86, 
478 ; and J. Biol. Chem. 1916, 20, 639-664). 

The importance of alanine as a fbial hydro- 
lytic product of many proteid substanoes, has 
led to an extensive examination of its derivatives 
in order to facilitate its detection (Abderhaldm 
and Schmidt, Zeitsch. physiol. Chem. 1913, 86, 
143-147 ; Dakin and Dudley, J. Biol. Chem. 
1913, 15, 127 ; Chelle, Ann. Chim. anal. 1914, 
19, 67) and estimation, and to determine 
part it plays in the building up of the proteid 
molecule. A short account of the more im- 
portant of these derivatives is appended. 

The copper salt (CaHBOjN)oCu,H^O forms 
bluish-violet crystals readily soluble m water. 
The nickel salt (CaHeOaN)2Ni,4HaO forms blue 
crystals, these become anliydrous at 108®-! l(f 
and dissolve in 132 parts of water (Orloff, Chem. 
Zentr. 1897, ii. 192 ; Bruni and Formara, Attl 
R. Acoad. Lincei, 1904 [v.] 18, ii. 26). Complex 
salts are formed with heavy metals, e.g. 
Cr(C3H80aN)8Cr(C,HeO.N),OH-HjO(Tsohugaeff 
and Serbin, Compt. rend. 1910, 161, 1361 j 
Ley and Winkler, Bfer. 1912, 45, 372 ; I^ey and 
Fioken,;Ber. 1912, 46, 377 ; and ibid, 1917, 60, 
1123), and with chloride of tin, ejr. Sa0l4* 
NHa'CH^e COOH 4 _(Fichter, Pkrher-Zeitf 1016, 
26, 274; Chem. Zdt. 38, 693)| Oompotinda 
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aie formed with neutral metallit; salta : LiCl- 
(NHa CHMt)'C00H) H20 ; CaCl*(NHa*CHMe- 
COOH)8HaO (Pfeilfer and Modelski, Zeitsch. 
physiol. Chcm. 1912, 85, 1-34; Pfeiffer, Her. 
1916, 48, 1938-1943). The ethyl ester has b.p. 
48®/! 1 mm. and sp.gr. 0’984r) at 12-6°; r- 
alaninamid'’, m.p. 62°^Franchimont and JMed- 
man, Proo. K. Akad. Wetensch. Amsterdam, 
1906, 8, 476 ) ; d-cdaninamide has m.p. 72® 
(oorr.) and [ajo +6° in 6*2 p.o. aqueous solu- 
tion ; r-alanylchloride hydrochloride NllgCI- 
CHMe'COCl melts ^d decomposes at 110“ ; 
d-alanylchloride hydrochloride has 7-32o 


(Fischer, Per. 'l906, 
ala nineanhydride 


NH 


.CHMeCO 

"COCHMo 


38, n05, 2914) ; r- 
{dwiclh yldiketop iperazine 


>NH has m.ji. 282“, and d- 


alanineanhydride has m.p. 297“ (corr.) and 
[«]^^ —28-8“ (Fischer, Her. 1905, 39, 453). 
d-'i^-Methylalanine OJf 3 ()H(NH-aH 8 )CO()lf, 
m.p. 165°-166“ has [a]J^/’°4-5-59“ ; l-N-methyl- 

alaninc — 6*92“ ; N-benzylalaninef m.p. 

about 270“ (Fischer and Lipschitz, Bcr. 1915 
^^^7). Acclylahnine 
NHAc'CHMe'OOoH crystallises in rhombic 
plates a:h: c=^0-7792 : 1 : I 0983 ; m.p. 137“ 
(de Jong, Rec. trav. chim. 19, 269 ; Fischer and 
2100 ); chloracrtylaUmine eskr 
CHjCl’CO'NH-OHMe COaEt has m.p. 48'6“-49-5“ 
(oorr.) (Fischer and Otto, l.c.) ; the benzem- 
sulphonic derivative SOaiMrNH'CHMe-COoU has 
m.p. 126“ (Hodin, Ber. 1890, 23, 3197) ; benzyl- 
«ulpA<wmittwmeC«H5CHjSOaNHCll(CH3)COOH 
^ m.p. 104“-1G5“ (Johnson, J. Amer. Chem 
Soc. 1910, 38, 2135) ; the d-naphiludenesulphonic 
derivative Ci^Hi^OjNS melts and decompos(;s 
at 220“ (Koenigs and Mylo, Ber. 1908, 41, 4427) ; 
the d-camphorstdphoiiale of alanine (\H,0,N. 
OioHi 60 -S 03 H,HaO has m.p. 105“-110“ 
[®Jj, +14-33“ (Colombano and Sarma, Atti R. 
Accad. Linoei, 1913, fv.] 22 , ii. 234-237) ; ethyl 
d-alanine-d-bromocamphorsulphonaie CO «E t* 
CHMe'NHgjCioHi^OBr'SOaHjlHgO becomes an- 
hydrous at 105“, and melts at 192“, fa f (i 7 - 54 “ 

(Gozz. ohim. ital. 44, 1 , 97-104) ; for hvppmyl- 
alanine NHBz-CHg-CO-NHCHMe-tJOaH, m'.p. 
2(®®, and derivatives, ^ee Curtius and J.ambotte, 
J.pr. Chem. 1904. [21 70, 109; phthalylakimne 
yeHj ; ( 00)2 • N'CHMe-COaH, m.p. 104°. and 
pMcloylalanine COaHC^H^Cfl-NHCHMe- 
COaHjllgO, m.p. 129“ (Andreasch, Monatsh. 
1904, 26, 774); palmityU-alamne CH 8 (CH 2 ), 4 - 
CO-NH-CItMe-CO,H, m.p. 110 “, r«l^^ -6-98“ 
(Aberhalden and Funk, Zeitsch. physiol. Clfem. 

, diethyldialaninguinone CeHoO- 
(NH*CHMe‘COaEt)j forms led prisms, m.p. 140“ 
^orr.) (Fisoher and Schrader, Ber. 1910, 43. 625) ; 
2 ; i‘dinitrophenyUdl-alanine, m.p. 178“ (Abder- 
halden and Blumberg, Zeitsch. physiol. Chem. 
1910, 66, 318) ; d-cuanine picrohmate (Abder- 
halden and Weil, Zeitaoh. physiol. Chem. 1912, 
78, 160-155 ) ; 2‘d-alamne’i^picrolonic acid has 
m.p. about 146“ (deoompe^^) ; l-d-a|aMine-l- 
aeid, m.p. 216*, decomposec^ dt 217“ 
*+11-08® ^Levene and Slyke, « J. Biol. 
:Oii 0 m* 1012, 1^, 127-139) ; d-alaninepierohnaiet 


m.p. 2l4'’(decompo8ee)ral^+I2-4'; dl-aianint- 
picrchnale, m.p. 216° (decomposes); bemt/l- 
hydrogen-dl-alaninedithiocarboxylate 0ObH‘ 
CHMe-NHCSa'^^^aPh, m.p. 136“ (Siegfried and 
Weidenhaupt, Mtsch. physiol. Chem. 1910, 70, 
162). For dimethyha-atanineoxalylglycine 
COaMeCHMeNH-CO-CO-NH-CH.-COaMe 
m.p. 98'5“, and other derivatives, see lileyeringh 
(Roc. trav. chim. 1913, 32, 140-167). 

Among the polypeptides prepared by Fischer, 
Abderhalden, and others, there are many con- 
taining the ‘ alanyl ’ group one or more times 
e.y. r-alanylakinine NHa-CHMe-COOT-CHMe 
COaH, m.p. 270“ (corr.), the benzoyl derivative 
m.p. 203“-204“, the ethyl ester m.p. 114“-116“ 
d iah nylalanine N H [CHMe-C() -NHljCJIM:) 

COoH, m.p. 219“ (con-.) (Fischer and Kautzsch 
Ber. 1905, 38, 2375) ; l-alanyl-d-aUinine, m.p. 
200“-270“ (corr.), ; d-alanyl-l 

alanine, m.p. 275“-276“ (corn), [aj^^“+ 68*94“ . 
(FKcher and J^asko, Bor. 1900, 39, 2893, 3981), 
NHCHMe*CO 

cychakinylalanine I I m.p 282“- 

COCriMe'NH 

282-5“ (corn) {Maillard, Ann. Chim. Fh^ s. 1916, [9] 
3, 73) ; alnnykqlucnsam^ie anhydride CgH. OsN* 
turns brown at 245“-250“, and melts at 269“- 
272“ (Wei/.mann and Hop wood, Troc. Roy. Soc 
1913, A 88, 45.5-401) ; eifiyhlanyl methylene 
malonate COaEt CHMe-NH-CH : C(C0lEt)a 
m.p. 206“-207° ; alanyl-p-hydroxyphenylelhyl 
amine CnHiflNaOa, m.p. 116“ (Guggenheim 
Biochem. Zeitsch. 1913, 61, 369); d-alanyl-d-ami 
nobulyrylglycine Cll 3 CH(NH 2 )CO-NH CH(CO 
NH-CiIaUOOH)(JHaCH8, m.p. 214“ (corr.) 

+13-86 (Abderhalden, Zeitsch. physiol 
Chem. 1912, 77, 371-478) ; d-alanylglycyUeucirie 
(CH3)2CH-Clla*CH(NH-CO-CHaNHa)COOH 
m.p, 132'’-1,13° ra]^'’°-I3-82'' (Abderhalden and 
Fodor, ibid. 1912, 81, 21) ; and the tetrapeptide 
glycyltyrosylglycyl-d -alanine decomposing at 226“ 
(corn) is jirobably a mixture of sterooisoraerides 
of tlie tetrapeptide isolated from silk fibroin 
(Fischer, Ben 1908, 41, 2860; c/. Abderhalden 
and Hirszowski, Ber. 1908, 41, 2840). For 
other polypeptides derived from alanine, see 
Fischer (Ben 37, 2480; 4685; 38, 2376; 
2914 ; Annalen, 340, 128, 162 ; Ben 39, 463 ; 
40, 943, 1754, 3717 ; Annalen, 363, 136), and 
Abddrhalden (Ben 41, 2840, 2867; 42, 3394; 
Zeitsch. physiol. Chem. 63, 401 ; 66, 417 ; 
77,471; 81, 21; Biochem. j^eitsch. 1913, 61, 369). 

^-Alanine, ^-andnopropionic acid H^'CHg* 
CHj’COjH, prepared by treating i3-iodoOTopiomo 
acid withi ammonia (Mulder, Ber. S, 1902 ; 
Abderhalden and Fodor, Zeitsch. physiol. Chem. 
1913, 86, 114), or with silver nitrite and redn eing 
the resulti^ nilro- compound with tin and 
hydrochlorio acid (Lewkowitsch, J. pr. Chem. 
[2] 20, 159) ; by heating ethyl acrylate with 
alcoholic ammonia in ‘waled tubes at 110® 
(Wender, Gazz. ohim. ital. 19, 437) ; or by the 
action of potassium hypobromite on an alkaline 
solution of suc^mide— this is the best method, 
and gives a yield of 60 p.o. of the theoretioal 
(Hoogewerf and van Dorp, Rec. trav. tdjrfm, 
10, 4 ; Holm, Arch. 690), It pm 
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be recognised by conversion into ethyl acrylate i 
(Abderhalden and Epdor, Zeitsoh. physiol. Cnem. 
1913, 85, 117). 

i^Alanine forms prisms m.p. 196® (Ho(^ewerf 
and van Dorp, Z.c.), does not mStAM 20 ° (iSirsda, 
Monatsh. 12 , 242), m.p. 206®-2(jnLengfeld and 
Stieglitz, Amer. Chem. J. 15, 604) ; needles, 
m,p. 200® (Abderhalden and JFodor, lx.) ; the 
hydrochloside of the methyl ester has m.p. 
U4°-95° and of the ethyl ester m.p. 65*6®. The 
copper salt Cu(C 8 H 8 NO,)a, 6 HaO has the pro- 
perties of an ordinary copper sdt, and not tnoso 
of a cuprammonium derivative (Callegari, 
Cazz. chim.dtal. 1906, 36, ii. 63). 

; 8 -Alamne does not occur naturally in the 
body ; when administered with food it causes 
an increase in the urinary mtrogcn, but it is 
apparently changed with more difficulty than 
a-alauine, as the increased nitrogen excretion is 
not observed until the second day (Abderhalden 
and Schittenhelm, Zeitsch. physiol. Chem. 1907, 
61, 323). M. A. W. 

ALANT CAMPHOR v. Camphor. 

ALANT ROOT. The root of Inula hclenium 
is said to contain antiseptic principles, efficacious 
against tuberculdsis bacilli. By distilluig the 
root with water, helenin, alantic acid, and alantol 
(alant camphor) are obtained. Alantic acid 
CioHajOg crystallises fpom alcohol in wlute 
crystals, m.p. 91® ; and on heating it forms the 
anhydride CisHjjjOj. Both acid and anhydride 
are insol. in water, sol. in alcohol or fatty ods ; 
form sol. salts with alkalis. Alantol is an 
aromatic liquid, b.p. 200® (Marpmaim, Pharm. 
Zent. 8 , 122 ; J. Soc. Chem. Ind. 1887, 620). 

ALBARGIN. Gelatose-silver : a colloidal 
preparation of silver. 

ALBASPIDIN V. Filix mas. 

ALBERTITE. A jet-black mineral substance 
resembling asphalt, discovered in 1849, at Hills- 
borough, Albert oo., New Brunswick. Used in 
the United States for the production of oil and 
coke. The yield per ton is said to be 100 gallons 
of crude oU, and 14,500 oubie feet of illumin- 
ating gas, whilst a residue of good coke remains 
in the retorts. Albertite has been found at 
IStrathpoffer, Ross-shire ; it contains 62 p.c. vola- 
tile matter, 37 p.c. fixed carbon, and O'GO p.c. 
water. Its ultimate composition is 79'75 p.c. 
carbon, 8'12 p.c. hydrogen, 1'63 nitrogen, and 
i0'30 oxygen (Morrison, Min. Mag. 6 , 101 ; 
Chem. 8 oo. Abstr. 60, 311). 

ALBITE V . Felspar. 

ALBUM GR^UM. A term formerly used 
for the excrement of dogs. It was at one time 
supposed to have medicinal properties, but is 
now used only for t|mimg, as skins treated 
with it, alter the remove of the hair and previous,' 
to tanniim, preeerve their softness. It consists 
mainly of phosphate of lime. Fowlai dung is 
said by tanners to answer the purpose better. 
ALBUMINOIDS and ALBUMINS r. Proteins. 

AIAK)H0L (Ethylio or Vinous) CgH.O, the 
active principle of ordinary intoxicating liquors. 
Contrary to the ufirual statement, alcohol was 
unknown to the Arabian chemists. The process 
of distillation was also unknown in Asia. The 
disooveiy of alcohol probably took place in 
Italy. It is first mentioned in an^ Italic work 
ci ninth or tenth century (Idppman). 

lUiyl kloohol ocoun» as est^ in many 
pisntiu and in vorioiiui lidte ; and is formed by 


distilling certain plants and fruits with water, 
probably by hydrolysis of the esters,, or by the 
action of moul^ and bacteria on carbohydrates. 

Freparaiion. — Synthetically from its ele* 
ments thus : — By passing an eleotiio arc between 
carbon poles in an atmosphere of hydrogen, 
acetylene (C^Hg) is produced, which, in the pre- 
sence of nascent hydrogen, becomes ethylene 
(C 2 II 4 ). Ethylene by protracted shaking with 
sulphuric acid is converted into sulpliovinio 
acid, which, being distilled m presence of water, 
produces alcohol. 

Alcohol is, for practical purposes, usually 
prepared by •dehydrating the products of the 
distillation of fermented liquids. Up to 1796 
j the strongest spirit known contained not less 
j than 6 p.c. of w^ter. Lowitz appears to have 
been the first to prepare it in an approximately 
anhydrous condition. His process consisted in 
first in 6 reasing the strength of rectified spirit by 
adding to it potassium carbonate, and after 
decanting from this, distiUmg very slowly in 
presence of a further quantity of dry potassium 
cariionate. Richter used, instead of potassium 
carbonate, hot calcium chloride (Crell’s Ann. 

2, 211). Drink water first digested with dry 
potassium carbonate for twenty -four hours ; 
decanted the strong spirit thus produced, 
digested with as much fresh-burnt quicklime 
as was sullicicnt to absorb the whole of the 
alcohol, and afterwards distilled in a water- 
bath at a temperature of 82 ‘2®. The pro- 
duct of this distillation, which was found to 
have a specific gravity of 0’7946 at 16 ‘6®, was 
returned to the retort, and a fresh quantity 
of dry pulverised quieUime added to it, after 
which it was allowed to digest for a we<^ 
at a temperature of 1 < 6 ' 6 ®. It was then again 
slowly distilled and the specific gravity of the 
product found to be 0'7944 at 16’6®. This was 
digested at a temperature of 64'4® with hot quick- 
lime, and distdled out of contact with the air at 
a temperature of 81 ’1® to 82‘2°, and the specific 
gravity of the product, wliich was taken as abso- 
lute alcohol, found to be W-793811 at 16'6®/16'0®. 

Squibb followed the process of Drink water, 
distilling in a partial vacuum of 380 to 630 mm. 
The alcoliol thus prepared had a specific gravity 
of 0-79350. The difference between this specific 
gravity and that found by Drinkwater repre- 
sents one tenth p.c. of alcohol. Mendolcefi’s 
observations (Fogg. 138, 103, 230) practically 
confirm those of Drinkwater and Fownes. 

Metallic calcium, free from calcium nitride,* 
may be used to dehydrate alcohol. The calcium 
should be in shavings, washed with dry carbon 
tetrachloride to remove traces of petroleum, in 
the proportion of 20 grams of cleaned and sieved 
sha^gs to every litre of alcohol. In order to 
remove ammonia from the distillate (due to 
possible traces of calcium nitride) a few oenti- 
gi^ms of alizarin are dissolved in a litre of the , 
distilled alcohol together with 0*6 gram of drv 
tartaric acid dissolved in 10 c.o. of the alcohol. 
The tartaric acid solution is slowly added to 
the alcohol coloured by the alizarin until the 
reddish- blue colour nkaugesto 3 iellow, when the 
whole is |gain distillq^i 

Manufacture . — The first piooess in the mann^ 
faoture or spirit'is one of brewings andingsieral 
prinoiples*it does not differ from that empbyed 
in making beer. The brewer, oelwell &a the 
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distiller, endeavours to treat his materials in 
such a wav as to extract from them the greatest 
amount or fermentable matters. The brewer of 
beer, however, does not desire to convert all the 
matter he extracts into spirit, and be brews at 
such gravities as his customers require. The 
distiller desires to convert as much as possible 
of the matter he has extracted from his materials 
into spirit ; he therefore produces a wort con- 
taining more maltose and less dextrinous matter [ 
than the brewer of beer. He has also an ad- 
vantage oyer the brwver in being able to choose 
the gravities which he knows by experience will 

f )roduce the bestjresults. It has been found that 
or distillers’ purposes it is advisable to keep the 
specific gravity of the wort when set for fermen- 
tation below 1040. The principle of low tern- 
peratures when the diastase acting in the 
mash tun appears to be fully recognised, 60® to 
63® being pnerally adopted, and it is understood 
that the higher the temperature at which the 
worts are set for fermentation, the greater is the 
amount of fusel oil in the spirit. The distiller 
has, therefore, to choose the lowest temperature 
at which a healthy fermentation can be started, 
and this is found to range between 23® and 26®. 
He cannot be too careful as to the purity of the i 
yeast, for not only has he to run the risk of 
acetic and other ferments being introduced into 
the wort, involving loss of alcohol, but to provide 
against the presence of aldch>de, which is 
objectionable in the spirit. It is found in 
practice that it is always more prone to appear 
in hot weather, when the difficulty of keeping 
the yeast from decomposition is greatest, and 
as yeast always contains some spirit in a dilute 
form it is not improbable that the aldehyde is fre- 
inently a product of the oxidation of spirit. 
Aorolem(probablyderivediromglycerol)ammonia, 
and sulphur fti organic combination are occasion- 
ally found in small quantities in crude spirit. 

The materials used in the manufacture of 
alcohol in the United Kingdom are chiefly malt, 
maize, rice, sago, tapioca, barley, rye, oats, sugar, 
and molas^, but occasionally dates and locust 
beans have been employed. At the present 
time maize constitutes fully 75 p.c. of the grain 
used. In Scotland the smaller distillers use 
malt only, and the spirit they produce under 
the name of Highland, Campbeltown, or Islay 
Whiskey, Glenlivet, Lochnagar, &o., has im- 
pi^d to it a flavour derived partly from the 
peat used in drying the malt. The process of 

f anufacture consists in distilling the fermented 
ort — then called wash — in a common still, col- 
lecting the distillate, which is weak spirit con- 
taminated with fusel oil, and is called *low 
wines,’ and redistilling. The spirit which passes 
over in the middle of the redistiUation is |hat 
which is used for consumption. It contains from 
60*8 to 76-7 p.o. of alcohol by weight (20 over- 
, pijoof to 45 overproof), but is generally diluted 
by the addition of water to 55-4 p.c. of alcohol 
by weight (11 overproof) before being sent into 
consumption or placed in bond. Irish whiskey 
diflers from Scotch chiefly in the absence of poet 
flaVour. The materials used in its manufacture 
are, with one or two exceptions, a mixture ''df 
malt and grain, the ppp^ion of malt being, 
how(6ver» greater than in ^glish distilltries. ft 
is geatrally bonded at 25 overproof (^ p.c. of 
aloohdl by we^ht). 


We have hitherto dealt with the spint manu* 
factored in * Common ’ or ‘ Pot ’ stills, or in 
other words by boiling the ^sh, condensing the 
steam thus produced, reboiling the product and 
recondensing. But by far the greater quantity 
of the alcohol of commerce is produced by 
the Coffey still, in which the alcoholic vapour 
produced is deprived of water as the process 
continues until a spirit is formed of much 
greater purity than that manufactured by the 
old method. The annexed illustration represents 
a Coffey’s distilling apparatus, the left-hand 
column being called the analyser^ the right 
hand one the rectifier. The first operation is to 
fill both columns with steam. Tms is accom- 
plished by introducing it under pressure from 
the boiler at c, whence it ascends within the 
analyser, passing by the pipe M into the bottom 
of the rectifier. When a proper temperature 
has been attained, the wash is pumped from 
the wash charger by a pipe which enters the 
top of the rectifier. This pipe is only shown 
sectionaUy in the sketch after entering the 
column, but it is continuous, and the wash 
passes slowly through it, becoming warmer, 
owing to the pipe being in contact with the 
steam. When it has reached the bottom of the 
rectifier it is not far from the boiling-point. 
It wiU be seen that thg pipe then ascends, and 
finally delivdts the wash into the top of the 
analyser. The linos across the analyser repre- 
sent plates of perforated oopjper, and in connec- 
tion with each is a tube which projects about an 
inou and a half above the plate, and dips into a 
shallow vessel placed on that next beneath. The 
wash on entering falls on the first plate, but on 
reaching a depth of an inch and a half passes 
through the tube to the second one. In the 
mean time the steam produces ebullition in the 
contents of the plates, and carries away with it 
the alcoholic vapour through the steam exit 
pipe, BO that by the time the wash has reached 
the bottom of the column it has been deprived 
of its alcohol. The alcoholic vapour passes by 
the pipe m into the bottom of the reotiner, which 
like the analyser contains plates and metal 
tubes, and where a process of gradual cooling 
takes place by the action of the pipe carrying 
the cold wash. Fusel oil vapour, condensing at 
a higher temperature than alcohol, is the first 
to assume the liquid form, and contaminated 
with spirit passes into the hot ‘feints* re- 
ceiver. The vapour containing alcohol con- 
tinues to ascend, meeting with portions that 
havescondensed, and are undergoing the process 
of rectification. It will be seen that the upper 
part of the apparatus is mrked off in the sketch 
as finished-spirit oondenSra. It is so called be- 
cause all that condenses withm its area, instead 
of retumi^ towards the bottom of the Apparatus 
to be reified, passes by the finished-spirit 
pipe or feints pipe into the receivers. At the 
top of the apparatus is a pipe marked ‘ alcoholic 
steam exit,* which carries away most of the 
aldehyde as well as spirit vapour which under 
special circumstances may not have been con- 
densed before reaching that point. 

V The English distillers confine themselvee 
almost exclusively to this apparatus, brewing 
ior the most lArt from a mixture of mndn ana 
malt. In addition to Coffey’s still, varwus forms 
of rectifying stills are in use to meet special 



ALWHUU 


Teqnirements, e.g. the production of a purer bv- product, which indeed Is now oonilderabW 
though not stronger spirit than that obtainable more valuable than the spirit itself. The spint 
from the Coffey 8|ill for the purpose of com- produced does not to any large extent into 
pounders and certain manufacturing processes, consumption as whiskey, the want of navour 
and apparatus having for their object (in con- being an objection in regard to the better 
sequence of the increasing demand for fusel oil) qualities. I.<arge quantities are transferred to 
the recovery of the maximum amount of this the rectifiers, who redistil them with various 
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^Touring ingredienti, producing gin, Bxitiih 
brandy, SritiBh mm, and the rariouf oordiali, 
A ^rnon. after being redistilled from potassium 
oamnate, or filtered through oharoou, is used 
in the arts and in medicine under the names of 
rectified spirit end spirits of wine. The British 
Pharmacopoeia (1914) requires rectified spirit 
to be of a specific grawty of 0*8337 at 16*0®/16’6°, 
equal to 85*68 p.c. of alcohol by weight. The 
Pharmacopoeia of the United States fixes it at 
0*820, equal to 91 p.c., which is about the 
strength it comes from Coffey’s apparatus. 
The four official (B.’P.) diluted alcohols obtained 
by mix^ 90 p.o. aioohol {Spiriius recti ficatus) 
with distuled yater contain, respectively, 70, 
60, 45, and 20 p.c. of alcohol by volume. 

They are prepared as follows : — 

1. Seventy per cent. Spirit.— Sp.gr. 0*8899. 
Mix 310*6 0 . 0 . of distilled w^ter with 1 litre of 
90 p.o. alcohol. Or dilute 777*8 c.c. of 90 p.c. 
alcohol with water so as to make 1 hire at 15*5°. 

2. Sixty per cent. Spirit. — Sp.gr. 0*9134. Mix 
630*6 0 . 0 . of distilled water with 1 litre of 90 p.c. 
alcohol. Or dilute 666*7 c.c, of 00 p.c. alc(mol 
with water so as to make 1 litre at 15*6®. 

3. Forty-five per cent. Spirit. — Sp.gr. 0*9435. 
Mix 1053*4 c.c. of distilled water with 1 litre of 
90 p.c. alcohol. Or dilute 600*0 c.c. of 90 p.c. 
alcohol with water to the bulk of 1 litre at 15*5®. 

4. Twenty per cent. Spirit. — Sp.gr. 0*9760. 
Mix 3558*0 c.c. of distilled water with 1 litre of 
90 p.c. alcohol. Or dilute 222*2 c.c. of 90 p.c. 
alcohol with water to the bulk of 1 litre at 16®. 

' Attempts have been made, especially in 
America, to produce alcohol from wood, by the 
Olassen process, or by some modification of it. 
This process consists in converting the cellulose of 
the wood or some portion of it into dextrose and 

’"'^ther sugars by treatment with dilute acid under 
pressure, ajid, after neutralising the acid, fer- 
menting the sugar with yeast, and separating ■ 
the alcohol by distillation. The jdeld is about 
21 gallons of 96 p.c. alcohol per ton of wood, 
sawdust or pine wood waste being usually 
enmloyed, the output being upwards of 2000- 
26(W gallons per diem. The method has not 
been commercially successful in this country, 
and is carried on only to a limited extent, and 
under exceptional conditions, in the United 
States (J. Ind. Eng. Chem. 1911, 3, 439; 1916, 
7, 920; J. Soc. Chem. Ind. 1912, 31, 613; 
1^17, 86, 632 ; 1918, 37, 131 ; Chem. Tr. J. 
1918, 63, 103 ; Zoitsch. angew. Chem. 1913, 
26, 786 ; J. pr. Chem. 1916, 91, 358 ; Chem. 

• and Metall. Eng. 1918, 19, 552). 

Some considerable quantity of alcohol is, 
however, obtained from the waste liquors formed 
in the manufacture of wood pulp by the sulphite 
process. This liquor contams from 1 to 2 p.o. 
of sugars, which, after neutralisation, or removal 
of the sulphur dioxide, can be fermented and 
the alcohol recovered by distillation. The 
’^industiy is established in Norway, Sweden, 
Germany, Switzerland, and on the American 
continent. The yield of alcohol is said to be 
about 1 p.o, or rather more, of the sulphite 
waste liquor. The spirit obtained contains 
methyl alcohol, and is tlmrefore unsuitable* for 
potable purposes; but m can, of course, be 
employed as motor fuel, and for ether uses 
where a denatured spirit is applicable^ (Johnsen, 
J. Kw. Chem. Tnd. 1918, 37, If IT). ♦ 


The aynthetio production of alcohol from 
acetylene, produced from calcium cartdde, was 
largely developed in Germany during the war. 
The methods employed consist either in trans- 
forming the acetylene into ethylene and thence 
into alcohol by treatment with oil of vitriol and 
water by a process first discovered by Hennell m 
1828 ; or by converting the acetylene into alde- 
hyde in presence of a catalyst, such as a mercury 
salt, and then reducing the ^dehyde to alcohol 
by passing its vapour, mixed with hydrogen, over 
finely divided nickel, at a particular temperature. 

For descriptions of the various forms of 
potable spirit -brandy, rum, whisky, gin, &c. — 
see the special articles on these 8i.h^cte. 

Properties . — In the dehydrated condition 
ethyl alcohol is a colourless liquid, having a 
^ecifio gravity of 0*791 at 20°/20® (Lowitz, 
CreU’s Ann. 1796, 1, 1), 0*7938 at 15*6®/16*6° 
(Fownes, Phil. Trans. 1847, 249), 0*793811 at 
15*6®/! 6*6® (Drinkwater, Phil. Mag. Feby. 1848), 
0-79.350 at 15*6°/15*6®, 0*79367 at 16®/4® 
(Mendel6eff, Pogg. 138, 230), (Squibb, Ephe- 
meris, 1884-5, and Pharm. J. [3] 16, 147- 148), 
0*7851 at 25®/4® (Winkler, Kailan, Osborne, 
McKelvy, and Bearce, J, Wasliington Acad. 
Sci. 1912, 2, 95), 0*7936 at 16®/4® (Sohoorl and 
Regenbogen, Proc. K. Akad. Wetensch. Amster- 
dam, 1918, 20, 831), 0*80627 at 0®/4® (Young, 
Klason, and Norlin, Mjpiman). It boils at 78*4° 
under a prefsure of 7B0 mm. (Kopp, Annalen, 
92, 9), 78*3® (Young and Merriman), and solidifies 
at —130*5° (WroWewski and OJsowski, Compt. 
rend. 96, 1140 and 1125), -112*3° (Ladenburg 
and Krugel, Ber. 1899, 32, 1818). It is inflam- 
mable, the combustion evolving great heat but 
little light, and producing carbon dioxide and 
water. It acts as a caustic irritant in contact 
with the tissues of the body, owing probably 
to the energy with which it draws moisture 
from the surface. It possesses a specific 
heat of 0*0120 at temperatuies between 16® 
and 40*5® (Schiillcr, P. Erg. 6, 116-192). Its 
index of refraction for Hi8= 1*3667 (Briihl), and 
its critical temperature 243*6® at 48*9 m. At 
this point 1 gram occupies 3*6 c.c. (Ramsay 
and Young, Proc. Roy. Soc. 38, 329). 


VAroi'R pRKSSURB OF Ethyl Aloohol. 
(Merriman, Trans. Chem. Soc. 1913, 103, 632.) 
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The visedsity of ethyl alcohol at various 
temperatures has been measured by Thorpe 
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llodger (Phil* Trani. 1894, 185, II, 633), 
with tiio recnilte shown in the annexed table : — 

Temperatutes. ^ Temperatures. 

7-16 0-016328 42*84 0 007876 

13*23 0-013673 49-37 0 007047 

19-22 0-012094 66-67 0 006364 

26*24 0*010792 61*07 0*005816 

31-89 0 009660 67*66 0*005263 

37*61 0*008644 73*67 0*004764 

The electric conductivitv of alcohol and of 
its aqueous solutions has been determined at 
16°, by Dorosohewsky and Roschdestvonsky 
(J. Russ. Phys. Chem. Soc. 1908, 40, 887 ; J. 
Soo. Chem,dnd. 1909, 28, 863). 

Ethyl alcohol is hygroscopic and is miscible 
with water in all proportions. On adding water 
to anhydrous alcohol a considerable development 
of heat occurs owing to the contraction in the 
resultant volume. The maximum contraction is 
found by mixing 48 vols. of water with 62 vols. 
of anhydrous alcohol, measured at 16*66°. 

H. T. Brown (Analyst, 1015, 40, 379 ) has 
shown from the alcoholometric tables published 
by Thorpe that in the case of mixtures of very 
dilute alcohol and water there is a slight expan- 
sion instead of contraction. 

Commercial ‘ absolute ’ alcohol usually con- 
tains about 1 p.c. to 1*6 p.c. of water. In the 
B.P. (1914) ‘ absolute 0 alcohol is defined as 
‘ ethyl hydroxide CaHgOH, with ffot more than 
1 p.c. by weight of water; sp.gr. from 0*794 
(oq[uivalent to 99*96 p.c. of ethyl hydroxide b}^ 
volume and by weight) to 0*7969 (equivalent 
to 99*4 p.c. of ethyl hydroxide by volume or 
99 p.c. by weight). Anhydrous copper sulphate 
shaaen occasionally during two or three hours 
in a well'Closed vessel with about fifty times its 
weight of absolute alcohol does not assume a 
decidedly blue colour (absence of excess of water).’ 

Absolutely anhydrous alcohol should give no 
cloudiness when mixed with benzene, and no pink 
colouration when shaken with a crystal of potas- 
sium permanganate, and no turbidity or evolu- 
tion of gas (acetylene) in contact with calcium 
carbide. Anhydrous alcohol added to a fragment 
of anthraquinone and sodium amalgam acquires 
a green colour ; if a trace of water be present 
the colour becomes red (Claus, Ber. 10, 927). 

Ethyl alcohol is readily detoct-ed by the 
formation of ethyl acetate on adding sodium 
acetate and a few drops of acetic acid to the 
liquid to be tested, together with an equal 
volume of strong sulphuric acid, and heating 
the mixture, when the characteristic smell of 
ethyl acetate is produced. A less charactefistic 
reaction is the lormation of iodoform when the 
liquid is mixed with ^Jew drops of a solution of 
iodine and warmed a^ the colour of the iodine 
destroyed by a solution of sodium carbonate or 
hydroxide. If benzoyl chloride be shaken with 
the liquid, it forms ethyl benzoate ; on warming 
the decanted solution with a solution of caustic- 
potash the ethyl benzoate is recognised by its 
odour. Other tests are the formation of 
aldehyde by the action of a mixture of potassium 
diohromate and sulphuric acid, recognised by 
its smell and its behaviour with Schiff’s reagent ; 
the formation of dinitrophenetole (Blan^ma, 
Chem. Weebklad, 1914, 11 , 26); phthalic ester 
(Reid, J. Amer. Chem. Soo. 1917; 39, 1249). 


According to Pa^ur veiy small traces of ethvl 
alcohol, especially in fermented liquids, may ^ 
detected on distilling the aqueous liquid suspected 
to contain it by olwrving the formation of the 
striaj, or ‘ tears ’ produced by the condensation 
of the first few drops of the distillate. A few o.o, 
of the liquid to be tested are placed in a wide 
test tube fitted with a ^ork and a long g law 
tube. The liquid, which should contain a spiral 
of copper of* platinum wire, or a few fragments 
of pumice, to ensure regular ebullition, is heated 
by a small flame and the formation of the ‘ tears ’ 
in the long tube noticed. *Vith care as little as 
0*001 p.c. of alcohol can ir^ this way be detected. 

Alcohol forms othoxides with sodium and 
potassium, aifd unstable compounds with certain 
crystalline salts, e.g. zinc chloride, the latter 
called alcoholates. Subjected to the action of 
a limited supply oxygen, it is converted into 
aldehyde (C 2 H 4 O), which, by further oxidation, 
becomes acetic acid (CJl^Oa). Distilled with 
chloride of lime, it forms chloroform (CHCl,,). 
With sulphuric acid at a temperature not ex- 
cceding 146° it yields ether (C 4 H 10 O). With 
twice its bulk of sulphuric acid it gives ethylene 
(^ 8 ^ 4 ). With excess of dry cldorine gas it 
produces chloral (CgHClgO). 

Use.s. — In 'addition to its use as a beverage, 
spirit is employed as a solvent for many of tne 
drugs required in medicine, and diluted to the 
standard of British proof — ^that is, to the speoifio 
gravity of 0*91976 at 15*6°, representing 49*28 p.e. 
by weight of Drinkwator and Fownes alcohm — 
it forms part of a largo proportion of the tinc- 
tures of the Materia Medica. It is also used 
largely as a solvent for essential oils, in pre- 
panng perfumes and essences, and ether and 
other ethyl derivatives are manufactured from it. 

Methylated spirit. In 1863 a strong repi<>' 
sentation was made t(f the Government to allow 
the use of alcohol duty free in fhe arts and 
manufacturing processes in which it was re- 
quired, and after careful inquiry the Board of 
Inland Revenue in 1856 decided to sanction, 
under certain restrictions, a mixture of nine 
parts of spirits of wine ^nd one part of methyl 
alcohol (wood naphtha) free of duty under the 
name of mHhylated spirits. In 1861 the per- 
mission was extended to all other purposes except 
consumption as a beverage or as a medicine. 
The reasons for selecting wood naphtha were that 
wliilst it would be least likely to interfere in any 
of the processes for which alcohol was required — 
CRpecially as a solvent — it would be very difficult 
to separate from the alcohol when once mixeiL 
1 'he principal restriction on the use of methyl- 
ated spirit is that it shall only be kept by 
authorised persons and in authorised premises. 

In 1891 it was found necessary (owmg to the 
pos|ibility of methylated spirit being eumoiently 
purified to render it fit for potable purposes, and 
the OTowing practice of drinking even the un- 
purified methylated spirit by the poorer classes . 
in some of the larger cities) to again restrict the ‘ 
use of methylated spirit made as above described 
(i.e. ‘ ordinary methylated spirit ’) to manu- 
facturers only, and, even then, subject to 
revenue restrictions, and to prescribe the 
addition’ of a further denaturant to methylated 
spirit iijtended foiw general purposes. This 
I dcnatureqiLt consists of mineral naphtha (petro- 
' Jeum), ai^ the mixture, known as ^ rntnermsed* 
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Diotlwlated spirit, may be sold by Uoenied 
retaileni to the general public for any pur|^ 
to which if is applicable, as lighting, heating, 
cleansing, or mixing with paints, vamiahos, Ac. 

It was found, however, that * ordinaiw * 
methylated spirit was not universally applicable 
to manufacturing processes requiring the use of 
alcohol, and aooordinjdy, in 1902, the Com- 
missioners of Inland Revenue, under powers 
conferred upon them by the Spirits Act of 1880 
and the Finance Act of 1902, authorised the use 
of duty-free alcohol denatured with substances 
other than wood-napfttha in certain manufactur- 
ing operations and subject to special conditions. 

As the result of an inquiry ^y a Depart- 
mental Committee, in 1904-5, the amount of 
wood-naphtha to be used as a denaturant for 
‘ ordinary ’ methylated spirit used for industrial 
purposes was reduced from ICfto 5 p.c. of the 
mixture. This is described as ‘ industrial ’ 
methylated spirit. 

At the present time (1920), there are. there- 
fore, two descriptions of methylated spirit offici- 
ally recognised in the United Kingdom, viz. : 

(o) Mineralised methylated spitil as sold by 
licensed retailers for general use (except for the 
preparation of beverages or medicine), and con- 
taining not less than 1 0 p.c. by volume of approved 
wood-naphtha, and, in addition, not less than 
0-376 p.c. of approved mineral naphtha (petro- 
leum of specific gravity not less than 0-800). 

(h) ItUustrifu methylated spirit^ intended for 
use in manufacturing processes, and sold only by 
methylators to persons authorised to receive i 
this kind of spirit. This must contain not less | 
than 6 p.c. of approved wood-naphtha or other I 
substance or combination of substances approved 
by the Commissioners of Customs and Excise. 

^ The wood-naphtha must be sufficiently im- 
pure to mak§ the methylated spirits so nauseous 
os to render them incapable of being used as a 
beverage or of being mixed with potable spirits 
without rendering them unfit for human con- 
sumption. It must contain not less than 72 p.c. 
by volume of methyl alcohol, and not more than 
12 grams per 100 o.o. of aldehydes, acetone, and 
higher ketones, estimated as acetone by Mes- 
singer’s iodoform process, nor more than 3 grams 
of esters estimated as methyl acetate by hydro- 
lysis; not more than 30 c.c. of naphtha shall 
be required to decolourise an aqueous solution 
containing 0-6 gram of bromine, and 6 o.c. at 
least of deoi-normal acid shall be required to 
neutralise 26 o.o. of the spirit when methyl 
rai^e is used as indicator. 

I^e wood-naphtha which is now used by 
methylators is fairly uniform in character as 
regards its content of methyl alcohol, and it is 
by the recognition of this alcohol that the 
presence of methylated spirits is usually* de- 
tected. Acetone is present in much more varying 
quantities, whilst unsaturated alcohols, com- 
^^und ethers, and nitrogenous basic substances 
are present in too small and varying proportions 
to afford suitable means for detecting methy- 
lated spirits in mixtures. 

The most satisfactory methods for detecting | 
methyl alcohol in presence of ethyl olcohcS 
depend either on difference? in the physical pro- 
perties of the alcohols themselves, or ton diner- 
enoes in the chemical behaviour of tbeir deriva- 
tives or products of oxidation, but of these, few 


are capable of indieating with oertainty the 
presenoe of less than 1 b.c. of methyl alcohol. 

Of the methods wnioh have mtherto been 
devised for this purpose, node can compare, as 
regards the certainty of the conclusions which 
may be drawn from the results, with that of 
Riche and Bardy, which depends on the ultimate 
formation of methylaniline violet and its de- 
position on wool (Compt. rend. 1876, 1976). As 
a preliminary test, and one which may with 
advantage be incorporated in the Riche and^ 
Bardy process, the following w-ill be found to be 
useful. About 10 c.c. of the strong spirit — freed, 
if necessary, from essential oils, &c., by the 
salt-petroleum method and fractionated from 
potassium carbonate {v. Alcoholmbtry) — are 
placed with 30 grams of powdered iodine in •a 
small round -bottomed flask which can be readily 
connected with a condenser. Two grams of 
amoqihous phosphorus are added and the result- 
ing alkyl iodides distilled and collected under 
water in a small separator. When from 10 to 
1 2 c.c. have been collected, the iodides are washed 
with water, decolourised with dilute potash, and 
drawn off from the aqueous layer into a flask 
containing a little freshly heated potassium 
carbonate. After remaining an hour or so with 
occasional shaking, the potassium carbonate is 
removed by filtration, and the boiling^int of 
the iodides carefully determined. (Ordinary 
ethyl alcohol elds an iodide which has a con- 
stant boiling-point of 72®. When methyl 
alcohol is present in the spirit, the initial 
boilmg-point of the iodides is lower and a 
portion distils below this temperature. By 
noting the temperature at which the first 
drop of distilled iodides falls into the condenser 
and receiver respectively, the presence of rela- 
tively small quantities of methyl alcohol can be 
detected. The results (see table in next col.) 
obtained with synthetic mixtures indicate the 
delicacy of the method. 

In doubtful cases, or when the initial boiling- 
point is below 70®, the first fraction of 3 c.c. of 
distilled iodides is digested with an equal 
volume of aniline at a moderate temperature, 
and the Riche and Bardy method proceeded 
with. After standing one hour, hot water is 
added to the crystallme mass, and the mixture 
boiled for some minutes, 26 o.c. of strong pot^h 
solution are then added, and the liberated aniline 
oil washed with water ; 1 o.o. of this oil is inti- 
mately mixed with 10 grams of a mixture 
consisting of 100 grams of dry quartz sand, 
3 grams of ouprio nitrate, and 2 grams of 
com^uon salt, and the mixture introduced into 
a wide tube and heated for some hours at 
90®-100®. The product is exhausted with warm 
alcohol and the extract filtered and made up to 
a volume of 100 o.o. 

If the sample of spirit contained ethyl 
alcohol oily, the colour of the liquid will be 
red, but in the mesence of 1 p.c. of methyl 
alcohol it has a cQstinot violet shade, whilst m 
the presenoe of 2 p.c. the violet is very decided, 
and becomes more so as the proportion of 
methyl alcohol increases. 6 o.o. of the aloo^ 
holio extract are then mixed with water to a 
volume of 100 o.c., and 2 o.o. of this dye diluted 
with water to about 400 o,o.. The mixture is 
now heated to .a temperature not exceeding 76*, 
and from two to three feet of Beriin wool. 
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fmUmAy freed from gre&tse by treatment 
with hot dilute potoafa, immersed in it for 30 
minutes. 


Poroentage of 
methyl alcohol by 
volume in the mix- 
ture of alcohols 

Temperature at 
wliich the first 
drop of iodides 
falls into the 
condenser 

Volume of dis- 
tillate obtained 
below 72° from 
10 c.c. of 
iodides 

Nil 

70® 

c.o. 

Nil 

0*38 

69® 

0*2 

0*94 

65® 

0*8 

1*»G 

63® 

2*2 

2*77 

62® 

4*0 

3-6G 

60® 

6*0 

4*66 ! 

5H® 

CO 

6*42 

67® 

6*2 

6*26 ' 

56® 

6*4 

7*10 

65® 

0*6 

10*00 

6T 

7*5 


Pure ethyl alcohol under these conditions will 
not produce a dye, and the wool after washing 
and drying remains practically white. If, how- 
ever, methvl alcohol was originally present, the 
fibre will be violet, the tint becoming more 
intense and increasing m depth according to the 
quantity present. Ricln^and Barely recommend 
that S' c.c. of the above diluted dye should be 
taken instead of 2 c.o. as here described, but 
although by this means a more intense dye is 
obtained when methyl alcohol is present, it is found 
that an appreciable dye, although not of the 
same colour, is deposited when pure ethyl alcohol 
has been operated with, and this may lead to 
confusion. For purposes of comparison it i.s 
therefore advisable to operate concurrently with 
a sample of rectified spirits. 

If it be desired to estimate the proportion 
of methyl alcohol or methylated spirits in a 
sample, the method of Thorpe and Holmes may 
be employed. This method depends on the 
complete oxidation of methyl alcohol to carbon 
dioxide by means of chromic acid mixture, 
ratified spirits under the same conditions 
yielding omy a small quantity of carbon 
dioxide equivalent to O'Ol gram for each gram 
of^hyl alcohol present (Chem. Soc. Trans. 

As a result of many experiments it has been 
proved that unless the boiling-point of the 
iodides is abnormal, no dye is obtained by the 
Eiohe and Bardy method, nor does the yield of 
carbon dioxide on oxidation exceed the lilnits 
l^ven above for rectified spirits, but in all cases 
m which a dye is obtai^^ed a proportional excess 
of carbon dioxide is olao obtained. 

In other countries there are, as a rule, classes 
of denatured alcohol corresponding mqre or less 
with those authorised in the United Kingdom, 
».«. spirit for general use so completely denatured 
as to be deemed undrinkable, and spirit not 
absolutely denatured and intended for use by 
responsible manufacturers subject to a more or 
less stoiot revenue control. 

Wood-naphtha is the denaturant most in 
favour for spirit intended for general use, the 
naitseofis character of the m^hylated iroirit 
beiil% sometimes intensified by the addition 

Vat. T — 


of such substances as pyridine bases^ b^oxine, 

&c. 

InFranM^ spirit for general usecomJiainsone* 
eleventh of iti volume of officially approved 
wood-naphtha, with an addition (when used for 
lighting and heating purposes) of 0*5 p.c. of heavy 
benzine distilling between 150* and 200® and 
4 p.c. of gum rosin for ‘ finfeh.* 

In Germany^ the official formula is 2 p.o. of 
wood naphtha, 0*5 p.o. of pyridine bases, and 
(optionally) 0*125 p.o. of rosemary oiL Spirit 
intended for motor cars, and internal combustion 
engines is denatured by adtiKng 1 p.o. of wood- 
naphtha, 0*25 p.o. of pyridme bases, 0*25 p.o. of 
a solution of methyl violet dye, and from 2 to 20 
p.c. of benzol'to tlie pure spirit.* 

In the United States oj Americaf 10 p.o. of 
approved methyl alcohol and 0*6 p.o. df benzene 
is proscribed to bd added to spirit denatured for 
general use. 

In Belgium, specific denaturants are pre- 
scribed for each oi the principal manufacturers, 
and this practice obtains in certain other 
countries, as Germany, France, Switzerland, 
America, and the United Kingdom, when it can 
be shown tliat ordinary methylated spirit is 
unsuitable. In such cases the denaturants are 
naturally very varied in character, being specially 
adapted to the particular necessities of each 
manufacturer. 

(Minutes of Evidence and Report of the 
Department Committee on Industrial Alco- 
hol, 1906; Herrick, Denatured or Industrial 
Alcohol.) 

ALC()HOLOMETRY is the term applied to 
any process for estimating the amount of alcohol 
in a spirituous liquid. In simple mixtures of 
alcohol and water a determination of specific 
gravity at a standard temperature affords an 
accurate index of alcVtholio content, and it is 
by taking advantage of this fact tHht the assay , 
of spirit for revenue and commercial purposes 
is usually carried out. 

When alcohol and water are mixed together 
the volume of the mixture is invariably less 
than the sum of the initial volumes, and the 
degree of contraction varies with the proportion 
of alcohol present. In countries in which the 
revenue from spirit Is of great importance it has 
therefore been found necessary to ascertain by 
experiment the specific gravities of mixtures of 
alcohol and water in all proportions and at 
various temperatures. These experiments have 
in general been carried out at the request of the 
Governments interested, and the results are^ 
embodied in tables associated with the namee Ot 
those entrusted with the investigations. 

in 1794 Sir Charles Blagdou and Mr. Gilpin 
completed an extensive series of expffl-imente, 
undertaken at the request of the British Govern- 
ment (Phil. Trans. 1790-1794), the results of 
which have since served as the basis of S 3 r 8 temi of 
akoholometry in this and other countries. At 
that time anhydrous alcohol had not been pre- 
pared, Blagden and Gilpin’s tables having refer- 
ence to spu'it of a sp. gr. 0*825 at 15*tt*/15*0® 
(60®/(>0®F.). Tralles, in 1811, oonduoted a 
like investigation for the Prussian Government 
(Gilb. Ann. 1811), and adopted 0*7946 aa the 
specific CTavity of ajcOhol at 16*6®/16*6®. He 
incidenta^lly confirmed the general accuracy of 
the results of Blagden and Gilpin, and oonstMCted 
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Ublet of »pirit-stron^;th8 which for upwards of 1 tive Govemmonts. The unofficial investigations, 
sixty years formed the basis of German alcoholo* | of Fownes (Phil, l^ans. 1M7), Drink water 
metry. Similar researches were undertaken by | (Chem. Soc. Mem. 1848), and glquibb (Ephemeris, 
Gay-Lussac fParis, 1824), MoCuUoohfWashington, l 1884), are likewise entitled to consideration, 
1848), Baumnauer{ Amsterdam, 1860), Mendel^efl Drinkwater prepared alcohol of a speoifio 

(St. Petersburg, 1805), and more recently by gravity 0-79381 at I5-6Vl6'6® (in air), whilst 
the Kaiserliche Normal Eichungs Kommisaiou j Squibb obtained it as low as 0-7935, but this 
(Berlin, 1889), the se'J^oral results of, which have ' result lacks confirmation, 
from time to time been incorporated in the j The work of MendeMeff for the Russian 
systems of alcoholometry adopted by the respec- j Government admittedly constitutes the most 


n 

Specific 
(p-avlty In air 

13 6° 

Percentage of alcohol 

1 

Percentage 
of fiscal 
proof spirit 

Specific 
gravity in air 

15-0° 

Percentage of alcohol 

Percentage 
of fiscal 
^roof spirit 

Ly weight 

by volume 
at 15-6° 

by weight 

by volum»‘ 
at 15 6° 

0-79359 

100-00 

100-00 

175-36 

0*898 

68-93 

66-67 

116-81 

0-794 

99-87 

99-92 

175-21 

0-900 

68-06 

66-83 

115-33 

0-796 

99-22 

99-52 

J74-62 

0-902 

67-18 

04-98 

113-84 

0-798 

98-67 

99 -12 

173-80 

0-904 

66-31 

64-13 

112-35 

0-800 

97*91 

98-70 

173 07 

0-906 

55-42 

63-26 

110-82 

0-802 

97-26 

98-28 

172-33 

0-908 

54-54 

62-39 

109-29 

0-804 

06-67 

97-84 

171-66 

0-910 

63-65 

61-51 

107-74 

0-806 

96-89 

97-39 

170-77 

0-912 

62-77 

60-63 

106-20 

0-808 

96-20 

96-93 

169-96 

0-914 
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104-63 

0-810 

94-50 

96-46 
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0-916 

60-98 

68-83 

103-05 

0-812 

93-80 

95-97 

168-28 

0-918 

60-08 

57-92 

101-43 

0-814 

93-08 

95-47 

167-41 

0-91976 

49-28 

67-10 

100-00 

0-816 

92-36 

94-97 

166-61 

0-920 

49-17 

' 66-99 

99-80 

0-818 

91*63 

94-45 

165-60 

0-922 

48-26 

66*05 

98-16 

0-820 

90-90 

93-92 

164-67 

0-924 

47-33 

65 -10 

96-49 

0-822 

90*16 

93 38 

163*72 

0-926 

46-40 

64-14 

94-80 

0-824 

89-41 

92-83 

162*75 

0-928 

45-47 

63-16 

93-09 

0-826 

88*65 

92-26 

161*76 

0-930 

44*63 

62-18 

91-36 
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87-88 

91-69 

160-75 
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0 934 
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86-34 
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168-69 
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40-65 
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0-836 

84*78 
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0-940 
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40-95 

82-19 

0-838 

83-99 

88-68 
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0-942 

38-64 

45 85 

80-26 

0-840 

83-20 

88-06 

154-37 

0-944 

37*60 

44-71 

78-26 

0-842 

82-40 

87*42 

163-26 

0-946 

36-64 

43-64 

76-21 

0-844 

81*60 

86-77 

152-12 

0-948 

36-46 

42-36 

74-12 

0-846 

80-79 

86-12 

160-97 

0-960 

34-37 

41-13 

71-98 

0-848 
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85-46 

149-80 

0-062 
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39-87 

69-76 

0-850 

79*17 

84-78 
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0-964 
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38-67 

67-48 

0-852 

78*36 

84-11 

147-43 
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37-20 

65-09 
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83-42 
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29*66 

35-79 
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0-866 

76*71 
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146-01 
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34*33 

60-03 

0-868 1 
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143-78 
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32-79 
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► 0-860 

76*06 
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0-862 

74*22 
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61-63 

0-864 

73*39 

79-89 

140*02 

0-968 
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27*69 
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0-866 

72*66 

79-16 

138*74 

0-970 
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26*83 

45-14 

0*868 

71*72 

78-43 

137*46 

0-9’;2 
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23-91 

41-77 

0-870 

70*88 j 

77-69 

136*16 

0-974 
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21*96 

38-36 

0-872 

70*04 1 

76-94 

134*84 

0-976 

16-26 

^19*98 

34-87 

0-874 

69*19 

76-19 

133*63 

0-978 

14-61 

18*00 

31-42 

0-876 

68-35 

76-44 

132*19 

0-980 

1 12-99 

16*04 

27-99 

0-878 

67*61 

74*68 

130*86 

0*982 ^ 

11*42 

14*13 

24-66 

0-880 

66*66 

73*91 

129-60 

0*984 

9-91 

12-29 

21*44 

0-882 

66*81 

73*13 

128-14 

0*986 

8*46 

10*61 

18-34 

0-884 

64*96 

72*34 

126-77 

0*988 

7*08 

8*80 

16*38 

0*886 

64*10 

71*65 

126-37 

0-990 

6-76 

7*18 

12*63 

0*888 

63*24 

70*76 

123-97 

0-992 

4*61 

6*63 

9*82 

^ 0*890 

62*38 

69*96 

122-56 

0*994 

3*31 

‘ 4*14 

7-24 

0*892 

61*62 

«69*14 

121*14 

0*996 

1 2*17 

2*71 

4*73 

0-894 

60*66 

68*33 

119*70 

0*998 

1*07 

1*34 

2-33 

0*896 

u 

69*80 

67*60 

118*26 

1*00000 

0*00 

0*00 

0*00 



ALCOHOLOMKTRY. 


domprebeDBive and exact of the researches 
hitherto made in the field of alooholometry. 
Mendel^S obtained alcohol of a specino 
gravity 0 79425 at 16V16*, which at 16-6715-6® 
IS equivalent to 0*79384 in a vacuum, or to 
0-79369 in air, and he assigned to Drinkwater’s 
alcohol an alcoholio content of 99-93 p.o., and to 
t^e strong spirit of Blagden and Gilpin 89*06 
n. 0 . by weight. The results of Tralles* and Gay- 
Lussac’s experiments, being based on alcohol 
less dehydrated than that of Drinkwater, com- 
pare less favourably with those of MendeleeJff. 

* Mendel^eff was so well satisfied with the 
work of Blagden and Gilpin, and Drinkwater, 
that, for spfrituous mixtures of low strength, he 
included many of thoir results in his tables of 
spirit-densities, and after a critical investigation 
and subsequent verification by the Kaiserliche 
Normal Eichungs Kommission, his results have 
been substantially adopted as the basis of the 
present system of German alcoholometry in place 
of the relatively less accurate data of Tralles. 

The results of the work of those four autho- 
rities have been incorporated in the accompany- 
ing table of spirit-densities, which may servo 
for the pyknometrical determination of the true 
strength of spirits. In the assessment of duty 
and in commercial transactions, the standard of 
strength is termed ‘ proof.’ Spirit of proof 
strength is defined as *#iat whio^ at the tem- 
perature of 61*F. (10-6*0.) weighs exactly jjths 
of an equal measure of distilled water ’ also at 
10*6®. According to the best available data 
this mixture of alcohol and water has a specific 
ravity of 0-91976 at 15 0®/15-6®, and contains 
9*28 p.c. by weight and 67*10 p.c. by volume 
of anhydrous alcohol. Spirits which contain a 
greater proportion of alcohol than is contained m 
proof spirit are said to be of overproof strength 
(o.p.), and those which contain a smaller propor- 
tion are said to be of underproof strength (u.p.). 
Variations of temperature are deemed not to 
afifeot the fiscal strength of spirits. Spirits 
which are of j/roof strength at 10-6° are conse- 
quently deemed to be of proof strength at other 
temperatures, and the same applies to spu-ils of 
any other strength, provided that no change in 
composition has occurred. In computing the 
strength of a spirit mixture reference is made 
to the volume of proof spirit it contains, if under- 
proof, or will produce if overproof,’ at the 
dominant temperature, which for revenue pur- 

E in this country is fixed at 10° (50^'.). 

eleofi’s alcohol is thus found to be 76*33 
overproof, or 100 volumes at 10°, when diluted 
with water to proof strength, yield 175 *.36 
volumes at that temperature. 

In the annexed t^le specific gravities of 
aqueous alcoholio mixtures are correlated with 
percentages of alcohol by weight and by volume, 
and fiscal proof spirit. The specific ^gravities 
ore reduced to air values and represent the 
ratio of the weight of a given volume of spirit 
to the weight of the same volume of water at 
16*6® under the same atmospheric conditions ; 
they may be converted to specific gravities in 
vacuum by means of the expression — 

8 -f 0*0012 

1*0012 I 

.^though it is probable that the density of a I 
spirituous liquid can be determined more accu- j 


( rately by the use of a pyknometer than by other 
I means, in practical operations where rejgard 
j must be haa to convenience, it is pjfeferable to 
employ one of the many hydrometers or alcoholo- 
[ meters, the stems of which are variously graduated 
to show densities, percentages of alcohol by 
weight or by volume, or#igain arbitrary indica- 
tions which can be interpreted by suitable 
tables. 

Since the year 1816, Sikes’ hydrometer has 
been the legal instrument for ascertaining the 
strength of spirits for revenho purposes in Great 
Britain and Ireland, as well as in moat of the 
British Colonies. It is rifade of brass, gilded, 
and consists \)f a hollow spherif provided at one 
pole with a graduated rectangular stem uniform 
in section, and at the other with a conical 
spindle terminating in an oval counterpoise to 
give stability to the instrument when floating 
in a liquid, and also to serve as an attachment 
for various poises. The graduated portion of 
the stem contains ten principal divisions, which 
are equal in leiigtli, and marked ‘ 0 ’ at the 
upper, and ‘ 10 ’ at the lower end, and between 
these points the stem is again subdivided to 
2 tenths of a division. When the instrument is 
floating at tfio ‘ 0 ’ mark in spirit at a tempera- 
ture of 16-6°, it indicates a strength of 66*7 
overproof, or 92-60 p.c. of alcohol, whilst the 
‘ 10 * mark corresponds to a strength of 68 
overproof, or 86*11 p.o. of alcohol (by weight). 
For strengths weaker than these a series of nine 
poises or weights are used, numbered consecu- 
tively from 10 to 90. The poises are made of 
hammered brass, gilded, and can bo attached by 
means of a slot in the poise to the spindle of 
the hydrometer. The series of principal divi- 
sions can thus be repeated ten times, reading 
from ‘ 0 ’ to ‘ 100,’ whteh latter indication repre- 
sents distilled water. Sikes’ hydrofiieter indica- 
tions refer to readings on the stem at the surface 
of the liquid in which it is floating, the capillary 
meniscus being disregarded, and are interpreted 
into proof -strengths by means of tables which 
are arranged so as to identify a sample of 
spirits at any temperattfre between — 1 -1® (30®F.) 
and -f 37*8® (100°F.). 

The hydrometer which is used for strong 
spirits beyond the range of the ordinary Sikes* 
instrument is known as the ‘ A ’ or * Light hyio- 
meter,’ and tables projicr to this instrument are 
also issued. It is made of brass, gilded, and 
graduated on the stem similarly to Sikes* hydro- 
meter. When floating at the ‘ 0 * mark in ^ 
spiiit at a temperature of 13*6®, it indicates a 
strength of 73*5 oveimroof, or 98*24 p.e. of 
alcohol, whilst the ‘ 10 ’ mark corresponds to 
66*7 overproof, or 92-60 p.c. of alcohol by weight, 
the strength proper to the ‘ 0 ’ mark on Sikes’ 
hydrometer. 

In the United States of America Tsalles* 
tables are legalised, and, as in England, revenue 
is raised with reference to a mixture of alcohol 
and water termed ‘ proof.’ American proof 
spirit is defined as containing one-half of its 
volume of Tralles’ alcohol at 16*6®. For Excise 
purposes a series of alcoholometers are employed, 
each having a limited range, and indicating 
percentages of proof, spirit — * 0 * representing 
water, *^00’ proof spirit and *200’ alcohol— 
and readings at temperatures other than ^6*6® 
are correal by means of tables to what thev 
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Percentage of 



1 Indications of hydrometer of 

In^loAtlon of 
Sllcw* hydro- 
meter at 16 * 6 ° 

British proof 
spirit 

American 
proof 
spirit at 
16°6 

Alcohol 

by 

Alcohol by volume 


c 

Spain 

(Cartier) 

Switzer* 

weight 

(Ger- 

many) 

at 16° 
(Prance) 

at 15-6° 
(Tralles) 

Eussia 

Holland 

land 

(Beck) 

A.O. 

Ovorproof 

73-6 

198-2 

98-2 

98-9 

99-1 


26*3 

43-6 

42*6 

A.I. 

72-9 

197-5 

97*7 

98-6 

98-8 

— 

25 

43-2 

— 

A.2. 

72-2 

196*8 

97-2 

98-2 

98-4 

— 

— 

— 

41*8 

A.3. 

HI *6 

196*1 

96*6 

97-8 

98-0 

— 

24-6 

— 

— 

A.4. 

• 71-0 

76*3 

196-3 

96-1 

97-5 

97-7 

— 

— 

42-2 

40*9 

A.5. 

194-6 

95-6 

97-1 

97-3 

— 

24 

— 

— 

A.6. 

69-6 

193-8 

94-9 

96-7 

96-9 

— 

— 

- r 

— 

A.7. 

68-9 

193-0 

94-3 

96-3 

96-5 

— 

23-6 

41-2 

39-6 

A.8. 

68-2 

192-2 

93-7 

95*9 

96-1 

— 

— 

— 

-i- 

’ A.9. 

67*5 

491-3 

93-1 

95-4 

96-0 

99-2 

23 

— 

— 

A,10«0 

66*7 

190-4 

92-6 

95-0 

95-2 

98-3 

— 

40-1 

38-3 

1 

66-0 

189-C 

91-9 

94-7 

94-8 

— 

22-6 

— 

— 

2 

66-2 

188-7 

91-3 

94-2 

94-3 

96-3 

— 

— 

— 

3 

64*4 

187-7 

90-7 

93-8 

93-9 

— 

22 

39-1 

37-1 

4 

63-6 

186-8 

900 

93-3 

93-4 

94-4 

— 

— 

— 

5 

62-8 

185-8 

89-4 

92-8 

92-9 

— 

21-6 

— 

— 

6 

61-9 

184-9 

88-8 

92-3 

92-4 

92-4 

— 

38-1 

36*8 

7 

CM 

183-9 

88-1 

91-8 

91-9 

— 

21 

— 

— 

8 

60-2 

182-9 * 

87-6 

91-3 

91-4 

90-5 

— 

— 

34-9 

9 

69*3 

181-8 

86-8 

90-8 

90-9 

— 

20-6 

37-2 

— 

10 

68-4 

180-8 

86-1 

90-3 

90-4 

88-5 

— 

— 

34*1 

11 

67-6 

179-9 

85-6 

89-9 

90-0 

— 

^ 20 

— 

— 

12 

56-7 

178-9 

84-9 

89-4 

89-5 

86-6 

— 

36-2 

— 

13 

66-7 

177-9 

84-2 

88-8 

88-9 

— 

19-6 

— 

32-9 

14 

64-8 

176-8 

83-6 

88-3 

88-4 

84-6 

— 

— 

— 

15 

53*8 

176-7 

82-8 

87-7 

87-8 

— 

19 

36-2 

32 

16 

62 '9 

174-6 

82-1 

87-2 

87-3 

82-6 

— 

— 

— 

17 

61-9 

173-4 

81-4 

86-6 

86-7 

— 

18-6 

— 

— 

18 

60-9 

172-3 

80-7 

80-6 

86-1 

80-6 

— 

34-2 

30-8 

19 1 

49*9 

171-1 

80-0 

86-6 

86-6 

— 

18 

— 

— 

20 

48-9 

I 1700 

79-3 

84-9 

86-0 

78-7 

— 

— 

30 

21 

47-9 

168-8 

78-6 

84-3 

84-4 

— 

17-6 

— 

— 

22 

46-8 

167-7 

77-9 

83-8 

83-9 

76-7 

— 

33 

— 

23 

45-8 

166-6 

77-2 

83-1 

83-2 

— 

17-0 

— 

28*8 

24 

44-7 

165-3 

76-5 

82-6 

82-6 

74-8 

— 

— 

— 

25 

43 6 

164-0 

76-8 

81-9 

82-0 

— 

— 

32 

28 

26 

42-6 

162-7 

760 

81-3 

81-4 

72-8 

16-3 

— 


27 

41-4 

161-5 

74-3 

80-6 

80-7 

— 

— 

— 


28 

40-3 

160-2 

73-6 

800 

80-1 

70-9 

16-9 

31-1 

26-8 

29 

39-1 

168-9 

72-8 

79-4 

79-5 

— 

— 

— 

— 

30 

. 38 0 

167-6 

72-1 

78-7 

78-8 

68-9 

16-4 

— 

26 

31 

36-9 

166-3 

71-3 

78-1 

78-2 

— 

— 

30-1 

— 

• 32 

36-7 

166-0 

70-6 

77-4 

77-6 

67 

14-9 

— 

— 

33 

34-6 

153-7 . 

69-9 

76-8 

76-9 

— 

• — 

— 

24*8 

34 

33-4 

162-4 

69-1 

76-1 

76-2 

66 

14-6 

29*2 

— 

35 

32-2 

161-0 

68-4 

76-4 

76-6 

— 

— 

— 

24 

36 

310 

149-6 

67*6 

74-7 

74-8 

63-1 

14 

— 

— 

37 

29-8 

148-2 

66-8 

740 ’ 

74-1 

— 

— 

28-2 

23*2 

38 

28-5 

146-8 

66-1 

73-3 

73-4 

61-1 

13-6 

— 

— 

39 

27*3 

146-4 

66-3 

72-6 

72-7 

— 

— 

— 

— 

40 

260 

144-0 

64-6 

•71*9 

720 

69-2 

i3*i 

— 

22 

41 

24-8 

142-6 

63^ 

71*2 

71*3 

— 

— 

27 


42 

23*6 

141-1 

630 

70*6 

70-6 

67-2 

— 

— 


43 

22-3 

139-7 

62-2 

69*7 

69-8 

— 

12-4 

— 

20*9 

44 

210 

138-2 

61*4 

690 

69*1 

66-3 

— 

261 


45 

19-7 

136-7 

60-6 

68*3 

68*4 

— 

11*9 

— 

20*1 

46 

18-3 

136-2 

69-8 1 

67-5 

67-6 

63*3 

— i 


~ . 

47 

170 

133-7 

690 1 

66*7 

66-8 

— 

. 11*6 1 

26*2 

-I. 

48 

15-6 

132-1 

68-2 1 

65-9 ! 

660 

61*3 

— 


180 

40 

14 *3 « 

130-6 

67*4 

65*1 

66-3 

— 

11 ' 

— 


50 

12*9 , 

129-0 

66*6 

64-3 

64*6 

49*4 

— 

— 


51 

11*5 

127-4 

" 66*8 

63-5 

63*7 

— 

19*5 

24 

17*8 

« 62 

10*1 

125*8 

550 

62-7 

62*9 

47*4 
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. Percentage of 



j Indications of hydrometer of 

IndioattoQ of 
Sikes* hydro* 

British proof 
spirit 

America 

Alcohol 

by 

Alcohol by volume 



Spain 

(Cartier) 

8 wilier- 

meter at 15*8° 

spirit at 
16-06 

weight 

(Ger- 

many) 

at 150° 
(Prance) 

at 16*60 
(Tralles) 

Bussia 

Holland 

• . 

land 

(Beck) 

A.10=63 

Overproof 

8-7 

124*2 

64-2 

61-9 

62*1 


10*1 


17 

64 

7-3 

122*6 

634 

61 -1 

61-3 

45-6 

— 

23-1 

— 

65 

6-8 

120*9 

62-5 

60*2 

60*4 

— 

— 

— 

— 

66 

4*4 

119-2 

61*7 

594 

59*6 

43-5 

9-«/ 

— 

16-9 

67 

2 ‘9 

117-6 

60-9 

68*6 

68*7 

— 


22-2 

— 

68a 

1-4 

115-7 

60-0 

67*7 

57*9 

41-6 

0 

— 

16*1 

59 

Underproof 

0-2 

114 0 

40-2 

66-8 

67-0 





60 

1-7 

112-2 

48-3 

55-9 

56-1 

39-6 

— 

21-3 

— 

61 

3-3 

110 6 

47-5 

65*0 

55-2 


8-3 

— 

14 * 

62 

4-8 

108-7 

4() 6 

64-1 

54-3 

37-6 

— 

— 

— 

63 

6-4 

106-9 

45-8 

63-2 

634 

— 

7-9 

— 

13-3 

64 

8-1 

105-0 

44-9 

52-3 

52-6 

35-6 

— 

20-1 

— 

66 

9-7 

103-1 

44-0 

61-3 

61-5 

— 

— 

— 

— 

66 

11-4 

101-2 

43-1 

604 

50-0 

33-6 

7-2 

— 

12*2 

67 

131 

99-3 

42-1 

494 

49-6 

— 

— 

— 

— 

68 

14-9 

97-2 

4M 

48-4 

48-6 

31-6 

6-8 

19 

— 

69 

16-7 

95-1 

40-2 

47-3 

47-6 

— 

— 

— 

11 

70 

18'6 

93-0 

39-2 

46-3 

46*5 ' 

29-7 

— 

— 

— 

71 

20-6 

90-8 

38 2 

45-2 

454 

— 

6-1 

18-1 

— 

72 

224. 

88 G 

37*2 

44-1 

44-3 

27-7 

— 

— 

9-9 

73 

244 

80% 

3G-2 

43*0 

43-2 

— 

6-7 

— 

— 

74 

264 

84-2 

35*2 

41-9 

42-1 

25-7 

— 

— 

— 

76 

28*6 

81-8 

34*1 

40-7 

40-9 

— 

— 

16-9 

8-8 

76 

30-7 

794 

33*0 

39-5 

39-7 

23-7 

6*1 

— 

— 

77 

32-9 

76-9 

31*9 

38-3 

38-5 

— 


— 

8*1 

78 

35-3 

74-3 

30*7 

36-9 

37-1 

21-8 

— 

16*1 

— 

79 

37-7 

714 

29*5 

36*6 

36-7 

— 

44 

— 

— 

80 

40 3 

68-6 

28-2 

.34-0 

34-2 

19-8 

— 

— 

7 

81 

42*9 

65*4 

26-9 

32-6 

32-7 

— 

4*0 

— 

— 

82 

45-7 

62*3 

25 -G 

31-0 

31*2 

17*9 

* — 

16. 

— 

83 

48-6 

68*9 

24-2 

29-3 

29-5 

— 

3-6 


6 

84 

61 '7 

66*4 

22-7 

27-6 

27-7 

15*0 

— 

— 

— 

86 

64 '8 

61*7 

21-1 

26*6 

25-8 

— 

— 

14-1 

— 

86 

68-2 

47-9 

19-5 

23*7 

23-9 

13-9 

3 0 

— 

4*9‘ 

87 

61-6 

44*1 

18*0 

21*8 

22*0 

— 

— 

— 

— 

88 

66 0 

40*2 

164 

19*9 

20*1 

11*9 

» — 

13-3 

— 

89 

684 

36*2 

14-7 

18*0 

18*1 

— 

2-3 

— 

3-8 

90 

71-9 

32*2 

13*1 

16*0 

16*1 

9-9 

— 

— 

— 

01 

75-2 

284 

11*6 

14*1 

14*2 

— 

1-9 

124 

3*1 

92 

784 

24*7 

10*0 

12*3 

124 

7-9 

— 

— 

— 

93 

814 

21*3 

8*6 

10*6 

10-7 

— 

1-5 

— 

— 

94 

' 844 , 

17-9 

7*2 

8*9 

9-0 

6 

— 

11-6 

2*1 

96 

87-3 

14-6 

6*8 

7*2 

7*3 1 

— 

— 

— 

— 

96 

90-0 

114 

4*6 

6*6 

6-7 1 

4 

0-9 

— 

— 

97 

92-6 

84 

34 

41 

4-2 

— 

— 

10*8 

1 

08 

961 

6-6 

2^ 

2*7 

2-8 

2 

— 

— 

— 

99 

97*6 

2-8 

1-1 

14 

14 

— 

— 

— 

— 

100 

100*0 

_ a 

0-0 

0*0 

0*0 

0-0 

0 

0 

10*1 

0-1 


would be in the same spirit at that temperature. 
In comparing American with British ^roof it is 
necessary to remember that the American gallon 
is smaller than the British Imperial gallon, 
100 British being equivalent to 120 American 
gallons. Consequently, 100 British proof gallons 
are equal to 137 American proof gallons. 

Similarly, in Holland a proof standard is 
recognised. Dutch proof contains 60 p.o. by 
vdame of anhydrous alcohol at 16*. As in 
the United States, a series of alcoholometers 
aio em}doyed, differing only in regard to the 
range of iheir strength indications. The alco* 


holoeneter scale is di»"ided into 2S principal 
divisions or degrees, which are equal in length, 
and again suMivided, each principal division 
representing of the volume of the instru* 
ment below the zero mark. Spirit tables based 
on the results of Baumhauer’s investigations 
accompany the instruments and translate 
degrees on the scale into percentages of alcohol 
at 15* on which the Revenue charge is based. 

In Italy Tralles’ alcoholometer is used 
ofhciall)^ This insti\iment is made of glass, 
and at* the standard temperature of 
directly indicates the volume of alcohol con- 
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taine<i in 100 volaoMS of spirit when measured 
at the same temperature. Indications at other 
temperatures arc corrootod by means of tables 
to true percentages by volume at 16*6®. 

In Austria-Hungary an alcoholometer closely 
resembling Tralles’, and indicating percentages 
of alcohol by volume* at, 1 5® is used. Its in- 
dications are uniformly higher than those of 
Tralles’ to the extent of from one or two tenths 
per cent. Readings on this instrument are taken 
at the highest point of the capillary meniscus, 
which extends .1-2 him. on the stem above the 
normal surface of the liquid. 

Tralles’ alcoholometer and tables arc used 
coramerciallvin Russia, but for Revenue purposes 
a metal hydrometer with nine poises similar in 
character to Sikes’ hydrometer is official. On 
this instrument, however, Sikc.’j’ indications are 
reversed, so that ‘ 100 ’ is made to represent 
strong spirit, and ‘ 0 ’ distilled water. The hydro- 
meter scale is arbitrary, and indications are inter- 
preted into percentages by volume of 'I’rallos’ 
alcohol at the standard temperature of 16-6®. 

Previous to the year 1887, Tralles’ instrument 
was also used in Germany. It has now been 
replaced by a system of weight aleoholonietry, 
based on Mendcleeff’s data, whereby the pro- 
portion by weight of alcohol is determined. The 
official alcoholometers arc made of glass, and 
graduated to show percentages of alcohol by 
weight at 16®— apparent percentages at other 
temperatures being converted into true percent- 
ages by means of tables. Duty is, however, 
charged on the volume of anhydrous alcohol pre- 
sent in a spirit when measured at 15*0®. This 
system is therefore analogous to the British, u ith 
the exception that the dominant tomjicrature at 
which British proof-strengths are computed is 10®. 

In Franco Gay - Luskac’s original volume 
alcoholometer and tables have been corrected 
to the now values for densities of mixtures of 
alcohol and water determined by the ‘ Bureau 
national des poids et mesures * (1884). The 
density of anhydrous alcohol at 15®/16® is given 
as 0*79433 in vacuum, as against 0*7947 assumed 
by Gay-Lussac, and the difference between 
the graduations of the old and new official 
instruments reaches a maximum of 0*4 p.c. for 
spirits containing from 20 to 21 p.c. of alcohol 
by volume. Thus 20® at a temperature of 
>6® on the new legal centesimal alcoholometer 
indicates spirit containing 20 p.c. by volume 
of alcohol, and corresponds to 20*4® on Gay- 
f Lussac’s original instrument. The French spirit 
tables indicate, at temperatures extending from 
0® to 30®, the percentage by volume of alcohol 
which a liquid contains at 16®. 

Previous to the adoption of Gay-Lussac’s 
alcoholometer and tables by the French Go^rn- 
nient, Cartier’s areometer was used as the 
Revenue instrument. Its stem is graduated from 
** 10 to 46 in divisions of equal length, and in- 
dicates the concentration of a spirituous li(j|uid 
by arbitrary degrees, which servo as spirit - 
s^ngths for charging dutv^ Cartier’s areometer 
m still used in Spain and South America. 

In Switierland, Beck’s hydrometer is used 
for spirit assaying, and, like Cartier’s instrument, 
of which it is a modifioatiop, floats at tl\e lowest 
indication in distilled water at 12*6® (10®R.). 

means of the above table the indica- 
tio&s of any one of these instruments at 16*6® 


can be converted into degrees of any other, and 
British fiscal strengths compared with those of 
other countries. ” 

An indispensable step to a correct assay of 
spirit is the removid of any foreim matter which 
may be in solution in the a^pohoBo mixture. In 
the case of potable spirits, wines, liqueurs, &o., 
the spirit is freed from saccharine and other 
dissolved matter by distillation. The distilla- 
tion of a strong spirituous liquid into its own 
volume so as to obtain an accurate determina- 
tion of the amount of alcohol present is im- 
practicable >vith the apparatus and the methods 
of distillation commonly used, so that although 
it is possible to distil without lois spirits of 
underproof strength into the same volume, it is 
necessary to dilute overproof spirits and distil 
into two, three, or four times the original 
volume. The amount by which the true alco- 
holic strength of brandy or rum differs from the 
apparent strength, as indicated by the hydro- 
meter or a density determination, is termed the 
‘ obscuration.’ 

In the case of medicinal preparations, flavour- 
ing essences, &c., which yield distillates con- 
taining essential oils and volatile substances, 
special treatment is necessary before a pykno- 
meirical determination of spirit is possible.” 
In these circumstances the sample or dis- 
tdlate is mired -with **atcr in a separator so 
that the mixture shall contain not more than 
20-26 ]).c. by volume of alcohol, and common 
salt is added in quantity sufficient to saturate 
the liquid. The mixture is then shaken vigor- 
ously with 60-100 c.c. of light petroleum, and 
after remaining a short time, the aqueous layer 
is extracted, if necessary, a second time with 
petroleum (for instance when chloroform or 
ether is present), and finally drawn off into a 
flask and distilled. In the case of soap lini- 
ments and similar projiarations, dilute sulphuric 
acid is used instead of salt, and the aliphatic 
acids And volatile matters removed by petroleum 
before distilling (Chem. Soc. Trans. 1903, 314). 
Preparations containing iodine are decolourised 
with sodium thiosulphate, and excess of caustic 
soda added to prevent decomposition of the tetra- 
thionate during distillation. Similarly, volatile 
acids must be neutralised, and aramoniacal liquids 
distilled from dilute sulphuric acid solution. 

For the estimation of ethyl alcohol in fusel 
oil, or liquids containing fusel oil, the salt- 
petroleum process may be employed, but as 
the higher alcohols cannot be wholly elimi- 
nated by this method, the specific refraction 
of the distillate is determined by the Zeiss 
Immersion Refractometer. The refractions of 
mixtures of el^hyl alcohol, and water have been 
determined at various temperatures by Wagner 
and Schultze (Zeitsch. anal. Chem. 1907, 608) 
and othei'o, and a near approximation to the true 
alcoholic content of a fusel oil mixture, treated 
as above described, can be obtained by applying 
to the apparent percentage by volume of alcohol, 
as indicated by the density of the distillate, a 
subtractive correction bf 0*5 p.c. for each de^ee 
of difference between the refractometer reading 
as found at 15*6®, and that required for a 
mixture of ethyl alcohol and water correspond- 
ing to the ascertained density. This method of 
eliminating foreign matters in spirit assayi^, 
from a knowledge of their influence on the speoino 
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refractions of aqueous alooholio mixtures, is 
capable of wide application, and has been utilised, 
for instance, by Lascb and Lythgoe (Amer. Cbem. 
J. 1906, 964) for determining the proportion of 
methylated spirits in a spirituous liquid {v. 
Refbaotomkteb), J. H. 

ALCORNIN or ALCORNOL. An alcohol, 
CaaHj^O, of the nature of phytosterol, found in 
Alcomoco bark (llartwich and Diinnenberger, 
Arch. Pbarm. 1900, 341). 

ALCOVINOMETER. An instrument for de- 
termining the alcoholic content of a wino by 
observing its ascent in a capillary tube. 

ALDjEHYDE, Acetaldehyde CjH^O or 
CHj'CHO. • A product of the oxidation of 
ordinary (ethylic) alcohol. Aldehyde occurs, 
together with its polymerides metaldehyde and 
paraldehyde, in the ‘ first runnings ’ from the 
stills in the rectification of alcohol which has 
been filtered through charcoal (Kramer and 
Pinner, Ber. 2, 403 ; 4, 787 ; Johnson, J. Soo. 
Chera. Ind. 8, 67 ; Hewitt, tbid. 21, 97) ; the best 
yield is obtained from the alcohol manufactured 
from potatoes and from the sugar beet. It 
is also present in crude wood spirit (Kramer 
and Urodzki, Ber, 9, 1921) ; in crude pctioleum 
(Robinson, J. Soc. ( 'hem. Ind. 18, 232) ; m wine 
during the process of ageing (Trillat, (Jompt. 
rend. 136, 171 ; idera. Ami. Inst. Pasteur, 22, 
704, 763, 870 ; idem. 4^ull, Soc. chim, 5, 646, 
650 ; 7, 71) ; and in certain ciftumstanccs in 
the fermentation products of alcohol (Trillat, 
Corapt. rend. 140, 645 ; Trillat and Souton, 146, 
996 ; Kayser and Demolon, 140), 783 ; Trillat 
and {Souton, Bull. Soc. chim. 7, 244 ; Ann. Inst. 
Pasteur, 24, 302 ; Kostychev, Zeitsch. physiol. 
Cbem. 79, 130 ; 83, 93 ; 89, 367 ; 92, 402 ; 
Bioebom. Zeitsch. 64, 237 ; Kostychev and 
Hiibbonet, Zeitsch. physiol, Chem. 79, 369 ; 
85, 408 ; Neubey and Kerb, Biocliem. Zeitsch. 
43, 494 ; 64, 251 ; Ber. 47, 2730 ; Grey, Bio- 
cbem. J. 7, 359 ; Buchner, Langheld, and Skraup, 
Ber, 47, 2560 ; Miiller-Thurgan and Osterwald, 
Am. Chem. Abstr. 1016, 2274, 2474). According 
to Battel li and Stern (('ompt. rend. soc. biol. 68, 
6) it is produced in animal tissues by oxidation 
of alcohol through the action of alcoholaso. 
It occurs in poplar blossoms (Kostychev, 
Hiibbenet, and Sheloumov, Zeitsch. physiol. 
Chem. 83, 105), and by oxidation of certain 
substances, such as rhamiioso (Rosenthaler, 
Arch. Pharm. 261, 587). Kerbosch (Kec. trav. 
chim. 34, 235) showed the presence of traces of 
acetaldehyde in the latex of Hevea bruzilkmis. 
It is possibly also a degradation product of 
glucose in the animal body, and may be reduced 
to alcohol by the liver (r/. Embden and Baldes, 
Biochem. Zeitsch. 45, 167). 

Aldehyde is also fofmed when calcium formate 
is heated with calcium acetate (Limpricht, 
Annalon, 97, 369), and when lactic acid and the 
lactates are distilled with manganese dioxide 
and sulphuric acid (Stadeler, Annalen, 79, 333) ; 
or by tne action of dilute sulphuric acid alone 
on lactic acid. 

CH,CH(OH)GOOH = CHa’OHO+HOOOH 

(Erlenmeyer, Zeitsch. f. Cbemie, 1868, 343), a 
process used commercially at one time for the 
production of aldehyde for the preparation of 
Aldehyde Green. It is also one of the products 


of the dry distillation of sugar (Volokel, Annalen, 
87, 303). 

Preparation . — ^Aldehyde is formed by the 
oxidation of alcohol by means of platinum 
black (Dobereiner, Gm. 8, 274), of manganese 
dioxide and sulphuric acid (Liebig, Aimolen, 14, 
133), of potassium diohromate and sulphuric acid 
(Stadeler, J. 1859, ,329),*of metallic catalysers 
(Bouvoault, Bull. Soc. chim. 1908, 3, 117 ; 
Sabatier and Seiulcrcns, Compt. rend. 136, 738), 
or when alcohol is passed through an iron tube 
heated to 710‘’-750° (IpaM, Ber. 34, 696). 

According to Lang (J. Boo. Chem. Ind. 22, 
671), the most useful oxidising agents for 
converting alcohol to aldehydoAre the manganic 
salts. When prepared by Liebig’s method, 

2 parts of 80 p.c. alcohol are heated with 

3 parts of majiganese dioxide, 3 parts of 
sulphuric acid, and 2 parts of water, and 
the distillation carried on until the distillate 
begins to show an acid reaction ; this point 
is reached when about tlpjee parts have col- 
lected in the well- cooled receiver. The dis- 
tillate containing alcohol, acetal and ethereal 
salts is then distilled with an equal weight of 
calcium chloride, and 1 J parts collected ; this is 
again rectified with an equal weight of calcium 
chloride and | part distilled over. The product 
so obtained is nearly anhydrous, but still contains 
alcohol and small quantities of ethereal salts ; 
to free it from these, it is dissolved in 2 vols. of 
ether, saturated with ammonia in the cold, and 
the aldehyde-ammonia which separates is col- 
lected, dissolved in water, distilled with dilute 
sulphuric acid in a water bath, and the distillate 
rendered anhydrous by rectification over calcium 
chloride at as low a temperature os possible. 

Improved methods and apparatus for oxi- 
dising alcohol into ejdehyde are described by 
Boult, Eng. Bat. 3998, 1896 ; J.» Soc. Chem. 
Ind. 16, 668 ; Eournior, Eng. Pat. 7887, 1897 ; 
J. Soc. Ohi'in. Ind. 16, 696. 

Ethylene oxide (CH2)20 (the anhydride of 
glycol) yields acetaldehyde on heating (Nef, 
Annalen, 336, 201), particularly in presence of 
aluminium oxide at 2^)0° C. (Ipatieff and Leonto- 
witech, Bor. 36, 2017). 

It is also produced by treating ethylene 
glycol with Fenton’s reagent, or by treating 
ethylene diamine with nitrous acid (Neuberg 
and Rewald, Biochem. Zeitsch. 67, 127), and 
from pyruvic acid by heating to 160° C. with 
dilute sulphuric acid (Beilstein and Wiegand, 
Ber. 17, 841) 

CH,CO-COOH = CH,-CHO+CO, ‘ 

A process claimed by the Fabrique de Pro- 
duits de Chimie Org. de Loire (Eng. Pat. 5633, 
1913) consists in heating ethyl Wide with 
hojmmethylenetetramine or fomaldehyde and 
ammonia. 

Various aliphatic acids, suoh as succinic, 
glyceric, maleic, fumaric, tartaric, crotonio, &c., 
yield acetaldehyde on treatment with Fenton’s 
reagent in sunlight (Neuberg, Biochem. Zeitsch. 
67, 50) Behrens (D. R. P. 276764) describes 
the production of acetaldehyde by mixing the 
gases obtained by distilling coal, wood, turL &c., 
with 6-6 p.c. of carbon dioxide and heating the 
mixture for some tfane. Snelling (U. S. Pat. 

1 124347^ claims the production of Weh;^e by 
passing the vapour of ethyl alcohol into a porous 
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earthenware tube, which may be lined with 
platinum or palladium, heated to about 800°, and 
drawing oS the hydrogen produced in the reaction 
which diffuses through the walls of the tube ; 
the emoval of the hydrogen allows the reaction 
to proceed more nearly to completion. 

The most convenient laboratory method is 
that of Sabatier and Sendeiens (he.), bypassing 
alcohol vapour over metallic copper heated to 
about 300° C. (c/. also Eng. Pat. 17260, 1011). 
Aldehyde is also formed to some extent by 
heating charcoal, saturated with acetylene, to 
360° C. with tvator (Degrez, Ann. Chiln. Phys<* 
17] 3, 216). 

Commercially, aldehyde can be obtained 
from the ‘ first "runnings ’ of the alcohol stills. 
A special form of still in which the se})a ration 
of aldehyde from alcohol is brought about during 
the rectification of the latter is figured and 
described by Calland (Dingl. poly. J. 26! 226). 

Production from Acetylnic . — Within the last 
few years the commercial production of acet- 
aldehyde from acetylene has become iiicroasingl y 
important, thereby offering new routes for the 
production of ethyl alcohol, acetic acid, acetone, 
and so on. 

This process depends on the discovery of 
Kutscherow (Ber. 14, 1540; 17, 13), that in 
the presence of mercury salts, such as mercuric 
chloride, acting as catalysts, acetylene reacts 
with water to give acetaldehyde : 

CHiCH+HjO-CHaCIlO 

This result appears to bo duo to the inter- 
mediate formation of a compound 

(ClHglaiC-CHO 

(triohlormercuriaoetaldohyde), which is split up 
by water to form mercuric chloride and acetalde- 
hyde (Kutscherow, l.c . ; 42, 2750 ; Keiser, 
Amer. Chem. J, 15 537 ; Biginelli, C’hem. Zentr. 
1898, i. 920; Hofmann, Bor. 31, 2212, 2783; 
32, 874 ; 37, 4459 ; 38, 603 ; Hofmann and 
Kirmreuther, Ber. 41, 314 ; 42,4232; Biltz and 
Mumm, Ber. 37, 4417; 38, 133; Annalen, 
404, 219 ; Brame, Trans. Chem. Soc. 87, 427 ; 
Erdmann and Kothner, Zeitsch. aiiorg. Cheni. 
18, 48 ; B^hal, Ann. Chim. Pliys. (OJ 15, 267). 

Aocordinff to Hofmann (he.) the compound 
formed has the structure : 

Cl-Hg/\/\ci 

‘ Hg 

and is formed by the addition of two molecules 
of mercuric chloride to one of mercuric carbide 
HgCg, which is then split up by water : 

(CaHg), : C— C : Clg+ 2 HC 1 +H ,0 , 

\/ «3HgCl,4-CH,CHO 

Hg 



The first English patent dealing with the 
matter is by the Chem, Fab. Griesheim Elektron 
(Bog. Pat. 29073, 1910), according to which alde- 
hyde- and its pol3rmeri3ation, products, such as 
paraldehyde and orotonic aldehyde, are produced 
by the reaction of aoetylraetwith a solution of a 
mercqyy salt in an organic or inorganid acid at 
a bemj^eiature below 70° C, Such suitable aci||a 


are sulphuric, phosphoric, acetic, ohloraoetic, &c., 
the use of 45 p.c. sulphuiio acid mixed with 
mercuric oxide is also recomuLcnded at tempera- 
tures below 70°. The Consortium f. Elektroohe- 
mische Industrie (Eng. Pat. 6000, 1913) describe 
a modification consisting in passing acetylene 
through sulphuric acid solutions of mercury 
oxides containing not more than 60 parts SOj 
in 1000 parts of water, and working at tempera- 
tures over 70° C. The aldehyde formed chstils 
off, and mercury is depositea at the bottom of 
the liquid ; the patent- also describes an electro- 
lytic process for reoxidising the mercury which 
i.s gradually deposited by reduction during the 
process. The same firm later (Eng. Pat. 16848, 
1913) (!]aim a process in which an excess of 
acetylene is passed through the catalytic solution, 
the aldehyde formed is carried away in the gas 
stream, from which it is then removed, and the 
acetylene passed back to the catalyst. 

Bayer & Co. (Eng. I’at. 6527, 1914), (void) 
claim a process similar to the foregoing, but in 
which the sulphuric acid is replaced by an organic 
sulphonic acid, such as the sulphonic acids of 
benzene, o-ehlorphenol, naphthalene, or the 
corresponding di- or t i sulphonic acids, kc. 
The chief purpose of using such acids is to avoid 
the condensation and polymerisation of thef 
acetaldehyde caused by prolonged action of 
stronger acids, such as s.^lphuric. 

(!hem. Fab. Griosheim Elektron (Eng. Pat. 
1566)9, 1914) describe the use of a 20-36 p.c. 
acid mixed with a mercury salt, the temperature 
being kept below the boiling-point of the acid ; 
sulphurio, phosphoric, or organic sulphonic 
acids are spocified as suitable, 

G. Boitcaii (Eng. Pal . 15919, 1914), in dealing 
with the production of a catalytic liquid, pro- 
duced by dissolving a mercuric salt in a suitable 
solvent and then forming the sulphate in situ 
by the addition of sulphurio acid, is ohifefly 
concerned with the production of ethylidene 
diacetate. 

A further improvement claimed by the Con- 
8ortium(Eng. Pat. 16957, 1914) consists in passing 
an excess of acetylene through a hot solution 
containing mercury compoun(£ and so adjusting 
the conditions that a state of thermal equilibrium 
is approximately attained. This is carried out 
by adjusting the rate of flow of the gas and the 
temperature of the reaction vessel, so that the 
lieat evolved by the reaction is balanced by 
the heat lost by evaporation of water and by 
addition of fresh water to keep the volume of 
liquid constant; the reaction may be carried 
out in thermally insulated vessels surrounded by 
a water jacket ; a temperature of 80’ is said 
to be suitable, using sulphurio acid of 6-36 p.c. 
strength. 

H. W. Matheson, of the Canadian Electro- 
products , Company, describes a process which 
consists in passing acetylene in excess into 
sulphuric acid of 6 p.c. strength containinff 
mercuric oxide in suspension, at 40-66° C* and 
at pressures varying from atmospheric to 3-4 lbs. 
above: the process is -made continuous by the 
periodic addition of the necessary amounts of 
water, acid and mercuric oxide. (Eng. Pat. 
132657.) 

To overcome tlie difficulty caused by the 
gradual separation of mercury as a heavy sludge^ 
which is difficult to deal with, Meister, lAtcius, 
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and Briining {Eng. Pat. 24163, 1914) suggest the 
introduction of suitable oxidis^ agents to the 
reaction liquid, sifch as ferric salts, chromic 
acii or chromates, to prevent the separation of 
metallic mercury (cf. U.S. Pat. 1151928, 1161929; 
D. R. P. 293070). 

A method for overcoming this trouble is 
given by T. P. Hilditch and J. Crosfield and 
Sons consisting in the periodic addition of small 
amounts of suitable oxidising agents such as 
manganates, permanganates or hydrogen per- 
oxide to reoxidiso the sludge to mercuric oxide. 
(Eng. Pats. 124702, 125926.) Lead peroxide, 
ceric oxide and manganese dioxide are also 
claimed (Kng. Pat. 131086). 

The Consortium (Eng. Pat. 5132, 1915) state 
that satisfactory results are obtained by the 
use of solvents, such as glacial acetic acid, mixed 
or not with vinyl acetate, ethylidene diacetate, 
&c., in the presence of mercuric oxide and 
strong acids ; water is added in the theoretical 
proportions and the temperature kept at 80°- 
1X)“. The use of iron or nickel apparatus is also 
suggested. 

The diftioulty caused by the formation of 
the mercury sludge is also discussed by theChem. 
Fab. Griesheim Elektron(Eng. Pat. 10140, 1916), 
who claim the recovery of the mercury by 
carbonising the residue by heat, or by mixing 
the sludge with caustlti soda And electro- 
lysing. 

The Soc. Chem. Tnd. in Basle regenerate the 
catalyst by electrolysis in presence of a suitable 
oxygen-carrier such as an iron salt (Eng. Pat. 
130138). 

H. Dreyfus (Eng. Pat. 105064), in a somewhat 
lengthy claim, states that the production of 
acetaldehyde is conveniently carried out by 
observing one or more of the following condi- 
tionei,; — 

(1) Sulphuric acid is employed of 6-20 p.c. 
(2) Less than 20 p.c. of mercury compounds are 
used. (3) The temperature is kept below 60'^ C. 
(4) The acetylene is rapidly introduced in such 
quantity that it is all absorbed. (6) The 
acetylene is at first introduced slowly until all 
the mercury compound becomes grey or greyish- 
black. (6) After a quantity of aldehyde has 
been formed the introduction of acetylene is 
stopped and the temperature raised to distil off 
the aldehyde, after which the temperature is 
again lowered and more acetylene introduced. 
(7) The acetylene is previously purified from 
sulphuretted hydrogen, phosphine, ammonia, 
Ac. (8) Water is added throughout the reaction 
to keep the percentage of acid constant. (9) 
The absorbing solution is first heated up to 
dissolve all the mercuiy compounds and then 
cooled to the temperature suitable for the re- 
action. (10) The mixture of gas and liquid is 
strongly agitated, and the acetylene te intro- 
duced under s^ht pressure ; in place of sulphuric 
acid other acids, such as benzene sulphonic acid 
or pho^horio acid, may be used. The aldehyde 
may be removed from the solution by evacuation 
or hy solvents such as acetylene or ethylene 
chlorides or benzene, instead of by distillation. 
The mercury residue may be regenerated by 
treatment with suitable oxidising agents; the 
process may be carried out in l^-uned appa- 
ratus, ths surface of which is previously coated 

with JL liLvAT nf \MtA rtr iiwn A.rmA.i'atnH 


lined with acid resisting plates or earthenware 
may be used. The use of suitable heating and 
cooling pipes is also described. The same 
inventor, in a patent of addition to the above 
(Eng. Pat. 106483), claims a modification of the 
principal process, using sulphuric acid of over 
20 p.c. strength and extfacting the aldehyde 
by means of a solvent such as derivatives of 
acetylene, ethylene, or benzene, 

Dreyfus also claims the use of iron-silicon 
alloy vessels for the process, which are resistant 
to hot dilute sulphuric acid ind to the action of 
mercury (Eng. Pat. 1 16899^ 

In Eng. Pat. 107684, the Dejjtschc Gold and 
Silbcr Scheide Anstalt descrioe a distinctly 
different process, consisting in passing a mixture 
of acetylene and steam over contact agents, 
such as molybdie acid on asbestos, at high 
temperatures ; somewhat similar is the proposal 
of Chemische'Fabrik Rhonania (Eng. Pat. 109983), 
to pass acetylene and steam over bog-iron ore 
at 4()0°-420° ; in place of bog-iron ore, hydrated 
iron oxide, bauxite, hydrated aluminium silicates, 
or compounds of copper, nickel, cobalt, manga- 
nese, chromium,. cerium, or vanadium may be 
used. (('J. also Kng. Pat. 107585.) 

Of latef developments we may note that 
Hibbcrt and Morton (U.S. Pats. 121.3486 ; 
1213487; 1247270; Can. Pats. 181656 ; 181656; 
181657) recommend the introduction into the 
catalytic mercury solution of a salt of a weak 
acid, specifically a borate ; the absorption of 
the acetylene and the distillation of the acetalde- 
hyde is said to be more rapid and complete, and 
the tendency to the formation of undesirable 
by-products is said to bo greatly reduced. They 
also claim the use of several catalytic baths 
arranged in scries so • that the vapours pass 
through them all in suefeession. 

The Comp, des Produits chim. d'Alais, In 
Eng. Pat. 130()50, describe the production of 
acetaldehyde from acetylene in an apparatus in 
which the reaction liquid is subjected con- 
tinuously to a vacuum so as to remove the 
aldehyde as formed. * 

As actually carried out on the large scale at 
the Mhawinigan works of the Canadian Electro- 
products Co., acetylene gas is led into dilute 
sulphuric acid containing mercuric oxide in 
suspension, the oxide being led in continuously 
anti the acetaldehyde removed by the large 
excess of acetylene used ; the requisite oxide is 
prepared by electrolysing mercury in large cast- 
iron pots 6 ft. in diameter and 15 ins. high, 
using the mercury as the anode and dilute 
caustic soda as the electrolyte, (Can. Chem. 
J. III. 260 (1919).) 

Substituted acetaldehydes applicable to per- 
furaeijv can be obtained by condensing a ketone 
with a halogen or amino substituted acetic ester 
in the presence of sodium. The o-hydroxy- 
acrylic ester thus obtained is saponified and 
decomposed by heat or distillation under reduced 
pressure ( J. Soc. Chem. Ind. 23, 455). 

Propertifs . — ^Aldehyde is a colourless liquid 
b.p. 20’8°, m.p. ~120'7°, and sp.gr. 0*80092 
at 0^ (Kopp, Aimalen, 64, 214) ; 0-79609 at 10% 
0-79138 at 13% 0-78761 at 16^ (Perkin, Chem. 
Soc. Traw. 46, 475).-* It has an extremely 
pungent suffocating odour; it is very infl^- 
mable, am^ bums with a feebly lumirous 
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It is soluble in all proportions in alcohol, 
ether, and water, and is separated from the 
ueous Solution as an ethereal layer on 
dition of calcium chloride. It po.ssibly forms 
an addition compound with water 

CHa-CHO+H^O = CHa*CH(OH), 

(aldehydrol ; ethylidene glycol) (Ramsay and 
Young, Trans. Roy. 800. 1886, i. 117 ; Perkin, 
Trans. Ohem. Soc. 61, 815 ; Binot and Pickering, 
ibid. 71, 774 ; Homfray, ibid. 87, 913 ; CoUes, 
ibid. 89, 124,9). 2.Vhen heated with aqueous 
soda, potash, or barium hydroxide, so-called 
aldehyde resin is dbtained as a brown mass 
(Liebig, Ic. ; T/eidenbusch, Ann&len, 60, J63; 
Ledorer, Monatsh. 22, 636). Sodium amalgam 
converts aldehyde into ethyl alcohol, a small 
quantity of j8-butyleneglycel, which is also 
formed by the action of inagiicsium amalgam 
(Meunier, Compt. rend, 134, 473 ; Tistschenko 
and GrigoreefF, J. Russ. Phys. Chera. Soc. 38, 
640; Voronkoff, ibid. 38, 647), being formed 
simultaneously (Kekul6, Annalon, 102, 310). 
With sodium, acetaldehyde reacts v iolently, 
producing the compound CH2 : CH'ONa, which 
rapidly polymerises to a broWn substance, 
whilst if the reaction takes place in presence 
of benzoyl chloride in ethereal Solution aldo- 
hydoaldolbenzoate OisHigO., m.p. 80° 87’, is 
formed (Freer, Amor, Chem. J. 18, 662 ; Annalen, 
293, 326). Phosphorus pentachlorido reacts 
with it, yielding ethylidene dichlorido (Geuther, 
Annalen, 105, 323). With potaapium cyanide 
alanine and a-imino dipropionic acid are 
formed (Franzen and Ryser, J. p.f. Chom. 88, 
293). 

Reduction of Aldehyde . — In presence of 
reduced nickel hydrogen reduces aldehyde 
to ethyl alcohol, a ^ood yield and pure 
product being obtained (Sabatier and Senderens, 
Compt. rend. 137, 301). Modihcations of 
this process have been worked out and 
patented. Thus, H. Dreyfus (Eng. Pat. 108850) 
describes the production of ethyl alcohol by 
the action of hydrogen on acetaldehyde in the 
presence of suitable catalysts such as platinum, 
platinised asbestos, copper, iron, chromium, 
nickel, cerium, uranium, vanadium, and their 
oxides, &c. The reaction is carried out by 
passing the mixture of hydrogen and aldehyde 
vapour through reaction vessels or tubes at 
temperatures ranging from the boilmg-p(unt of 
aldehyde to 400° u., and condensing the product. 
The Elektrizitats Werke Lonza (Swiss Pat. 
74129, 1917) claim the production of alcohol by 
assing aldehyde vapour and a large excess of 
ydrogen over a heated catalyst (Eng. Pat. 
1201^ ; f/. also 128929). It is understood 
that the last-named firm has been granted 
a conoession from the Swiss Governmfnt to 
manufacture 7000 tons of alcohol a year from 
calcium carbide at their works at Visp in the 
Rhone Valley, and are to supply not less 
than 2600 tons alcohol to the Government 
J. Ind. and Eng. Ohem. 1917, 903). An 
acetic acid factory is also being constructed at 
Waiis. 

For the production oi one ton of alcohol by 
this process about one ton calcium carbide is 
necessary, and 500 cubic metres of hydrogen ; 
thit former requires some 8000 kw. *hours and 
the latter about 3000 kw, hours, in addition 


each ton alcohol requires 2600 kg. of ooal 
and 4000 kg. limestone (Chem. Ind. 1917, 
336). * 

Oxidation of Aldehyde . — With potassium 
permanganate, acetic acid is formed, but in 
1 presence of excess of potash, oxalio and carbonic 
acids are also formed (Denis, Amer. Chem. J. 
38, 661). 

It has been found possible to oxidise acetalde- 
hyde on a commercial scale by means of oxygen 
or air in the presence of a suitable catalyst. 
The various patented processes may be divided 
into two classes : — 

(1) Where air or oxygen is passed into the 
liquid aldehyde oontaimng a dissoKed catalyst. 

(2) Where the two substances are passed 
over a heated catalyst. 

(1) The Consortium f. Eloktrochemische In- 
dustrie (Eng. Pat. 16849, 1913) claim the produc- 
tion of per- acetic acid by treating acetaldehyde 
with oxygen at a low temperature, preferably 
with the exclusion of injurious impurities, such 
as water and manganese compounds. The 
reaction is said to be facilitatoil % the use of 
chemically active rays. On allowing per-acetic 
acid obtained from acetaldehyde to attain the 
room temperature it is decomposed by the 
remaining aldehyde into acetic acid. ’ 

(From this it would seem possible that in 
the various ^jrocessc8#,iext to be described, the 
first stage in the production of acetic acid is 
the addition of oxygen to form per-acotio acid 
CH3'CH0-f0a--^CH3'(!fI0’0.j, which then reacts 
with acetaldehyde, yielding acetic acid : 

CH3-CH0-0,+CH3-CH0-2CIIaC00H.) 

The same patentees next described (Eng. Pat. 
1701(), 1913) the production of acetic acid by 
oxidising aldehyde by means of air or oxygen 
in the presence of a manganese compound acting 
as a catalyst. The catalyst is preferably 
employed in' the dissolved or colloidal condition 
which may be prepared by introducing per- 
manganates into the aldehyde when reduction 
takes place to a catalytically active brown 
liquid. 

In Eng. Pat. 17018, 1913, the Consortium 
describe a modification of Eng. Pat. 16849, 1913, 
consisting in obtaining per-acids by adding 
certain metal salts, other than manganese com- 
pounds, such as compounds of chromium, 
cobalt, iron, uranium, and vanadium. The use 
of ferric acetate is claimed by Th. Dreyfus in 
Eng. Pat. 130035. 

A further modification of Eng Pat. 17016, 
1913, is claimed by the Consortium (Eng. Pat 
7418, 1914), consisting in substituting for per- 
manganates the formate, acetate, butyrate, 
benzoate, lactate, or *other organic salt of 
manganese. 

Meijter Lucius andBriining (Eng. Pat. 10377, 
1914) assert that greatly improved results are 
obtamed by passing in the air or oxygen under 
pressure ; thus, wr instance, oxygen at a 
pressure of two^ atmospheres is passed into 
acetaldehyde containing 1 p.c. by weight of 
ceric oxide ; the temperature rises to 60°-60°, 
and cooling is necessary. Yields up to 96 p.c. 
are claimed; as catalysts are mentioned also 
ferric oxide, vanadium pentoxide, o^oimum 
oxide, and platinum black. A table is giveu> 
showing the infiuence of pressure ; — • 
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AoBHo Aoid obtained p.o. or Theorhioal 
Yield. 

• 

WltJi With pressure 

XT'lth catalyst. pressure, and catalyst. 

After 1 hour, 4 p.o. 5 p.o. 35 p.c. 

After 6 hours, 16 p.o. 20 p.o. 96 p.c. 

A somewhat different process is given in 
Eng. Pat. 14113, 1914, by the Chemische Fabrik 
Griesheim Elektron, consisting in manufacturing 
acetic acid by passing acetylene and oxygen 
alternately or simultaneously into acetic, 
chloracetic, lactic, or other organic acid con- 
taining water, to which has been added a mer- 
cury coinpoiftid with or without the addition of 
bisulphate, sulphuric acid, (fee. Aldehyde is 
lirst formed when passing in acetylene, and is 
then oxidised to acetic acid by* the oxygen 
subsequently introduced. Tins proceeding sounds, 
however, somewhat dangerous, and is probably 
less easily controlled than the others. The 
B.A.S.F. claim a process for carrying out the 
oxidation by means of air or oxygon in presence 
of iron compounds and organic salts of alkalis 
and alkaline eartlis, including magnesium and 
aluminium (I). K. P. 294724). 

(2) The second method is described by the 
Chem. Fab. Griesheim Elektron ( Eng. Pat. 17424, 
1911), and consists in adding acetic acid, chlor- 
acotic acid, or acetic anhfydnd(? lo^he aldehyde 
before the commencement of the oxidation. A 
catalyst such as vanadium pentoxido, uranium 
oxide, or roasted ferrosoferric oxide, Fe 304 , 
facilitates the reaction. The process may be 
conducted in tubes or towers, (fee., packed with 
glass or clay. In an addition to this patent 
(8076, 1012) an improvement is claimea con- 
sisting in treating small quantities of aldehyde 
with oxysen in vessels, tubes, towers, (fee., until 
the greater part is oxidised to acetic acid, and 
then adding further quantities of aldehyde and 
passing a stronger current of oxygen, whereby 
oxidation proceeds rapidly. The process may 
be accelerated by the addition of a catalyst, such 
as those already mentioned. 

H. Dreyfus (Eng. Pal . 106066) claims the pro- 
duction of acetic acid by passing a mixture of 
aldehyde vapour with air or oxygen through 
vessels or tubes containing contact substances, 
such as platinised asbestos, preferably at a 
temperature above the boiling-point of acetic 
acid; the mixture of aldehyde vapour and air 
or oxygon may be preheated to a suitable 
temperature before entering the contact appa- 
ratus ; the heat of the gases issuing from the 
contact apparatus may be utilised for this 
purpose, tne process being carried out in appa- 
ratus similar to that employed in the manu- 
facture of sulphuric anhydride by the contact 
process. 

The same inventor in a later patent (Eng. 
Pat. 108469) describes a further modification of 
the previous process consisting in oxidising acet- 
^ aldehyde by means of air or oxygen at temper- 
atures of 160 ®t 260° C. either in presence or 
absenoe of a catalyst. Suitable catalysts are 
stated to be ; platinum, copper, copper oxide, 
chromium oxide, uranium oxide, vanadium 
oxide, cerium oxide, iron, pumice, &c. The 
gases ore preferably caused to travel through a 
long path m the reaction apparatus, and the air 
emplo 3 red is preferably in excess of the theoretical 


amount. Further improvements given in Eng. 
Pat. 110645, by the same patentee, are chiefly 
concerned with minor details ; thus the mixture 
of aldehyde vapour and air may be obtained by 
passing air through liquid aldehyde and passing 
the mixture into the reaction chamber ; or 
liquid aldehyde may be vijporised by a current 
of air in the bottom of the reaction chamber 
itself, the latter being provided with suitable 
agitators. The temperature of the liquid 
aldehyde or of the air may be regulated so as to 
control the composition of thfi mixture of vapour 
and gas, or the liquid aldelyyde may be suitably 
diluted, say, with acetic acid for the same 
purpose. ThS ^quid acetic acief^ormed collects 
in a suitable part of the apparatus and flows 
away, while the issuing gas containing aldehyde 
may be treated again, or the contained aldehyde 
may be recovered and re-used (cf. Fr. Pat. 
479656, and additions 20201, 20202). 

In Eng. Pat. 116279, S. Utheim claims the 
production of acetic acid from aldehyde by the 
action of oxygen under pressure, the aldehyde 
being 8uppli('d to the oxygen in a confined space 
in limited quantities, e.g. in a number of narrow 
tubes with suitable cooling. Whilst the Comp. 
dc3 Prod. chim. d’Alais describe the oxidation 
as taking place in suitable towers by means of 
air or oxygen in absence of a catalyst, the 
product being heated continuously to destroy 
any peracetic acid forme d (Eng. Pat. 130661). 

The process described in Eng. Pat. 109983 by 
the Chemische Fabrik Rhenania falls into a 
somewhat different category, as it deals with the 
direct production of acetic Acid from acetylene 
by passing the latter, mixed with steam, over 
partially reduced bog iron-ore ; the process 
does not, however, appear to bo of much import- 
ance owing to the poorVicld. 

Hibbert (IhS. Pat. 1230899 ; Can.:?at. 178237) 
recommends the use of wood charcoal previously 
saturated with strong acetic acid to promote 
the reaction between acetaldehyde and oxygen, 
using it as a packing for towers through which 
the mixture is passei^ A 90 p.c. yidd of 70 
p.c. acid is obtained, working at 46® C. 

W. H. Matheson, of the Canadian Electro- 
products Co., Shawinigan Fall, Quebec, states 
that the oxidation process carried out at these 
works is done in aluminium vessels, as copper, 
iron, etc , are unsuitable and have led to violent 
explosions (Can. Chem. Jour. III. 260 (1919). 
Those works manufactured synthetic acetone and 
acetic acid for the British Government during 
the war, and from Nov., 1917, to Nov., 1919, 
Bboat 10,000 tons glacial acetic acid were 
shipped to England, cLiefly for the manufacture 
of acetylcellulose for aeroplane dope; at the 
time gf the Armistice (Nov. 11, 1919), the plant 
had been enlarged to produce about 1600 tons 
per month at a total capital cost of about 
£800,000. According to A. F. Cadenheod (Can. 
Chem. Jour. III., 268 (1919)), one ton of carbide 
produces on an average about half a ton of 
acetic acid. 

When subjected to electrolysis in faintly 
alkaline or neutral solution It is decomposed into 
alcohol aiid acetic odSds (Slahoszewicz, Chem. 
Zentr. 19P3, L 279; Law, Chem. Soc. Trans. 
1906, 1981; Jackson and Laurie, ibid. 1906, 
166), whll^ when heated alone to high temj^ra* 
tures carbon monoxide and methane are the 
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chief products (Bone and Smith, Ohem. Soo. 
Trans. 1906, 910 j Ipatieff, Chem. Zentr. 1906, 
ii. 87 ; Nef, Ann. 318, 198). Action of silent 
electric discharge (c/. Besson and Fournier, 
Gompt, rend. 160, 1238). Action of ultra-violet 
rays (Berthelot and Gaudechon, Compt. rend. 
m, 233). * 

Acetaldehyde and its dimethyl derivative 
have antiseptic properties (Coblenz, J. Soc. 
Chem. Ind. 17, 728; Pasqualis, Chem. Zentr' 
1897, ii. 10, 12). It is also useful in photo- 

« developin|^ (Seyewetz, Bull, Soc. chim. 

134), and ^the vapour or solution in 
alcohol or benzene slowly hardens dry gelatine 
films (Beokmedm, Chem. Zonti^*189G, ii. 930; 
D. R. P. 116446 ; 116800). 

Production of synthetic rubber indirectly 
from aldehyde, Dubosd: (Caoutchouc et ' 
Gutta Perclia, 9, 6608, 6713). In presence of 
alumina at 400° isopropyl ah^obol condenses 
with aUehyde to give a good yield of piperylonc 
(Ostromisslensky, J. Russ. I’hys. t'hem. Soc. 
47, 1607). By passing aldehyde and alcohol 
vapours over heated catalysts, such as alumina, 
phosphoric acid, &c,, butadiene is formed 
(Ostromisslensky, J. Ru.s8. Phys. Chem Soc. 
47, 1494, 1609). Precipitated alumina is 

specially noted as, heated to 369°-460°, a 
16-18 p.o. yield of pure erythrene is obtained. 

Alaehyde readily polymerises m the presence 
of small quantities of various substances, such 
as sulphuric acid, phosgene, zinc chloride, 
hydrogen chloride, sulphur dioxide, the halogens, 
particularly iodine, &c., and two compounds 
are obtained the relative quantities of which 
depend upon the temperature; the chief pro- 
duct being rnetaldehyde (CjJI^Ols (Hanriot and 
Oeconomiaes, Ann. Chem. Phys. [5) 26, 227 ; 
McIntosh, Chem. So6. Trans. 1905, 790 ; 
Zecchini, Llazz. chim. ital. 22, ii. 680), when 
the action takes place in a freezing mixture ; 
and the isomeric paraldehydf (elaldehyde) when 
it occurs at the ordinary temperature. 

PamldeJiyde (C 2 H 40 )g is prepared from 
acetaldehyde by the addition of a drop of con- 
centrated sulphuric acid, the liquid boiling up 
at onoe with almost explosive violence ; the 
product can be purified either by freezing out 
below 0° and removing the liquid portion, or 
by washing with a little dilute sodium carbonate 
solution, d^ing over calcium chloride and 
ritatifying (Fehlmg, Annalen, 27, 319 ; Werden- 
busch, wtd. 66, 156; Geuther and Cartmell, 
« ibid, 112, 17; Geuther, Zeitsch. f. Chemie, 
1866, 32; Lieben, Annalen, Suppl. 1, 114 
1861-2 ; Kekul6 & Zincke, Annalen, 162, 143 ; 
Brtihl, ibid. 203, 26, 43 ; Franchimont, Rec. 
trav. chim. 1, 239 ; Dosgrez, Bull. Soc. chim. 
11, [3], 362; Wac^ausen, Chem. Zentr^l897, 
1, 493 ; Ciamician and Silber, Ber. 36, 1080). 
Polymerisation is also caused by halpgeii 
hydracids (Macintosh, J. Amer. Chem. Soc. 

688). In the latter case addition products 
are formed, e.g. (CjH4())j'3H(,3, m.p. ~1S°; 
(C,H 40 )g' 3 HBr, m.p. - 15°; (CaH 40 ),' 3 HI, 
lifuid l^low —32°, Paraldehyde is a clear 
mobile colourless liquid of plea.sant odour and 
sheurp taste, b.p. 1^°, D,(, 0-994, ni.p. I2'5°. 

, It possesses the same molecular wei^it also in 
( the vapour phase, and in solution (Patem and 
%Iliini, Ber. 19, 2629; Carrara apd Terrari, 
Oazz. ehim. ital. 36, i. 426). It is sparingly 
» * soluble in w%ter, lOO vols. water at 13° di^lv^ 


12 parts paraldehyde, the solubility diminishii^ 
on warming ; it does not show the characteristic 
aldehyde reactions ; thus it does not reduce 
ammoniacal silver nitrate, does not resinify on 
heating with aqueous potash, and does not 
unite with ammonia or bisulphites ; its formula 
is therefore assumed to be : 

0-CH^CHg 
CHg'CH/ >0 

^O-CH-CHj 

On warming with a little sulphuric acid it is 
readily depolymerised completely |jnto ordinary 
aldehyde ; many other reagents also produce 
the same effect ; it may also occur on very long 
standing (Troeger, Ber. 25, 3317). Owing to 
the ease of depolymorisation paraldehyde is 
frequently made use of in place of aldehyde for 
many reactions where the monomolecular form 
is inconvenient to use owing to its low boiling- 
point. 

Thus it condenses with diacetoneamine to 
form vinyldiacetonoamine (E. Fischer, Ber. 17, 
1793; C. Barries, Ber, 29, 522); with aniline 
to form quinaldine (D. R. P. 24317 ; 28217 ; 
35133; Eng. Pat. 956, 1883; 4207, 1883), and 
with hydroxyquinol to form yellow dyes (Lieber- ’ 
mann and Lendenbaum, Ber. 37, 1171, 2728). 

Paraldel^de sets* free iodine from alkali 
iodides (Wachhausen, Chem. Zentr. 1897, i. 
493). It is not attacked by pure nitric acid, 
but is readily oxidised if nitrous acid be present 
(Behrens and Schmitz, Annalen, 277, 313, 335). 

Smits and de Lceuw assume the existence of 
an oquihbrium of a pseudo- ternary system of 
aldehyde-motaldehyde-paraldehyde, the values 
for the different components varying according 
to the catalyst (Smits and de Leeuw, K. Akad. 
Wctenschapen, 1910, 318; Amer, Chem. Abstr. 
1011, 1862; Zeitsch. physiol. Chem. 77, 268). 
Paraldehyde is used to some extent as a sopo- 
rific. 

Mdaldehyde crystallises in needles or tetra- 
gonal prisms, sublimes without previous fusion 
at 112-116°, and wlien boated in sealed tubes 
at 120° is entirely reconverted into ordinary 
aldehyde (Friodcl, Bull. Soc. chim. 9, (3) 384). 
According to Troeger (Ber. 25, 3316), after 
standing for ten years a sample was converted 
into aldehyde and paraldehyde, but according 
to Hantzsch and Oechslin (Ber. 40, 4341), 
metacetaldehyde is not isomeric with paracet- 
aldehydo, and is quite stable when pure. 
Orndorif and White (Amer. Chem. J. 16, 43) 
state that when it is allowed to stand for 
some time the metaldehyde is converted into 
tetraldehyde (CgH^O)*-* 

Neither polymeride is resinised by aqueous 
soda or potash, but in other reactions they 
beliavc^enerally as ordinary aldehyde and yield 
similar products (Kekul6 and Zincke). 

Formation of Acetic A’sfcr.— Another im- 
portant change of the nature of polymerisation 
takes place under certain conditions, causing 
the formation of acetic -ester in excellent yield. 

Tiselitschenko (J. Russ. Phys. Chem. Soc. 
38, 398-418 ; Chem. Zentr. 1906, ii. 1309, 1^62) 
proposes the following method of wOrkW; 
Acetaldehyde is cooIm down to —20° C., 
unenished aluminium ethylate is added, and 
I the mixture allowed to stand for se^'«|ai da^ 

> or weeks. On the basis experimeati m 



decided that the yield of acetic ester increaaes 
with the amount of alcoholate added but only 
to a certain mazinium limit, namely 69*1 p.c. 
of ester (using 15 p.o. of aluminium ethylate), 
and that it is necessary to use the alcoholate in 
lumps ; he also concluded that by using small 
quantities of the catalyst the yield of ester 
is lessened, with increased formation of by- 
products, and when only about 4 p.o. alcoholate 
is used the formation of by-products predomi- 
nates over the ester condensation. 

The Consortium f. Elektrochemische Indus- 
trie found later (Eng. Pat. 20826, 1913) that the 
various drawbacks could be overcome by adding 
to the aluminium alcoholate certain catalytic 
substances, such as tin ohlor-etiiylate, which 
are without catalytic activity themselves but 
increase the power of the alcoholate very 
greatly ; thus, in an example, 1 50 parts anliy- 
drous aldehyde wenj cooled down to 0° C., and 9 
partsof aluminium ethylate previously fused with 
10 p.c. of tin chlorethylate (from 20 parts tin 
tetrachloride and 14 parts absolute alcohol) were 
added during half an hour, with vigorous stirring 
and efficient cooling. After ten hours the odour 
of aldehyde had oisappoared and the product 
was distilled, 96 p.o. of almost pure acetic ester 
coming over between 74® C. and 80® C. A 
comparative experiment in which the stannic 
chlorethylate was omitte4 gave opjb a 19 p.c. 
yield. In Eng. Pat, 26820, 1913, by the same 
firm, a further improvement is claimed, using 
instead of anhydrous aluminium ethylate, the 
same body treated with a small quantity of 
water or with substances containing water, in 
particular aluminium hydroxide. In an example 
the following figures are given 

Yield of 

Kind of alcoholate. AI. content, ester. 

Untreated . . . . 17*7 p.c. 21 p.o. 

Fused With a little water 21*0 p.o. 87 p.c. 

Untreated . . . . 17*7 p.c. 23 p.c. 

Fused with Al(OH)g . 24*8 p.c. 85 p.o. 

The further improvements claimed in Eng. 
Pat. 4887, 1916 {idem.) consist in increasing the 
activiW of the catalyst by dissolving in the 
melted, alcoholate suitable substances such as 
dehydrated potash alum, dehydrated copper 
sulphate or camphor, or by supercooling the 
alcoholate, e.g. by melting and cooling rapidly 
by pouring into a solvent or on to a metal 
plate. Ethyl acetate is of special use as a 
solvent; the mixture of melted alcoholate and 
added substances mentioned above may also 
be dissolved in ethyl acetate; the solutions 
may be employed hot, or may be allowed to cool 
with partied separation of the alcoholate from 
solution. . 

Meister, Lucius and nriining describe (Eng. 
Pat. 1288, 1915) the production of acetic ester 
from aldehyde by means of aluminium alooholate, 
the latter being dissolved in a suitable organic 
solvent such as dry solvent naphtha. 

{Ahminitm AKohokUe . — The production of 
this catalyst is described by Farbw. v. Meister, 
Lucius, and pruning in D. B. P. 286596, and 
addition 293613, ana in 289157. According to 
those specifications aluminium ethoxide is 
obtained in good yield from aluminium and 
anhydrous fdoohol u, in presence or absence of 
halogen alkyls or iodine, small amounts of 
chloride are added as a catalyst ; other 
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'alcohols may be substituted for ethyl alcohol, 
yielding the corresponding alcoholates. 

Upon subsequent vacuum distillatioh for the 
purpose of purifying the crude product, the 
aluminium ethylate goes over rea!^y without 
bumping, solidifying to a snow-white mass, 
while mercury is not carried over with it. .Or 
the ethylate may bo distilled under atmospheric 
pressure without decomposition if the vapours 
are rapidly withdrawn from further super- 
heating. This may be effected by employing 
a low form of distilling vefsel whereby con- 
densation in the upper part of the vessel is 
prevented.) * 

Aldehyde in aqueous solution 
very readily reduces an ammoniacal solution of 
silver nitrate giving a bright metallic mirror. 
Acetaldehyde (and all aldehydes which are 
stable in aqueous soda solution) can be de- 
tected by adding to a solution of the suspected 
substance in dilute alkali a fresh sohi.tion of 
1 part of paradiazobenzenesulphonio acid in 
60 parts of water rendered alkalme with a little 
soda, and then some sodium amalgam ; if an 
aldehyde is present, a reddish-brown colour is 
developed after the mixture has stood for 10-20 
minutes (Pen/xildt and Fischer, Ber. 16, 657). 

A solution of rosaniline decolourised by sul- 
phurous acid (Villiers and Fovolle, Compt. rend. 
119, 76), or magenta bleached by sunlight (Blaser, 
Chem. Zentr. 1899, ii. 848), regains its original 
colour on addition of an aldehyde (Denig^s, 
Compt. rend. 160, 629). This reaction is due to 
the formation of coloured compounds by the 
condensation of the aldehyde and magenta 
(Urbain, Bull. Soc. chim. 1896, iii. 16, 466). 
With salts of wi-diamines aldehydes give coloured 
solutions with intense greenish fluorescence 
(Bitto, Frdl. 36, 369)? With sodium nitro- 
prusside and alkali, acetaldehyde gives a 
cherry-red colourat ion, whilst if tn-methylamine 
is first added a blue colour is produced (Bittoi 
Annalen, 267, 372 ; 269, 377 ; Denigfes, Bull. 
Soc. chim. 17, (3) 381 ; Simon, Compt. rend. 
125, 1106 ; Bull. Soc. chim. 19, (3) 297). Thio- 
semicarbazide mixed wififi an aldehyde in acetic, 
alcoholic, or aqueous solution yields character- 
istic thiosemicarbazones. Aoetaldehydethio* 
semicarbazone has m.p. 146° (Freund and Schan- 
der, Ber. 36, 2602). Fhenylbydrazone a-form, 
m.p. 98®-10r ; jS-form, m.p. 57° (Lookemann 
and Liesche, Annalen. 342, 14; Laws and 
Sidgwick, Trans. Chem. Soc. 99, 2085). 
Toschi and Angiolani (Gazz. ohim. ital. 46, 
i. 205) recommend the use of 4-4'-diphenyl- 
semicarbazide, the acetaldehyde derivative 
having m.p. 133° -134°. 

Other tests for aldehydes ore described by 
Ihl, Chem. Zeit. 14, 1671 ; Doebner, Ber. 27, 
362, Z020 ; Lumil*re and Seyewetz, Bull. Soo. 
chim. 19, (3) 134 ; Rimini, Atti Beal. Acad. 
Lincei, 1^1, 10, 355 ; Muroo, Compt. rend. 31, 
943 ; Riegler Frdl. 42, 168 ; Behrens, Chem. 
Zeit. 26, 1125; Sadtler, J. Soc. Chem, Ind. 
23, 387 ; Prud’homme, Bl. Soo. Ind, Mulhouse, 
1904, 74, 169 ; Leys, J, Phann. Chim. J906, 22, 
107 ; Auld and Hantzsoh, Ber. 38, 2677. 

Quantitative EdimfUim. — Cf. Rieter, Ohem. 
Zentr. 1896, ii. 368 ; , Rooques, Compt. rend, 
127, 626,* 764.; Seyewetz and Bardin, Bull. 
Soo. chim. [3] 33, 1000 ; Colles, Trans. Cltem. 
Soc. 89, 1249. Colorimetric estimation, Paul, 
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Zeitsch. I. anal. Chem. 35, G49: Tolmaa, J* 
Amer« Chem. Soo. 28, 1624; by means of 
pyrrole, iSobolev and Saleski, Zeitsch. physiol. 
Chem. 69, 441. Estimation in presence of 
paraldehyde, Richter, Pharm. Zoit. 67, 126 ; 
Heyl, ihvi. 28, 166, 720. In presence of acetone, 
Hagglund, Zeitsch. anal. Chem. 63, 433. 

Condensatio/i Products. — Aldehyde readily 
yields condensation compounds ; thus when 
allowed to remain in the cold with dilute hydro- 
chloric acid, or with aqueous solutions of zinc 
chloride or of salts having an alkaline reaction, 
such as potassium carbonate, aldol is obtained. 

The Dupont do I^emours Powder Co. describe 
(Eng. Pat. 172b9, 1911) the prodhction of ace- 
taldol by means of a solution of alkali or alkaline 
carbonate, borate, phosphate, or cyanide ; the 
aoetaldol so produced may J)o extracted with 
ether; or the solution may be reduced by 
aluminium amalgam to yield butylene glycol. 
A further patent by the same firm (Eng. Pat. 
22621, 1912) claims the production of aldol by 
treating aldehyde with an alkaline substance, 
such as an alkali hydroxide or salt, sodium 
ethylate &c. , dissolved in a solvent containing 
little or no water. Ethyl alcohol is mentioned 
as a suitable solvent (c/. also Swiss Pilt. 64932 ; 
U.S. Pat. 1161113). 

The Consortium f. Eletrochemische Indus- 
trie in Eng. Pat. 19463, 1913, claim the produc- 
tion of aldol by treating aldehyde; in the absence 
of water with a small quantity of an alkali oi 
alkaline earth metal, or alloy or amalgam i hereof, 
or with their compounds with aldehyde or with 
other compounds of these metals f hat are soluble 
in aldehyde, such as tlio alcoholat s or cyanides. 
By slow distillation in vacuo aldol i.s obtained, 
and by slow distillation at ordinary pressure 
crotomo aldehyde is fc»*med. Organo-metallic 
compounds are formed by adding alkali and alka- 
line-earth metals to aldehyde in the absence of 
water (c/. also D. R. P. 269996). 

According toN. Griinstein (Eng. Pat. 101636) 
aldol and other condensation products are ob- 
tained from acetaldehyde by treating the latter 
with quicklime or strontia; the reaction is 
facilitated by the addition of a trace of water. 
The condensation can also be effected by means of 
other condensing agents, such as alkaline earth 
metals or their carbides, such as calcium 
cvbide, mixed or not with the oxides; the 
alaehyde is preferably introduced during the 
process. The aldol produced can bo distilled 
in vacuo. Hibbert describes the production 
of aldol by dissolving aldehyde in gasoline and 
treating tne solution, after cooling to —10°, 
with potash or caustic soda (U.S. Pat. 1086048). 

Crotoholdehyde is formed when it is boated 
with concentrated hydrochloric acid (Kekul^, 
Annalen, 162, 92 ; Kling and Roy, ComptT rend. 
144, nil ; Zeisel and v. Bitto, Monatsb. 29, 
(5^91), or with concentrated sulphuric acid (Del6- 
pine, Compt. rend. 133, 876 ; 147, 1316 ; Bull. 
Soc, ohim. 27 [3] 7). 

Aldehyde has also been condensed with other 
aldehydes and ketones (WalJach, Chem. Zentr. 
899, ii. 1024; Schinalzhoffer, Monatsh. 211, 
671 ; Wogrinz, ibid. 22 f 1 ; Weiss,* ibid. 26, 
1060 ; Sohachner, ibid. 2ff, 65 ; Salkin^, J. Russ. 
Phys. Chem. Soc, 37, ; Rainer^ Monatsh. 

20,^1086; Ehrenfreund, ibid, 26, 1003); with 
amines (Eibner and Peltzer, Ber. *33, 3460; 


Eibner, Annalen, 328, 121 1 Knoevenagel, Be*. 

37, 4461) ; with rhodanio and substituted rho- 
danio acids forming stable* dyeing compounds 
(Andreasoh and Zipaer, Monatsh/^, 499 ; 26, 
1191 ; Zipser, ibid. 23, 692 ; Stachetz, ibid. 

26, 1209 ; Bergellini, Atti Real. Acad. Lincei, 

16, 36, 181 ; Andreasch, Monatsh. 27, 1211 ; 

29, 399 ; Wagner, ibid. 27, 1233) ; with methyl 
ketole forming leuoo- bases of the dyes of 
rosanih'ne type (Freund and Lebaoh, Ber. 

36, 308 ; Freund, Ber. 37, 322) ; with indole 
dyes, also forming leuco- bases (Loew, Ber. 36, 
4326) ; with cyanides and oyanacetio esters 
(Claiscn, Ber. 25, 3104 ; Barbier and Bouveault, 
Compt. rend. 120, 1269 ; Kolm, "Monatsh. 19, 

619 ; Wade, Chem. Soc. Proc. 1900, 166 ; Bertini, 
Gazz. chim. ital. 31, i. 265; Kquet, Bull. Soc. 
chira. 7, (3) 767) ; with phenyl hydrazones 
(Fischer, Ber. 29, 793 ; 30, 1240 ; Pechman, Ber. 

31, 2123 ; Bamberger and Pemsel, Ber. 36, 86 ; 
Lockmann and Liesche, Annalen, 342, 14 ; 
Medvedoff, Ber. 38, 16646, 2283 ; Maurenbrecher, 

Ber. 39, 3583 ; Laws and Sidgwick, Trans. Chem. 

Soc. 99, 2085) ; with o-hydroxy nitroso com- 
pounds pyrazine derivatives are formed (Lange, 

Ber. 42, 574). Substances capable of use in 

erfumery can bo obtained by condensing alde- 
ydos with negatively mono- substituted acetic * 
acids in presence of ammonia or a primary or 
secondary a^ine (J. Doc. Chem. Ind. 24, 689, 
1323). (For compounds of other substances 
with aldehydes, sec Hooker and Camell, Chem, 

Soc. Proo, 1893, Fischer, Ber. 27, 166 ; Claisen, 
Annalen, 237, 261 ; Conneler, Chem. Zeit, 20, 

585 ; Kietrciber, Monatsh. 19, 736 ; Bamberger 
and Muller, Ber. 27, 147 ; Rassow, J. pr. 
Chem. 172, 136, 129 ; Betti, Gazz. chim. ital. 

30, ii. 310 ; 33, i. 27 ; Koenigs, Ber. 34, 4336 ; 
Moureu and Desmots, Compt. rend. 134, 366 ; 
Knoevenagel, Ber. 36, 2136 ; Hann and Lap- 
worth, Chem. Soc. Trans. 1904, 46 ; Simon and 
Conduch6, Compt. rend. 138, 977 ; Darzens, 
Compt. rend. 142, 214; Eissler and Pollock, 
Monatsh. 27, 1129; Rolla, Gazz. chinf. ital. 

37, 623 ; Senier and Austin, Chem. Soo. Trans. 
1907, 1233 ; Wohl, Ber. 40, 4679 ; Braun, Ber. 

41, 2169 ; Zeisel and Bitto, Monatsh. 29^691.) 

Additive compounds. — Aldehyde not only 
shows a strong tendency to vield polymerides 
and condensation compounds, but unites directly 
with a large number of substances. 

(1) Compounds with alcohols (v. Acetals). 

(2) Compounds with acids : — Geuther, 
Annalen, 106, 249 ; Lieben, ihid. 106, 336 ; 178, 

43 ; Rubenoamp, ibid. 226, 279 ; Schiff, Ber. 9, 

304 ; Ponzio, J. pr. Chem. 161, 431 ; Schroeter, 

Ber. 31, 2189; Annalen, 303, 114; Del6pine, 
Compt. rend. 133, 876 ; ^McIntosh, Amer. Chem. 

J. 28, 688 ; Wegscheider and Spiith, Chem. 
Zentx. 1910, i. 1421 {v. Acetals). 

(3) Compounds with alkaline sulphites : — 
Aldehyde forms dehnite crystalline compounds 
when dissolved in concentrated aqueous solu- 
tions of the acid sulphites (bisulphites) of the 
alkali metals. The potassium salt CgH.OjKHSOa 
crystallises in indistinct needles; tne ^oiium 
oalt C 2 H 40 ,NaHS 0 ,-}-^H, 0 , in fine nee^es or 
nacreous plates. The ammonium oompound 
has the formula C,H,(OH)SO,*NHj, These salts 
are almost insoluble in excess of the sulphite, * 
and separate in the crystalline state ; from them 
aldehyde can be obtained by distillation with a 
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st«i3nger acid, an alkaline carbonate, or by alkali 
nitrites (Bunte, Annalen, 170, 306 ; Freundler 
and Bunel, Comptp rend. 132, 1338; Seye- 
wetz and Burdin, Compt. rend. 141, 269 ; Rosen- 
heim, Ber. 38, 2006; Coppook, Chem. News, 
1907, 226). With hyposulphites in neutral or 
acid solutions aldehyde hyposulphites are 
obtained ; 2RCH0,M2S204 (J. Soo, Chem. Ind. 
25, 476) ; by vamng the condition sulphoxylates 
of type RCHj’SOgM can be formed (D. R. P. 
180629). Crystalline thioaldehydes are obtained 
by the action of hydrogen sulphide on an acidified 
alcoholic solution of aldehyde (Baumann and 
Fromm, Ber. 22, 2600 ; Ber. 24, 1419, 1467 ; 
Klinger, Ber. 82, 2194 ; l)rugman and Stockings, 
(Ihem. Soc. Proc. 1904, 110; Vaniiio, J. jir, 
Chem. 186, 367). 

(4) Compound with ammonia : — Aldehyde- 
ammonia CgH^O'NHa, obtained by leading dry 
ammonia into aldehyde in ethereal solution 
(Liebig, Annalen, 14, 144 ; Jean, Bull. Soc. 
chim. 13, (3) 474; Trillat, ibid. 13, (3) 689; 
Del6pino, Compt. rend. 125, 951; 128, 105; 
137, 984 ; 144, 853 ; Coninck, Compt. rend, 
!20, 1042 ; Tschitschibabin, J. Russ. Phys. 
Chem. Soc. 37, 1229 ; Dudcn, Bock and Reid, 
Ber. 38, 2036 ; Ciamician and Silber, Ber. 38, 
1671 ; 39, 3042), crystallises in large rhombo- 
hedra, melts at 70°-80°, boils at 100° without 
decomposition, and is (decomposed into its 
constituents on distillation with dflute acids. 
When hydrogen sulphide is passed through a 
mixture of aldehyde ammonia and ether a 
crystalline substance SH‘CHMe’NH*CHMcOH, 
m.p. 60°-63°, is obtained (Chabri6, C. R. Soc. 
Biol. 1896, 3, 72). 

(6) Compounds with hydrocyanic acid : — 
(Tiemann, Ber. 14, 1065 ; Strecker, Annalen, 
91, 349 ; Erlenmeyer and Passavant, ibid. 200, 
120 ). 

(6) Compounds with metallic salts : — With 
mercuric sulphate it forms the compound 
SO4 ; (HgO)g : HgCjH40 (Dcnigcs, Compt. rend, 
128, 429) ; with mercuric nitrate, C2Hg2N04H 
(Hofmann, Ber. 31, 2212) ; and with mercuric 
acetate alkaline solution at 0°, CMe-HO HgO 
(Lasserre, J. Pharm. 1905, 22, 246). With gold 
chloride it forms a coloured colloidal solution 
(Qarbowski, Ber. 30, 1216) ; and with magnesium 
bromide, the compound MgBr2,3CH3CHO (Mon- 
schutkin, Zeitsch. anorg. Chem. 63, 26) ; with 
calcium cyanide it forms CeHioOsNaCaj (Franzen 
and Ryser, J. pr. Chem. 88, 293) ; compound 
with KCN (c/. Eng. Pat. 19463, 1913). 

Substitution Products. — The action of chlo- 
rine on aldehyde has been studied by Wurtz 
(.Ajmalen, 102, 93), Wurtz and Voigt (Bull. Soc. 
chim. 17, 402), and by Pinner (Annalen, 179, 
21 ; Coblenz, l.c. ; Freifiidler, BuU, Soc. chim. 
1, (4) 66 ; i^eundler, Compt. rend. 143, 682). 
Pinner finds that when chlorine is passed into 
ordinanr aldehyde at 10°, metaldehyde and par- 
aldehyde are first formed, and these subsequently 
yield substitution-derivatives, of w^hioh chloral 
IS the chief product, butyric chloral and dichlor- 
aldehyde bem^ formed in smaller quantity. The 
foUowiz^ denvativos have been prepared : — 
OhloroM^de CHiCl'CHO-f-iHjO (Natterer, 
Honatsh. 3, 446) ; with potassium cyanide and 
a mmoni um chloride, j8-chloro-a-hydroxy pro- 
p^o acid is formed (Raske, Ber. 46, 726) ; 
aic1dor<Mehyde, CHClg'CHO (Grimaux and 
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Adams, Bull. Soo. chim. 34, 29 Wohl and 
Roth, Ber. 40, 212); trkhhraldehyde [v. CHr.^RAL). 

According 10 S. Uthcim chloroform is readily 
formed by acting upon aldehyde with bleaching 
powder in the presence of water (Eng. Pat. 
116094). 

The bromine derivative^ and the action of 
bromine on aldehyde, have been examined by 
Pinner (Bor. 7, 1499, and l.c. ; Bugarsky, 
Zeitsch. physikal. Chem. 48, 63 ; Freundlor, 
Compt. rend. 140, 1693 ; Mauguin, Compt. rend. 
147, 747). Reactions of dibjomoacetaldehyde 
{cf. Mylo, Ber. 45, 645). 

Aldehyde blue is obtained by treating para- 
rosaniline with •aldehyde or, bcttc'^, paraldehyde 
in aqueous acid solution, and precipitating the 
dye with sodium chloride. It is soluble in 
alcohol and etlicr, apd when treated with strong 
hydrochloric acid is converted into a reddish 
yellow base wliich shows all the properties of a 
ro.saniline dye (Gattormann and \Viohmann, Ber. 
22, 227). By slightly varying the conditions in 
the preparation of aldehyde blue, aldehyde green 
can also be obtained (Miller and Pliichl’ Bor. 24, 
1700). F. A. M. 

ALDEHYDE GREEN v. Trifhenylmbthanb 
ooLouiima maxters. 

ALDEHYDINE v. Bone oil. 

ALDEHYDINES. Compounds formed by the 
condensation of ortho-diamines with aldehydes 
(Ladenburg, Bor. 10, 1126) {v. Aminks). 

ALDER BARK. {Aune, Fr. ; Erie, Ger ) 
Alnvs (jludnosa (Gaert.). Used for tanning and 
dyeing. The percentage of tannin varies from 
li} to 18 (Eiiner, Zeit. f. d. Chem. Grossgew. 
3, 668 ; 4, 279). 

The tannin appears to bo a methyl tannin 
I like that of the oak ; it gives a reddish-blue 
I precipitate with ferrous ^icctate, an olive-green 
I precipitate with ferrous sulphate, and is precipi- 
tated by a gum solution. 

! A solution of the bark is employed for ob. 
taining black, greys, and browns on linen ; in 
Germany for reds ; and in Kamchatka for 
colouring skins a red tint. 

ALDOFORM. A forimldehyde preparation. 

ALDOt {^-hydroxybutyric aldehyde ; butanol- 
3-aO CHgCHOH’CHa'CHO was first obtained 
by Wurtz in 1872. It is produced by the 
aotion of cold dilute hydrochloric acid or other 
condensing agents, such as alkali acetates, 
carbonates or bicarbonates, or zinc chloride 
in aqueous solution, on acctildeliydc. 

200 grams acetaldehyde at 0° C. are dropped 
into 200 grams water at 0° C. and 10 grama 
potassium carbonate are gradually added. The 
mixture is allowed to stand for 12-18 hours at 
10° C., then shaken, first with an equal volume 
of ether, and again with half its volume of etW. 
The ac(heou8 solution is exactly neutralised with 
hydrochloric acid and again extracted with half 
its yolume of ether. The ether extracts are 
then united, the ether distilled off, and the 
residue distilled in vacuo. {Cf. art. Aldehyde.) 

Aldol is a oolourless liquid which boils at 
83° (20 mm ), and has a specific gravity of 1*121 
at 0°. It is miscible with water and alcohol. 
When distilled under atmospheric pressure it 
loses water and posses into crolonaldehyde. 
CHg’CH : (M-CHO ; a* similar result being > 
obtained by heating it to 100° C. with wi^C 
containing cf small amount of sodium hydroxm 
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A« an aldehyde, it reduces an ammoniacal 
solution of silver nitrate. 

On standii^ for some time aldol becomes 
viscous, and after some days solidifies, passing 
into the solid polymeric form known as paraldof. 
This form melts at 82° C., and on reduction with 
aluminium amalgam yields /S-butylene glycol 
OHsOHOHCH.CI^ok 

The above compound furnishes an example 
of the so-called ^ aldol condensation,* which 
has been studied at length by von Liebfen and 
his pupils (Monatsh. 1901, 22, 289), and the 
requisite condition for such a reaction is that 
the carbon atom 'adjacent to the carbonyl 
group of the aldehyde should be united to at 
least one hydrogen atom, although this need 
not be the case when the condensation occurs 
between two different aldehydes, e.g. 
(CH,)3C-CHO+RaCH*OHO ' 

=(CH3)3C-CH0HC{R3)CH0 

A similar type of reaction is also possible 
between aldehydes and ketones, which fulfil the 
suitable conditions. 

As a class, the aldols are colourless liquids 
which readily polymerise on standing. These 
polymerides show the same chemical reactions 
as the liquid forms, and are partially recon- 
verted into such forms on distillation m vacuo. 
When distilled under atmospheric pressure the 
aldols decompose, partly into the constituent 
aldehydes from which they were produced, and 
partly into the corresponding unsaturated 
aldehyde (by loss of water). 

aldoses V . Carbohydrates. 

ALE V . Brewing. 

ALEMBROTH, SALT OF. A compound of 
mercuric chloride and sal ammoniac 
2 NH,Cl,HgCla,H 30 

formed by mixing the two salts in suitable 
premortions. Also called by tne alchemists Salt 
of Wisdom. 

ALEUDRIN. Trade name for carbamio 
acid ester of aa-dichlorowopropyl alcohol. 

ALEURITES CORDATA (Steud.). The seeds 
of this euphorbiaceous plant, which is found 
largely in Japan, yield Japanese' wood-oil 

(7.V.). 

ALEURITIO ACID v. Lao, Art. Resins. 


ALEURONE GRADIB. Oi^anisod gnmuka 
deposited in the cells of many seeds of plants, 
generally near the exterior, ip which the proteins 
are mainly concentrated. They were so named 
bv Hartig, who first described them. In many 
plants, the aleurone grains possess the shape of 
crystals. Botanists, indeed, regard them as con- 
sisting of two parts: (1) a crystalloid, crystal- 
like protein body, and (2) one or more rounded 
globoids mainly composed of mineral matter, in 
wliich phosphoric acid, lime, and magnesia are 
usually the largest constituents. 

when the aleurone grains exhibit the form 
of crystals, it is generafiy found that they are 
soft and swell up if treated withgweak acids or 
alkalis. The term ‘ crystalloid,’ as used by 
botanists in this connection, has reference to 
the appearance of the aleurone grains, and not 
to their property of diffusion when dissolved 
through membranes. According to Tschirch and 
Kritzlor (Chem. Zentr. 1900, ii. 685), the aleurone 
grains of a variety of plants consist mainly of 
globulins. The oiystaJloids consist of at least 
two globulins, which are soluble in dilute, but 
insoluble in concentrated saline solutions {e.g. 
ammonium sulphate, sodium chloride with trace 
of acetic acid, potassium dihydro^en phosphate). 
A small amount of an albumose is also probably 
present. The globoids contain a globulin and ’ 
mineral matter, especially calcium, magnesium, 
and phospHtbric acid ; they are soluble in con- 
centrated solutions of ammonium sulphate, 
acidified sodium chloride, or potassium dihy- 
drogen phosphate. The grains with their en- 
closures are reserve-food materials which are 
consumed when the seed germinates. They 
originate as liquid ‘ vacuoles,’ in which an in- 
creasing amount of protein material is gradually 
deposited. The germinating power of seeds 
probably depends upon the solubility of the 
crystalloids in dilute sodium chloride solution. 

According to Postemak (Compt. rend. 1905, 
140, 322), aleurone pains often contain anhydro- 
oxymethylene diphosphorio acid, or inositol 
phosphoric acid CeHeCPO^Hj)# (phytin). He 
found the following amounts of nitrogen and 
mineral substances in the aleurone grains of 
(1) spruce fir, (2) sunflower, (3) hemp, (4) white 
lupin : — 


^ 

N 

K 

Ca 

Mg 

Fe 

Mn 

P 

S 

81 

1, 

12-97 

2-60 

0-37 

1-25 

0-09 

0-25 

2-67 

0-64 

0-35 

2. 

10-22 

2 ■20 

0-33 

1-46 

0-06 

trace 

2-78 

0-64 

0-24 

3. 

12-88 

2-71 

0-27 

1-67 

006 

trace 

3-83 

0-81 

0-36 

4. 

10-70 


0-11 

0-28 


0-11 

0-61 


0-01 


Sodium and chlorine were not found. cH. I. 

ALFA V. Halfa. 

ALFALFA. The Spanish name for lucerne, 
^Medicago saliva (Linn.). 

ALITORMIN. A 16 p.c. solution of basic 
aluminium formate. 

ALG/E. (VartchoT AlgueSfl^. \ Alqen,Qet.). 
A class of oryptogamous plants including the 
green, brown, and red seaweeds and vegetable 
plankton growing in sea-Water, and allied mainly 
green fresh-water plants, including diatoms, 
d^mids, and ‘ conferva ’-like formsK Many of 
the salt-water species are edible ; none of them 


is poisonous. 

JiMytnenia Tpdmata (Linn.) (dulse, dylish, or 
dellish) and Alaria escvlenta (murlins) ore uMd 
as food by the peasantry of the Hig hlands and 
of Ireland. Porphyra hciniala (Lightf.) (lact- 
niat^ purple laver), very abundant on- the 
British coasts, is sold in England as laver, in 
Ireland as ^oke, and in Scotland as idaak. 
Chondrus crispus (Linn.) (carrageen, Tri«]fi qr 
pearl moss) is collected on the west coast of 
Ireland, and is frequently used there by painten 
and plasterers as a substitute for size. It is 
also used in making jellies, Ac., in medicine: 
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»nd ft thick mucikge scented with some prepared 
spirit lA sold as ‘bandolin/ ‘fixature,’ ot 
‘ olysphitique,’ and i^mploved for stiffening silks. 

Amongst other algse having an economic 
value are Ceylon moss or edible moss {Oracilaria 
Uchenoides), found in the Indian archipelago; 
the agarragar of Malacca, or agal-agal ot China, 
which is derived from QracUaria lichenoides, 
JSucheuma spinosum (Linn.) and other alg* 
{see Agar). The substance is now much used 
in bacteriological research as a nutrient jelly ; 
for gumming silks, paper, &c., and for making 
a paste not liable to be eaten by insects. 

Manna, or mannite, can be obtained from 
Laminaria sa^charina (Lamx.) or sugar wrack, 
found on sandy shores, attached to pebbles. 

In Ye/iO (Japan) different species of Laminaria 
and Arihroihamnua are collected for use as 
edibles, and in large quantities as raw material 
for iodine manufacture and potassium salts. 
Other varieties commonly used as a source of 
iodine are EcMonia cava and E. hici/clis. 

Alginic acid (Algin) is prepared from Macro- 
cystis pyrifera, found on the Pacific coast of 
America, by treating a sodium carbonate extract 
with hydrochloric acid, redissolving in sodium 
carbonate and reprecipitating with acid several 
times, then dissolving again in sodium carbonate, 
purifying the sodium alginate by dialysis, 
decomposing it with hydrochloric acid, and 
purifying the alginic acid by dialy*s. Alginic 
acid dried at 100° will absorb 200 to 300 times 
its weight of water. Its optical activity is 

^ “ 169 •2°. The sugars produced by hydro- 
lysis with 2 p.c. hydrochloric acid gave a yellow 
osazone, m.p. 154°- 1 65°, closely resemblmg 
/-xylos^one, and also a red amorphous osazone. 

Algin probably consists of a complex com- 
posed of compounds of the pentosan type and 
cellulose. It has weakly acid properties, and 
the sodium salt precipitates many metals from 
solution (Hoagland, J. Agric. Research, 1915, 
4, 39 ; J, Biol. Chem. 1915, 23, 287. Set Iodine. 

The following table shows the composition 
if various species of algae ; the quantity 
if nitrogen in some of them is remarkably 
large : — 





Per 

cent. 

Protein 

Alga 

Water 

Pry 

matter 

nitro- 
gen m 
dry 
matter 

con* 
tained 
m dry 




matter 

Chendruieritpus, blc-ached 





from Bewlay Eivans^ . 
Chfmdrwt&ris^ bleached 

lJ-92 

82-08 

1-534 

9-687 

second experiment . . 

CJumdrui crispus, un- 
, bleached Baliycastle . 

1979 

80-21 

1-485 

9-281 

21-47 

78-53 

2-U2< 

1 12-387 

1 

Chondrut critpui, un- 

bleached, second ex- 
periment . 

19-9(} 

80-04 

2-610 

16-687 

Ouartina mamillota, Bal- 
lytjastle 

21 

78-45 

2-198 

18-737 

Immlmaria difttata, or 





dulse tangle 

21’JJ8 

78-62 

1-588 

9-025 

paimaia 

10-56 

83-44 

8-466 

21-656 

Porphpra . 

17-41 

82*89 

4-650 

29-062 

lSan9phiflU§\ edidis 

19-61 

80-89 

3-088 

19-800 

etcuimta 

17-91 

80-09 

2-424 

16-160 


VoL, L— 


Certain of the Laminaria, after washing to 
remove salts, are found to be suitable af fo&er, 
and when mixed with hay and straw in lieu of 
oats are readily eaten by horses. Although 
poorer in carbohydrates than oats the seaweed 
18 much rioher in proteiiL 

In addition to the large* amount of ohlorine 
in marine alg® (up to 38 p.c. of the ash) there 
are often not inconsiderable quantities of iodine, 
the presence of which is responsible for the 
employment of seaweeds in the composition 
of certain ‘ anti-fat ’ specifics. • 

^rtain algae arc characteristic of water con- 
taining sewage and putrefactive substances in 
quantity, and sbme algae play an ^uportant rde 
in the disinfection of polluted rivers. 

ALGAROBILLA. Algarobilla consists of 
the pods of CcEsalpina hrevifoUa. The tannin, 
which appears to be a mixture of allagetannin 
hes in semi-resinous particles 
adhering loosely to the somewhat open frame- 
work of the fibre. It is one of the strongest 
tannin matters known, and contains on the 
average 45 p.c. In character it resembles divi- 
divi, and its extract is somewhat prone to 
fermentation. It is very suitable for tanning 
and also for dyeing punioses. 

ALGAROtH, POWDER OF. Pvlvis Alga- 
rothi, Enqlish Ponder. A crystalline oxy- 
chloride of antimony, obtained by pouring anti- 
mony chloride into hot water, used m the 
preparation of tartar emetic {v. Antimony). 

ALGARROBIN. A natural dye product, 
obtained from the wood of the caroD tree, Cera- 
Ionia stliqna, found in the Argentine. Accord- 
ing to a report of the United States Consul- 
General at Buenos Ayres, it is largely employed 
in the Argentine for dyeing khaki cloth for 
military purposes, and «ome quantity is also 
imported to the Continent of Europe. It is 
said to dye the textile fibres a light brown 
colour, though if these be previously mordanted, 
more varied shades may be obtained. As it 
acts also as a mordant lor the coal tar colours, 
it would appear to be a tannin, and may be 
allied to ollagitannin, as its name suggests (cf. 
Aloaroptlda, l.c.). A. 0. P. 

ALGIN. A nitrogenous body obtained from 
seaweed, somewhat resembling albumen (v. 
Aloje), Used in the sizing and finishing of 
certain textile fabrics as a substitute for Irish 
moss (carrageen) ; should contain from 4 to 6 
p.c. of alginic anhydride (v. Iodine). 

ALGIRON {Alginoid iron). Trade name for 
an iron compound of alginic acid (from seaweed) ; 
contains 11 p.c. iron. 

ALGODONITE. A copper arsenide of a 
steel-grey colour. Found m the Lake Superior 
copper- mining district. 

ALCOL COLOURS v. Alizarin and allied 

f’OLoUPISG MATTERS; VaT DYES. 

ALGOLAVE. Trade name for the salicylic 
ester of propyl oxyfwbutyric acid. 

ALHAGI CAMELORUM (Fischer), JAW ASA. 
or JAWANI. A leguminous thorny shrub, 
widely spread from Greece to dry parts of India, 
where a dmg extracted from* it is used for 
rheumatism, and also a laxative and diuretic 
(Pharm. J. [3] 9, 145). 

ALIVAfeu lodo hydfoxypropane. 

ALIZAmN AND ALUiTO COWmVIfSi 
MATTERS. • See also articles on A.^rrt»,Acm% 
A I 
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AKTHBAQtJlKO17X,0HAT RCM>T MaDDIE, MeTHITL 
Ai^th&aoisite, Vat Dtbs. Madder, Jhihia 
iinctorht which wa* for a loiig time used on a 
huge scale in the ‘Turkey 'red ‘ industry, con- 
tains two colouring matters, alizarin and pur- 
purin, of which the former is by far the more 
important. 

Alizarin is not found ready-formed in the 
madder-root, but exists there as a glucoside 
called ‘ ruberythrio acid,’ which when allowed 
to ferment, or when boiled with dilute acid, 
splits up readily into alizarin and glucose. 

The colouring matter itself was first isolated 
from the madder >root in 1827 by Colin and 
Robiquet, whit obtained it by extracting ground 
madder with hot water and subliming the puri- 
fied extract carefully in a glass tube. 

This method of sublirrvvtion was not con- 
sidered sufficient proof of the existence of alizarin 
in madder, and it was not till Schunck suc- 
ceeded in isolating this substance by chemical 
means from the madder extracts used by I 
dyers that this important point was definitely 
settled. 

In assigning the correct formula to alizarin, 
considerable difference of opinion existed at first, 
owing no doubt to some extent to the difficulty 
experienced in obtaining alizarin in a condition 
pure enough for accurate analysis. 

Schun^ proposed the formula 
whilst Strecker believed it to be CjoHjO, and 
related to ‘ chloroxynaphthalio acid * (chloro- 
hydroxynaphthaquinone), a derivative of naph- 
thalene, since both these substances on oxidation 
yield phthalio acid. 

Strecker’s formula was the more generally 
accepted by chemists, and chloroxynaphthalio 
acid was looked upon as being simply chlorinated 
alizarin, the two bodiec being thus related : 

CjoHXlO, 

Alizarin. Chlorinated alizarin or 

Ohloroxynaphthalic acid. 

In order to prove the relation supposed to 
exist between these two substances, it was only 
necessary to replace the chlorine atom in 
chloroxynaphthalio acid by hydrogen, when 
alizarin should result. 

Tliis operation was eventiiallv accomplished 
by Martius and Griess, who ontamed thus a 
substance of the formula Cn,HaO„ which was, 
liowever, not identical with alizarin, and wa? 
therefore supposed to be isomeric with it. 

Following these experiments of. Martius 
and Griess, Graebe, in 1888, commenced his 
research on quinones, the working out of which 
led not oiUy to results which proved beyond a 
doubt what the chemical nature of alizarin 
really was, but also eventually resulted in the 
artifibial production of this important c<fijiouring 
matter. In pursuing this investigation Graebe 
succeeded in preparing chloranil OeCl^O^, by 
treating phenol with potassium chlorate and 
hydr^lorio acid, and in acting on this with 
caustic potash he found that two of the atoms 
cl ohlonne in tUis compound became replaced 
hy (0K)> producing the potash salt of ohloranilio 
add C»Cl,{OK)jO|, a change the knowledge of 
whiob proved to be of the utmost importance 
in his subsequent experiments on the artificial 
production of alizarin. ^ 

* Chloroxyuapl^^ihalio add was paw considered 


by Graebe tp be related to naphthaliu m miiuh 
the same way as chloranil was to benzene, i.e. to 
be a derivative of naphthae|oinone. 

Soon after this the attention of Graebe and 
Liebermann was turned to alizarin, which they 
also thought might belong to the quinone series. 

In determining the constitution of tiiis 
substance, the first step was to obtain some 
information as to the nature of the hydro- 
carbon from which alizarin was derived, and 
this was done in the following way ; Alizarin 
prepared from madder was mixed vrith zinc-dust 
and heated strongly in a furnace, according to 
Baoyer’s method of reducing benzenoid com- 
pounds, and in this way a crystalline hydrocarbon 
was obtained having the composition Ci 4 Hio, 
which on examination was found to be identical 
with anthracene, a hydrocarbon previously ob- 
tained by Dumas and Laurent from coal tar. 
Using the information already obtained in the 
research on quinone, Graebe and Liebermann 
now assumed that alizarin must be a dihydroxy- 
quinone of anthracene, the relation of these 
substances to one another being seen from the 
following formula} ; — 

0,4H,o C,4HeO,(OH)a 

Antliraceue. Anthraqumone. Alizarin. 

Having thus obtained anthracene from ali-^ 
zarin, it was now only necessary to reverse the 
operation ”nd convdi't anthracene into alizarin, 
and the problem of the artificial production of a 
vegetable colouring matter would be solved for 
the first time. 

In 1862 Anderson, while investigating anthra- 
cene, obtained from it by oxidation a substance 
of the formula C^HgOj, which he named ox- 
anthracene. 

In this substance Graebe and Liebermann 
recognised the quinone of anthracene (anthra- 
quinone), the first step in the synthesis of alizarin 
from anthracene, and in order to convert this 
quinone into alizarin all that was necessary was 
to replace two atoms of hydrogen in it by 
hydroxyl, an operation which is easily done in 
the following way : — 

Anthraquinone when heated with two mole- 
cules of bromine in sealed tubes is converted into 
I dibromanthraquinone, thus : 

C, 4 Hg 055 -b 2 Brj=C, 4 H,Brg 0 ,+ 2 HBr. 

This substance when heated with potash ex- 
changes each of its bromine atoms for (OK), yield- 
ing the potash salt of alizarin, Ci 4 H 4 (OK)|Og, a 
reaction which is precisely similar to the forma- 
tion of chloranilate of potash from chloranil as 
described above. The potassium alizarate thiM 
obtained, when decomposed with hydrochloric 
acid, yielded alizarin, and thus the problem of • 
' the artificial production of alizarin was sdved. 

In considering this synthesis, perhajw “the 
most j:emarkable fact, from a ohemical^|K>int of 
view, IB that, in consideration of the number pf 
possible isomers of alizarin, just that dibrenp* 

] anthraquinone prepared by Graebe and Lipher- 
I mann should on treatment with potadi hsvo 
I yielded alizarin. Had this not wen so, tiio 
I artificial production oT alizarin would UO ddfiWj 
I have been veXy much delayed. 

I The great importance of alizarin as a 
j agent induced Graebe and Liebermann to 
t tms process, which proved, however, to be of 
commercial value, owing to the great ex;petttf 
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Attendtog th« im oi faromine, and it was thtr^* 
fore dMvable to find some new method which 
would render their ^ieeo very important from a 
manufacturing point of view. 

ITiis wa« wat achieved by W. H. Perkin ‘ in 
the following way :-^ulphurio acid, as is well 
Icnown, forms with many organic bodies com- 
pounds called sulphonic acids, which in composi- 
tion simply correspond to the substance acted 
on plus sulphuric anhydride. 

Thus benzene CjH, when treated with sul- 
phuric acid yields benzenesulphonic acid 
CfllfjSOjH ; naphthalene C^oHa, naphthalene- 
sulphonio acid CxoH7S03H. When fused with 
caustic potash these sulphonic acids are split up 
into the potassium salt of the corresponding 
phenol and potassium sulphite, thus : 
C4H,S03H+3K0H=C3H50K+K2S03+2H30. 
Similarly disulphonic acids when fused with 
potash are converted into dihydrio phenols, thus : 

CcH4(808H)2'*6KC)H^CflH<2i + K:.S0a+4H20. 

In this second example it will be seen that a 
body is formed which bears the same relation 
to benzene as alizarin does to anthraquinone, 
and it was therefore probable that if anthraqui- 
none were subjected to a similar series of re- 
actions, alizarin would result. 

The great obstacle to carrying out this 
synthesis, in the first insHince, waai^the remark- 
able stability of anthraquinone in general and 
particularly towards sulphuric acid, which is so 
great that it dissolves m moderately hot sul-| 
phurio acid without change, and crystallises out 
again in needles on cooling. 

tVhen, however, a mixture of anthraquinone 
and sulphuric acid was heated very strongly, 
reaction did eventually take place, the product 
becoming perfectly soluble in water, the solu- 
tion now containing mono- and disulphonic acids 
of anthraquinone. 

After removing the excess of sulphuric acid 
from the new product, it was mixed with caustic 
potash, and heated to about 180 °. 

During the heating the melt became darker 
and darker in colour, and eventually almost 
black., and on dissolving this in water a rich 
purple solution was obtained which when acidi- 
fied with dilute sulphuric acid gave a copious 
pre^itate. of alizarin. 

The great obstacle to the preparation of 
alizarin — viz. the use of bromine — was thus re- 
moved, and, as the future has proved, a process 
had b^n obtained bv which this colouring 
matter could be manufactured in quantity and 
at a price so cheap as entirely to supersede the 
old method of dyeing with the maddOT root. 

Another process for the manufacture of arti- 
ficial alizarin shortly afterwards discovered by 
W. H, Perkin, and largely used by him on a 
raaniAwturing scale, is the following * 

Anthracene is treated with chlorine and 
thus converted into a beautifully crystalline 
conmoond called diohloranthraceno C\4nj,Cla, 

This substance combines with Nordhauaen 
SUjbhuric acid, forming a bright-green solution, 
Wmeh contains a sulphonic acid of dichloran- 
thraceme. When heated with sulphuric acid 
this stibstanoe undergoes a remarkable change, 

» J It i^ould be mentioned here that while these ex- 
: puptaents were in progwis, OoTo, Clraebe and Lleber* 
maun were tUTeBtigatlngthe same reaction In Germany. 


hydrochloric acid and sobhurous acid are 
evolved, and a disulphonic acid of anthraquinone 
formed, thus 

CuHsOMSOaHla+HjSO* 
Dichlorauthracene-disulplionlc add. 

=CuHeO,(SO,H),+2Ha+SO, 

Anthraq\iJnone disulphonic add. 

This anthraquinone disulphonic acid when 
fused with potash yields alizarin. 

Although other methods for the produedon 
of alizarin have since been devised, there is 
little doubt that the bulk 8i the alizarin of 
commerce is still obtained fy)m ‘ silver salt,’ the 
name given in the works to sodium anthra- 
quinone-2-8ulp‘lionate. • 

Alizarin, purpurin and similar dyes will not 
dye unprepared fabrics ; these must first of all 
be mordanted. • 

The mordants used in this case consist of 
metallic hydroxides — e.q. of aluminium, iron, 
and chromium, ('hloride of tin (tin crystals) is 
also extensively employed. 

With alumina mordants alizarin produces 
shades of red and pink ; with iron mordants, 
shades of black and purple ; with chromium 
mordants, a dull purple ; and with tin crystals a 
bright yellowish orange. These mordants may 
also be 'mixed and thus a large variety of different 
shades produced. A description of the method 
of application of these various mordants and the 
rocesses employed in dyeing with alizarin will 
0 found in the article Dyetmo. 

Since the first production of artificial alizarin 
on the large scale, the study of this substance 
and of t.ho various colouring matters related to 
it has received a lal’ge amount of attention 
the hands of chemists, the result being that a 
considerable number of derivatives of anthra- 
quinone have been prepHred and examined. 

Most of these are either colouriflg matters 
themselves, or easily converted into such, 
several of them being obtained on the large scale 
in the manufacture of alizarin. 

These derivatives may be divided under the 
following heads : — 

(1) Sulphonic acids oj anthraquinone. 

(2) Monohydroxyanthraquinones. 

(3) Dihydroxyanthraquinones. 

(4) Trihydroxyanthraquinones. 

(5) Higher hydroxylated anthraquinones. 

In this article are included the two dyeing 
matters, Oalloin and CaTulei'n, which are very 
closely allied to alizarin in tinctorial properties, 
and also a brief description of some acid wool 
dyes derived from hydroxy anthtaquinones. 

Sulphonic acids ol anthraquinone. 
Anthraquinone !- (or a ) sulphonic add 

• (1) 

It is a remarkable instance of the influence 
of a catalyst that whilst anthri^uinone ordi- 
narily sulpnonates in the 2- position, yet in the 
presence of quite small amounts of mercury the 
1- position is almost exclusively attacked. 

In preparing anthraquinone-1 -sulphonic acid 
100 parts, of anthraqivnone are heated for three 
hours at 1.30° with 1 10 parts of sulphuric acM. 
containinl 29 p.c. sdlphuric anhydride, and 
0'6 part of mercury. ^ 

The freS acid is easily aohdde in tdoohol and 



Ud AUZAIUN AND ALXJBD 

water, iti lead, barium, and strontium salts are 
very insoluble in hot water. The oaloium salt 
is fairly, soluble, but crystallises on heating the 
solution. The potassium salt occurs in glistening 
yellow leaflets. 

Anthraqulnone-1 : 5- and -1 : 8-disiilphonic 
adds 



The further sulphonation of the a acid in ! 
presence of njercury leads to the formation of 
1 : 6- anthraquinone disulphonic acid, mixed 
with 1 : 8- and 1 ; 7* acids. The same mixture 
is produced by the direct sulphonation of anthra- 
quinone (100 parts) with 200 parts of sulphuric 
acid containing 40 p.c. sulphur trioxide, in the 
presence of mercury (1 part) at 160° for one 
hour. The mixture of acids is converted into 
calcium salt and fractionally crystallised. The 
calcium salt of the 1 : 8- acid is least soluble, 
the middle fraction is the largest and consists 
of 1 : 6-, whilst the calcium salt of 1:7- is 
easily soluble. 

Alternatively and preferably the acids may 
be separated by taking advantage of their 
different solubilities in sulphuric acid. The 
reaction mixture obtained in tne above described 
preparation would be mixed with 100-200 
parts of sulphuric acid (60° Be.), and the 1 : 5- 
acid is then obtained in the crystalline condition 
and collected on asbestos. The 1 : S-isomeride 
is precipitated from the filtrate on the addition 
of half its volume of water. Both acids are 
converted into potassium salts by adding 
potassium chloride to^their hot aqueous solu- 
tions. T|ie success of these sulphonations 
depends very largely on the even distribution 
of the mercury catalyst throughout the mass, 
and to attain this end the mercury may be 
introduced in the form of yellow mercuric oxide, 
or a mercurous or mercuric salt, and intimately 
mixed with the anthraquinone employed in the 
operation. The discovery of a simple method 
of manufacture of these a-sulphonic acids of 
anthraquinone led to a great development in 
the anthracene series of dyes, especially in 
connection with the production of acid wool 
5|yes of the type of Alizarin Saphirol, and a whole 
series of vat dyes, for example, the Algol 
colours {aee Vat Dves). 

The a-Bulphonio acids may also be obtained 
by the oxidation of the sufpho-derivatives of 
anthracene. Thus anthracene a- and 8-disul- 

f honic acids yield anthraquinone- 1 : 8- and 
: S-disulphonic acids re^eotively on treat- 
ment witn nitric acid. Chlorine or bromine 
atoms- in the alpha position in the anthra- 
q^Uipone nucleus may be displaced in favour of 
•^e sulpho-group by treatment of these halogen 
derivauves with aqueous sodium sulphite. 
Neither of these methods possesses technical 
iViportaiice. 

meixUure . — Liebermann and Dehnst (Ber. 
12, 1288), Iljinsky per. 36, 4194), Schmidt 
(Ber. 1904, 37, 66 ; Eng‘ Pat. 10242 and 13808, 
D. R. P. 167121, 164292, ami 167169), 
Oaihi (Intermediate Products for ;&yes, Mao- 
nilQan, 1918, 24% 


COLOtRlNG MATTERS. 

ABllin4iiinone-2- (or /S-J ralphonie «eUi 

iliis acid is formed iogetlier with a certain 
amount of anthr^uinone disulphonic acid by 
heating anthraquinone with fuming sulphurio 
acid to 170° or with ordinary sulphuric acid to 
260°-260°. . 

In preparing it a mixture of one part of 
fuming sulphuric acid (containing 40-60 p.c. 
anhydride) and 1-1^ parts of anthraquinone is 
gradually heated to about 160° and kept at this 
temperature for eight or ten hours, the whole 
being well stirred during the operation. 

The product thus formed consists chiefly of 
the monosulphonic acid together with a little 
disulphonic aoid and unchanged anthraquinone. 
On diluting with water the anthraquinone sepa- 
rates out, and can easily be filtered off, leavmg 
the sulphonic acids in solution. In order to sepa- 
rate the mono- from the disulphonic aoid the 
clear filtrate is neutralised with carbonate of 
soda ( or caustic soda). This causes the difficultly 
soluble sodium salt of anthraquinone mono- 
sulphonic acid to separate out, leaving the 
easily soluble salt of the disulphonic acid in 
solution. , 

The pasty mass obtained on neutralising 
with soda is thorougjily pressed, washed with a 
little watei*‘ and then if required pure recrystal- 
lised from this solvent. In this way a beautiful 
brilliant white scaly crystalline mass is obtained, 
which consists of pure sodium anthraquinone 
raonosulphonate, the so-called ‘ silver salt ’ of 
the alizarin manufacturer. This salt crystal- 
lises with IHaO, and 100 parts of water dis- 
solve 6 ’69 parts at 18°, and 18-88 parts at 
100°. 

The free acid obtained by the addition of an 
acid to the soda salt crystallises in plates. It 
is very easily soluble in cold water and alcohol, 
but almost insoluble in ether. 

Dunsohmann has pointed out that aoida 
other than the jS-acid are obtained in this pro- 
cess and that, after the greater part of the 
' silver salt ’ has separated, further conoentra- 
tion gives a product containing the two mono- 
sulphonic acids of anthraquinone mixed with 
the 2 : 6-di8ulphonio acid. The final mother 
liquor contains the 2 : 7-disulphonio acid. A 
hot saturated solution of the mixed aoids is 
treated with one- tenth of its volume of a 46 p.c. 
solution of sodium hydroxide and cooled to 66°- 
60°, whereupon most of the 2 : 6 -acid separates 
as sodium salt, whilst on cooling the mother- 
liquor sodium anthraquinone- l-snlphonate ciys- 
tallises. To avoid the formation of th^ by- 
products Grandmougimtemploys as sulphonating 
agent an acid containing only 16 p.o, SOt 
1^°, and under these oonditions tt instated 
tW ofily the )S-acid is produced. 

When fused with caustic soda, this acid, (or 
rather its sodium salt) gives first hydroxyanti^ra- 

qiiinone C„H 4 <qq>C 8 H 30 H, and thm 

alizarin ; and, as will be shown later on, aliaadil, , 
when prepared on a manufacturing scale, is In* 
variably formed from the monosulphonic a^idjOf 
anthraquinone, not from the disulphonic netd 
as might be expected. The reason for 
that on fusing hydroxyanthraquinw 
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oauttio soda* a continuous process of oxidation | 
and reduction is curried on, the change being 
represented by the following equation ! 

Ci4H,(0Na)0,+Na0H+0 
Sodium monohydroxyanthraquinonate. 

OHj 

Bodium alizarate. 

the oxygen being supplied at the expense of a 
part of the hydroxyanthraquinone which is 
thereby reduced to anthraquinone. On the 
large scale this reduction is prevented by the 
use of chlorata of potash in the fusion. 

Literature. — Graebe and Liebermann (An- 
nalen, 160, 131 ; 212, 44 ; Ber. 7, 806) ; Grand- 
mougin (Lehrbuch der Farbcn Chemie, 4th ed. 
1913, 260) ; Diinschmann (Ber. 37, 321). 

Anthraquinone-2 : 6- and 2 : 7-disuiphonic 
acids (a- and /S-disulphonic acids respectively), 

(Y 

SO.hVXco/V 

UxcoA/ 

• • 

In the presence of the mercury catalyst anthra- 
quinone-2-Bulphonio acid is attacked in the 
positions 5 and 8, yielding anthraquinone- 1 : 0- 
and 1 : 7-di8ulphonic acids, the constitutions 
of which have been proved by conversion into 
the corresponding hydroxyanthraquinonea by 
heating under pressure with milk of lime. On 
the other hand, sulphonation, m the absence of 
mercury, of either anthraqumone or its )8 -bu 1- 
honio acid, yields a mixture of the 2 : 6- and 
: 7-acids. I'he higher the temperature the 
greater the proportion of the a- or 2 : 6-acid 
which is formed. 


(1) A mixture of 10 kilos of anthraquinone 
and 20 to 30 kilos of funung sulphuric acid, 
containing 46-50 p.c. SOn, is heated to a tem- 
perature of 160°-170® until a sample taken out 
IS found to dissolve completely in water. The 
product is then heated another hour to convert 
any mono- into disulphonifi acid, poured into 
water, neutralised with caustic soda, and 
evaporated.— (2) 10 kilos of anthraquinone, 12 
kilos of hydrogen sodium sulphate, and 40 
kilos of ordinary concentratqji sulphuric acid 
are heated under pressure for five or six 
hours to 260°, the product treated with water, 
and the acids. converted into sqjiium salts as 
above. 

In concentrating the solution of the sodium 
salt obtained by either of the above methods, 
the sodium salt of* the a-aoid crystallises out 
first, the more readily soluble salt of the j8-acid 
remaining in the mother-liquors, and thus by 
repeated recrystalhsation, the two acids are 
easily separated from one another. 

The free acids obtained by decomposing the 
salts by an acid are both readily soluble 
in alcohol and water, but insoluble in ether 
and bemene ; the a-acid crystallises in small 
yellow crystals, the jB-acid in beautiful yellow 
plates. 

The salts of the a-acid are sparingly soluble 
j in water and crystallise with difticulty ; those of 
the /8-acid are readily soluble and crystallise 
with the greatest ease. 

The sodium salt of the a-acid crystallises 
with 7H,0, that of the /8-acid with 4H|0. 

LUerature . — Schultz (Chemie des Stein- 
kohleiithecrs, 709, 712) ; Perkin (Chem. Soo. 
Trans. 1870, 133) ; Graebe and Liebermann 
(Annalen, 160, 134) : Crossley (J. Amer. Chem, 
Soc. 1915, 37. 2178). • 

The relation of the various colouri^ matters 
of this group to anthracene, anthraquinone, and 
its sulpnonio acids is easily understood from the 
followmg table (Schultz) : — 


Anthracene 


Anthraquinone 


(a- & /3-) Anthracene disulphonic acids 


(a- A /S-) Monosulphonic acid (a- A /3-) Disulphonic acids (x* A p-) Disulphonic acids 

« P X P 

I I 1 1.1 

a- A j9-Hydroxvanthraquinones Anthrafiavio acid Isoanthraflavic acid Chrysazin Anthrarufin 


Alizarin Flavopurpurin 


Thald)6haviour of the anthraquinone disul- 
phonio acids on fusion with potash is exactly 
similar to that of the monosulphonic acid. Just 
as this acid on fusion with potash is first con- 
verted into monohydroxyanthraquinone and 
dien by oxidation into dihydroxy anthraquinone 
(alizarin), so the anthraquinone disulphonlo 
aoids in the first place yield the corresponding 
%dzoxyan thraquinones, which then by the 
ffimeor a^on of the potash are converted into 
ttSrmhro^antliiaquinones^ 

The sulphonio acids of anthraquinone are 


I I I 

Isopurpurin Hydroxy- Hydrox;^an- 

(Anthrapuipurin) chrysazin tnrarufin 

• 

important intermediates apart from their con- 
version into the various hydroxy derivatives. 
The aulphonio group may be displaced by 
amino, alkylamino-, and arylamino- groups, 
usually by treatment with ammonia or an 
amine at a high temperature and occasionally 
in the presence of a copper compound, sodium 
carbonate, nr an oxidisijilg agent. Moreover, the 
ohloro- derivatives of anthraquinone are mesMi 
conveniently prepared Ify the action of sodihin 
chlorate on a solution of an aath^niiiKIpe 
euphonic a(9id in dilute hy<i|||bchloric acid at 
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90®-100®. For examplo, 1 : 6-dichloroantiira- 
quinone used for the manufacture of Indanthrene 
Violet K.N. is obtained in this way from 
anthraquinone-l : 5-disulphoiiic acid (D. R. P. 
205195). 

Hydroxyanthraqulnones. 

I. Monohydroxyanthraquinones 

1- Hyd^oxyant^raquinone. Erythroxyanthra- 
qulnone. 

This substance Cs formed together with 2- 
hydroxyanthraquinone by strongly heating a | 
mixture of phenol and phthalic anhydride with I 
sulphuric acid 

“C.H.<™>c.H,(0H)+H,0 

Also by heating 1-bromanthraquinono with 
potash to 100® or by acting on l-amidoanthra* 
quinone with nitrous acid in concentrated 
sulphuric acid solution. 

The most satisfactory method jof prepara- 
tion consists in heating anthraquinone-l-sul- 
phonio acid with water and an oxide, or hydrox- 
ide of an alkaline earth metal under pressure. 

l-Hydroxyanthraquinonc crystallises from 
alcohol in orange-red needles which melt at 
190°. When fused with potash it gives alizarin. 
The substance does not dye mordanted fabrics. 

1-Acetoxyanthraquinone, prepared by boil- 
ing erythroxyanthraquinone with acetic anhy- 
dnde and somum acetate, crystallises in yellow 
needles from alcohol and melts at 176°-179°. 

1- Methoxyanthraquinone is obtained by 
the action of boiling methyl alcoholic potash on 
1 -nitroanthraquinone. 

This is the simplest example of a very general 
reaction in the anthraquinone series. The sub- 
stance is yellow, miorocrystalline, and melts at 
140®-146®. 

LiteraiiJire.-^BaeyQV and Caro (Ber. 7, 969) ; 
Pechmann (Ber. 12, 2128) ; Rbmer (Ber. 15, 
1793), Liebermann and Hagen (Ber. 16, 1804) ; 
Hoeohste Farbwerke (D. R. P. 97688). 

2- Hydroxyanthraquinone. 

This substance is obtained synthetically (to- 
*gether with erythroxyanthraquinone) by boating 
a mixture of phenol, phthalic anhydride, and 
sulphuric acid. The mixed hydroxyanthra- 
qulnones can be separated by means of baryta 
water, since the barium salt of 1- hydroxy- 
anthraquinone is insoluble, whilst the 2- hydroxy 
compound is easily soluble. It crystallises from 
alcohol in yellow plates which melt at 323® and 
readily sublimes at a higher temperature^ 

It can be obtained in various ways from 
anthraquinone or its derivatives. 

An easy preparation consists in melting 
anthraquinone sulphonic acid or 2- bromanthra- 
quinona jfrith potash. 

> The action of ammonium persulphate on a 
eolation of anthraquinone in concentrated sul- 
phmio acid containing sulphur trioxide leads 
ML the pr^uction of 2-hy^xyantMaquinone, 
Waiin^ 'and purpurin. ^ . 

\ Alizarin is reduced to 2-hydrWxyanthra- 
qAcne by tha^^. action of alkali|\e stannous 
chloride; or allzlrin amide* obtained by the 


I action of ammonia on alizarin^^ yields this sub- 
stance when treated with ethyl nitrite. 

' A very curious reaction of this hydroxy, 
anthraquinone, and one which involves migra- 
tion of an oxygen atom, is its conversion to 
quinizarin by treatment with nitrous acid in 
sulphuric acid solution and in the presence of 
boric acid. 

Literature . — Graebe and Liebermann (An- 
nalon, 160, 141); Baeyer and Caro (Ber. 7, 
969) ; Liebermann and Fisher (Ber. 8, 976) ; 
Liebermann (Annalcn, 183, 208) ; Wacker (J. Pr. 
Cbem. [2J 64, 89); Bayer & Co. (D. R. P. 86830). 

Dihydroxyanthraquinolies. 

Alizarin 

1 : 2-dihydroxyanthraquinone 



Alizarin occurs in madder as the glucoside 
ruberythrio acid, and also in Chay root {Olden- 
landia unihelhita) and some species of rhubarb. 

It is obtained from its glucoside by the action 
of dilute acids or of ferments. 


+ 2H,0 = -f 2C,H,,0.. 

Huberyilutlc acid. Alizarin. Qluoose. , 

It may bo prepared artificially by many 
methods. , , 

Thus alizarin is produced by fusing dichlor- 
anthraquinono, dibromanthraquinone, anthra- 
quinone, mono- or di-sulphonio acids with 
potash. Rufigallio acid yields alizarin when 
reduced with sodium amalgam. 

On the other hand, anthraquinone may be 
directly oxidised to alizarin by the action of 
ammonium persulphate in concentrated sulphuric 
acid solution. 

Good yields of alizarin are said to be obtained 
by heating anthraquinone with sodium chlorate 
and a mixture of sodium and potassium hy- 
droxides in aqueous solution at 200®. This 
process is used for the manufacture of alizarin, 
but it is not clear that it has entirely displaced 
the older process shortly to be described. 

Hystazarin undergoes isomerio change to 
alizarin when heated with concentrateii sulphuric 
acid to 200® for two and a half hours. 

Alizarin may be synthesised by processes not 
involving the intermediate formation of anthra. 
quinone. 

Together with hystazarin it is produced when 
a mixture of catechol and phthalic anhydride is 
heated with sulphuric acid at 200®. 

C,H.<^g>O + C,H.(0H). 

Phthalic ahhydridC’ Catechol. 

, “ C,H,<;gg>C.H.(OH).l : 2 + H.O, ■ 

. Alizarin. 

A method somewhat similar in principle iz 
the following : — 

Hemipinio anhydride condenses with 
in the presence of aluminium chloride, yielding 
the methyl ether of dihydroxybenzoyfbetuu»£ 
acid. This latter substance, treatment Mh 
hot Bulphurio acid, is oonvel^d into uiearin 
methyl ether, which is hy^olysed by alumihltrin 
ohlonde to alizarin. Tlie follotring loriafll^ 
represent this series of reactions 
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m 


VNo/ 

OH pQ 

■ “•“fV^-'A.CK.O, 

\/\:jooh^/ 


OH 


-> MeO. 

•i 


,CO. 


Alizarin methyl ether. 


+ H3O. 


Lagodzinflki has converted 1 : 2-anthraqui- 
none into alizarin by reducing this o-quinone to 
1 : 2-dihydroxyanthracene, the diacetyl deriva- 
tive of which yields diacetylalizarin on oxidation 
with chromic acid in acetic acid solution. The 
diacetate is then hydrolysed. 

Finally, alizarin is frequently formed in 
relatively small proportion in I*','' reduction of 
l-nitroanthraquinoue, for example, by Ux^cns of 
sodium sulphide. 

Manufacture (^f Alizarin. 

1. Anthraquinone pror.ess. — Antffracene, the 
basis of alizarin, is obtained entirely from the 
coal-tar oils boding above 300®, the so-called 
‘ last runnings’ of the tar distiller. These 
heavy oils are redistilled and the anthracene 
oils collected as soon as the distillate on cooling 
commences to solidify. In this way a semi- 
solid greenish-looking mass is obtained, which, 
after roughly ^eing from excess of oil by treat- 
ment in h 3 ’draulic presses, is the starting-point 
in the alizarin factory. This crude product con- 
tains only about 3CM0 p.c. anthracene, the re- 
mainder consisting of pnenanthrene, naphthal- 
ene, oarbazol, and small quantities of other 
hydrocarbons. 

The first operation necessary in the manu- 
facture of alizarin is that of purifying the crude 
anthracene obtained from the tar distillers, in 
order to obtain a product fit for the subsequent 
oxidation to anthraquinone. 

This process of purification varies consider- 
ably in different countries, but the followmg 
method may be given as having been used with 
much success. 

The crude anthracene is first wound between 
edge-runners, and then thoroughly agitated with 
bouing petroleum spirit in large iron vessels 
fitted with stirrers and heated with steam. 

About 1500 to 180^1 lbs. of crude anthracene 
and 300 gallons of petroleum spirit are used in 
one operation, the amount of the lattei^varymg 
slightly according to the quality of the anthra- 
cene employed, j^er boiling for an hour or 
two, the product is allowed to cool, filtered 
through coarse canvas, and the anthracene on the 
filter washed with a ^tle clean petroleum spirit, 
tiu) pasty mass thus obtained is next treated 
adth steam to remove the excess of petroleum 
ffphdt, and then sublimed. The sublimation pro- 
xi/m is best carried out by mating the anthra- 
, ttm hi an iron poL oallea the ’ subliming ^t,* 
ahit blowing tn superheated steam. This 


carries the anthracene vapotir forward through 
a long p^, vdiere it meets a spray of water, 
which serves to condense both it and the Bteam« 
The anthracene is thus obtained in an extremely » 
finely divided state, much more suitable foe 
oxidation than when simply ground under edge- 
runners as it used to be. ^Another process of 
purification of anthracene consists in washing 
m a neutral solvent, such as coal tar naphtha, 
with concentrated sulphuric acid. This treat- 
ment removes the basic impurities, and the 
anthracene is further purified by sublimation. 
The next step consists m converting the anthra- 
cene into anthraquinone hy oxidation With 
bichromate of* potash (or soda)-and sulphuric 
acid — an operation which is usually done m the 
following way ; — The anthracene is placed in 
lead-lined tanks \yth about twice its weight 
of the bichromate (dissolved in water), the 
requisite amount of dilute sulphuric acid is 
slowly added, and the mass kept well boiled 
and agitated by a steam jet connected with a 
Korting’s injector. 

The whole is then transferred to settling 
tanka, the crude yellowish-brown anthraquinone 
well washed by decantation until free from green 
chrome liquors, well drained, and freed from 
water aS( c6mpIelely OS possiM® by placing it in 
canvais bags and exposing it to great presirare in" 
a hydraulic press. The amount of oxidiser re- 
quired to convert the crude anthtacene into an- 
thraquinone is of course regulated by the purity 
of the sample employed, pure anthracene re- 
quiring about 1‘66 times its weight of potassium 
bichromate to convert it into anthraquinone. 

Instead of potassium bichromate, the sodium 
salt is now very often used on account of its 
cheapness. 

The anthraquinone Uius obtained is still veiy 
impure, and must be carefully purified before it 
can be converted into sulphonio acid. In puri- 
fying anthraquinone two methods may be 
employed : 

( 1 ) The anthraquinone is sublimed, and then, 
if necessary, recrystallised from high boiling 
coal-tar naphtha. ^ 

(2) The anthraquinone is treated with con- 
centrated sulphuric acid. 

When the first process is employed, the an- 
thraquinone is melted in iron pots and subjected 
to the action of super heated steam. The steam 
carries the vapour of the anthraquinone with it, 
and on condensation a fine, almost impalpable 
powder is obtained, which, when dried and re- 
crystallised from high- boiling coal-tar naphtha, 
consists of nearly pure anthraquinone. 

In this country this process has now been 
almost abandoned ; method (2) having entirely 
taken its place. 

'Hie working of this method is based on the 
fact that crude anthraquinone when treated with 
sulphuric acid at 100° dissolves, but is not acted 
on. The impurities, however, l^ome converted 
into sulphonio acids, which, being easily soluble; 
can be removed by treatiifg the productwithwater, 
when nearly pure anthraquinone is left behind. 

In carrying out this operation a mixture of 
1 part of crude antbraqumone and 3 of 
sulphuric acid is placea in large okoulair IM- 
linw iroi| pots, and h^ted by steam t<xc twenty^* 
lour hours, the whole being oontinuously 
by a stirrSir. 
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The bleohiah-lookuig product is theu rua into 

eir, or ft gentie ourcent of steam, until the aoi§ 
hftft become diluted. In a short time anthraqui- 
none separates out as a l%ht<brown crystallme 
owder, which, after wash^^by dilute soda and 
y decantation, pressing, and thoroughly 
drying, is found to oont^ about 95 p.c. of 
pure substance. 

Aocordii)^ to recent patents anthraquinone 
is best puiined by crystallisation from liquid 
sulphur moxide o]t 4 from aniline. 

The following account of the manufacture 
of anthraquinone is given by Cain (Manufacture 
of Intermedia^ Products for Byes, p. 235) as an 
abstract of a communication by Grandmougin 
(Rev. prod. chim. 1917, 20, 20) : — ‘ The oxidation 
is effected in lead-lined tubs of about 10-12 
cubic metros’ capacity (ab 6 ut 2600 gallons), 
fitted with lead-covered agitators and direct 
steam pipes, also of load. 150 kilos of sublimed 
anthracene are mixed with 3000-4000 litres of 
water, and the mixture is heated at 75° ; 2000 
litres of a solution containing 300 kilos of sodium 
dichromate and 600 kilos of sulphuric acid 
( 66 ° Be.) are now run in slowly, the temperature 
being gradually raised to about* 95°. Tim. 
oxidation reqqij'''** ^iiteeh ndurs, and 

jrtf'i 8 “important not to add the chromic acid 
CKilution too quickly or to work in a too con- 
centrated solution, otherwise much frothmg 
occurs. 

‘Tests are made by filtering a sample, 
washing, and subliming it over a naked fiame. 
With a little practice it is easy to distinguish 
the fine needles of anthraquinone from the 
silvery leaflets of anthracene. The absorption 
of the chromic acid can also be ascertained by 
titration with ferrous ^sulphate. When the 
operation i^ finished, the contents of the tub 
are run into an egg and blown through a filter 
press, where the anthraquinone is thoroughly 
washed, the filtrate being collected in order to 
recover the chromium. The yield from an 
anthracene of good quality is about 110 parts 
of anthraquinone from 100 parts of anthracene. 
The anthraquinone so obtained is purified by 
sublimation vrith super-heated steam , the pan 
is heated by super-heated water and the sublimed 
anthraquinone condensed by means of a water 
iet.* 

Other processes for the oxidation of anthra- 
cene have been suggested but have not yet 
dis^laoed the chromic acid method, A brief 
•umnuu^ of these methods may be appended 

(1) Oxidation of anthracene by oxides of 
nitrogen ^ oxygen alone or in the 
pietenoe of various oatedysts or substances 
capable of absorbing the oxides of nitrogw. 
Occasionally the anthracene is mixed /’vith 
neutral substances, such as powdered glass or 
pumice. In one process anthracene is added to 
a solution of nitrogen peroxide in nitrobenzene 
and the temperature gradually raised to 100 °. 
Anthraquinone is formed, and the nitric oxide 
III recovered and converted into peroxide for 
use in a further operation. 

(|J) Oxidation of anthra^e by nitric acid. 
This is mmaUy carried out in nitrobenzene 
ndution and sometiines the pre^oe of 
mer^c nitrate. 

, (1} Oxidation of anthracene bv means of 
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sodium nitrate in the presence of magnesium 
chloride between 125° and 146°. 

(4) Oxidation of anthracene by oxygen in 
the presence of aqueous ammonia and copper 
oxide at 170°. Nickel, cobalt, iron, and lead 
compounds may be used as catidysts instead of 
copper oxide. 

(5) Electrolytic oxidation of anthracene may 
be carried out m a chromic acid bath or in 20 
p.o. sulphuric acid solution in the presence of 
cerium sulphate. 

( 6 ) Oxidation of anthracene by means of 
ozomsed air. In this case the hy^ocarbon is 
dissolved in sulphuric acid. 

(7) Oxidation of anthracene bj, means of a 
chlorate in aqueous solution in presence of an 
iron salt. 

The following patents deal with the oxida- 
tion of anthracene : Eng. Pats. 5539, 1892 ; 
17635, 1901; 759, 1882; 19178, 1902; 8431, 
1887; 16312, 1909; 11472, 1910; 12066, 1914; 
5614, 1916. Fr. Pats. 220621, 149017, 328069, 
416735, 472216. U.S. Pats. 729602, 767136, 
1083051, 1103383, 1119646. Ger. 68474, 
137495, 21681, 109012, 152M?, 216336, 207170, 
234289, 2547 J';, :^ 456623 , 268049; Anm. ii. 

mm. 

The next stage in the manufacture of aJkann* 
is the conversion of anthraquinone into its 
sulphomc acid. p 

Tills operation, which consists iu heating 
anthraquinone with fuming sulphuric acid, is 
conducted in lasge iron pots capable of holding 
from 30 to 40 gallons. The amount of fuming 
sulphuric acid employed depends on the nature 
of the sulphonic acid required. In preparing 
the monosulphonio acid, 1 part of fuming acid 
, (contained 40-60 p.c. SO 3 ) and 1 to 1^ parts of 
anthraquinone are used. 

The mixture is gradually heated by means of 
an oil-bath to 170®, or even to 190®, and kept at 
this temperature for eight or ten hours, the 
I stirrer being kept constantly in motion. 

I The product, which contains, besides anthra- 
quinonemonosulphonio acid, a little disulphonic 
acid, and some unacted-on anthraquinone, is 
diluted with water, passed through a filter-p^s 
to remove the antl^aquinone, and neutralised 
with caustic soda. 

In a short time the whole becomes quite 
thick owing to the separation of the sparinglv 
soluble soda salt of anthraqumonemonosul- 
phoiiio acid, the easily soluble salts of the di- 
sulphonic acids remaining in solution- 

The crystalline salt is collected in filter- 
presses, washed with a little very dilute sul- 
phuric acid, and thus obtained practically pure 
in beautiful, brilliant, pearly scales. 

In preparing the disulphonic acids of anthra- 
, quinone, the operation is similar to the above, 
tue only difference being that more fuming 
sulpburio acid is used and the sulpbonatioD 
conducted at a much higher temperature 
(about 260®). 

The next operation consists in the oonveruon 
of the product just described, and called * soda 
salt,’ into colouring matter, a change which k 
accomplished by heating it strongly with oauitio 
soda and a little potaseJum chloratei 

If the potasuum chlorate is uot addecL & 
considerable loss is incurred owing to the le* 
duoing action of a large quantity of naaoenl ' 
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hydrogdt:^ sniM/aya formed duiiog the fusion, Tim filtrate is mixed with 89 kUiM oeuetto eodLa , 
which converts the soda salt partially into an- an amount which still leaves the liquor stroi^y 
thraqtiinone and fiydroanthraquinone. Hie acid, being only about three-eighths of that 
fusion is conducted in large wrought-iron oylin- theorotically required for neutralisation. Hie 
ders fitted with stirrers and heated with hot air. difficultly soluble ‘ silver salt ’ separates, and is 
The usual charge is 700 lbs. caustic soda (70 p.c.) oolleotea in a press. The filtrate is submitted 
dissolved in water, 1300 lbs. of a concentrated to vacuum evaporation to 23®-2^" B9. (toeasured 
solution of * soda salt,* and 13 to 15 p.c. of while hot), and underneath the evaporator 
potassium chlorate, the amount of this latter there is a y at provided with stirring apparatus, 
substance varying slightly with the nature of and into which the liquor is allowed te run for 
the salt used, the monosidphonic salt requiring crystallisation. The process is facilitated by 
more chlorate than the disulphonio salt. providing the vat with a double jacket for 

The temperature is maintained at about 180® cooling. The ‘ silvor salt ’ is collected in a 
for at least twenty-four hours and often much filter press and washed with brine, in which it 
longer, the pAgress of the decomposition being is sparingly soluble. The yield of dry salt 
controlled from time to time by extracting small amounts altogether to 450-500 kilos. It 
quantities of the molt and examining them in requires no further purification for the prepara- 
the laboratojty. tion of alizarm of^oluish shade. The mother- 

The prodfuot thus obtained is an Intense liquor from the monosulphonate is neutralised 
purple fluid, becoming thick on cooling and con- with lime, and the gypsum separated, after 
taining the colouring matter as sodium salt which the calcium salts are converted into 
besides sodium sulphite and an excess of caustic sodium salts by means of sodium carbonate and 
Boda. the solution again filtered from chalk. Evapora- 

To separate the colour the melt is run into tion yields the 2 : 6- isomeride, and finally the 
large wooden tanks, diluted with water, and ^ • 7-» hut it is perhaps more usual to blow the 
boded with dilute sulpliurio acid. concentrated muture directly into the alkali 

This causes the souition to become orange in fusion apparatus. The fusion of silver with 
colour owing to the precipitation of artificial alkali is earned out in a series of horizontally 
alizarin. placed cylmders provided with stirring gear and 

After being allowed to tfjttle, the gupernatant heated by moans of super-heated steam. They 
liquor is run off, the alizarin forced into filter- have to bo capable of resisting a pressure of 12 
presses and carefully waslunl until free from atmospheres. The capacity is about 3550 litres, 
acid and saline matter. 1'he colouring matter and they are about 2000 mm. have an 

is then made up to a definite strength (JO p.c. or inside diameter of 1400 mm. Hie following 
20 p.o. paste as required) by transferring it to example of a fusion may be regarded as tjyicaJ ; 
large wooden tubs fitted with powerful stirrers, 1687 cbm. of caustic soda solution (46®^ B^.) 
ana thoroughly mixing it with water. containing 1030 kilos NaOH, together with 125 

Pure alizarin thus prepared produces a blue kilos saltpetre, are introduced into the pot and , 
shade of Turkey-red, and anthrapurpurin (pro- heated to about 126“, after which 626 kilos of 
duced by fusing sodium anthraquinonedisulpho- moist silver salt (66*4 p.c.), corresponding to 415 
nate with caustic soda) a red shade, so that by kilos of the dry substance, are gradually added, 
varying the amounts of these two constituents The temperature is then raised to 180®, and the 
any intermediate shade required by the market piossure reaches 4-4 *6 atmospheres. After 3^ 
can be obtained. 48 hours the process is usu^y complete. This 

The foregoing may be now supplemented by is confirmed by testing a sample by boiling with 
a description of the manufacture of alizarin milk of lime, filtering irom the sparingly soluble 
which is given by UUmann. The sulphonation calcium alizarate and acidifying the filtrate, 
of anthraquinone is carried out in acid-resisting when an inoomplete operation is indicated by 
cast-iron vessels heated by super- heated steam, the separation of golden flakes of oxyanthra- 
The pots have a diameter of 1165 mm., and quinone. The melt is diluted down to 6® B^. 
height of 1235 mm., and are surmounted by in large lead-lined tanks, and acidified at 60® 
covers which are fitted with a manhole, stirrer, with sulphuric acid. For alizarin of espeoially 
pipe for introducing pressure, plunging tube for blue shade the diluted alkali fusion melt u 
thermometer, and a oontrivanoe for ^oautomatio treated in boiling solution with milk of lime 
registration of temperature. 300 kilos of until a drop of the liquid placed on filtor-pa^ 
sublimed anthraquinone and 200 kilos of gives a clear red rim. The calcium salt is then 
recovered quinone (the portion of the substance separated and decomposed with hydroohlorio 
which is recovered frorn the sulphonations) are acid. The precipitated alizarin is collected in 
mixed with 400 kilos of oleum (20 p.c. SO,) and filter presses and washed until the filtrate is 
200 kilos oleum (60 p.c. SO,), and the mixture free frem acid. The press-cakes are analysed for 
heated at 146® during eight hours. Tfeis pro- content of anhydrous ash-free alizarin, and on 
oedure mav be modified introducing half the the basis of the analysis a 20 p.c. paste is made 
amount of acid and heating four hours, after in a special mixer made of pitoh pine. The 
which the remainder is introduced during three paste has a thin appearance, but if it should be 
horns more, and in one or two portions. Before desired thicker it suffices to add 0*5-1 p.o. of 
the reaction aaaas cools it is forced into a kod- salt. The thickening of the paste which follows 
lined vat oontahiing 1*9-2 cbm. water with is a most singular ^enomenon, and resembles 
oonthiuous stirring. Further dilution to 9 in appearance the salting out of a dye ^thoug^ 
obte- is then maim, and the mixture heated of course, the suspended solid is not inoreaMd 
wtbe introduction of steam. Between 80 and in amount) For some 'Eastern markets a still 
IzO. kilos of anthraquinone remain unattacked thicker paste is prepared by the addition^Of 
and axe recoversd by filtration through a press, glyeerin, dettrin, molasses, or stuoh. Alizam 
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in lumps of such a character that paste may be 
orepar^ from them as desired is made by mixing 
20 p.c. paste with starchy and then filtering off 
anq very carefully and gradually drying the 
mixture. As much water as possible is removed 
by pressure, and tlic remainaor in a vacuum at 
a temperature not Exceeding 60°. Buring the 
whole process of alizarin manufacture it is most 
important that the water used should be soft 
and as free as possible from iron. Iron in the 
water will absolutely ruin the value of a batch 
of alizarin from tlie point of view of purity of 
shade. If through g^ome defect in the apparatus 
a batch should become contaminated it is 
useless to atteih'pt to purify the dye by solution 
in alkali, and repreeipitati'on with acid in view 
of the circumstance that the objectionable iron 
derivatives {cj. the alizarinferrates below) are 
reprecipitated along with the colouring matter. 
The best treatment is with hot dilute hydro- 
chloric acid and just sullicieiit iiotassium chlorate 
to produce a clear yellow colour. 

2. Dichloranlhmcvnc process . — In manufac- 
turing alizarin by this process, which appears 
to have been abandoned m favour of that already 
described, it is necessary, in the .first place, 
to purify the anthracene used much more 
thoroughly than is the case m the anthia- 
quinone process. 

For this purpose the anthracene, after washing 
with petroleum spirit os described m the last ! 
process, is submitted to distillation with potash 
This removes the carbazol and the phenolic sii b- 
stances present in the crude anthracene, and as, 
besides this, a considerable quantity of the other 
impurities are cli.'irred during the distillation, 
the anthracene resulting, although still very im- 
pure, is found to be greatly improved in quality. 

In carrying out this^ operation 100 parts of 
washed anthracene, 30 parts of potash, and 6 
parts of powdered lime are thoroughly ground 
together under edge-runners, the mixture intro- 
duced into iron retorts and distilled. The dis- 
riUate, which consists of palo-yollow cakes con- 
taining about 60 p.c. of pure anthracene, is now 
sufficiently pure for conversion into dichlor- 
anthracene. 

In chlorinating anthracene, leaden chambers 
are used, technically known as ‘ chlorine ovens.’ 
Those are 10 ft. long, 4 ft. 6 in. wide, and 1 ft. 6 in. 

and are used in pairs, connected at one 
end in order that any chlorine escaping from the 
first oven may come in contact wdth a fresh 
amount of anthracene and thus prevent loss. 

400 lbs. of anthracene are put into each oven, 
and subjected to the action of a rapid'eurrent of 
ohlorkw for about five or six hours. 

The anthracene first fuses and gets dark in 
colour, hydrochloric acid being evolved in abun- 
dance ; but after a time this fluid product begins 
to deposit crystals and soon becomes a semi- 
solid mass. In order to purify this crude pro- 
duct,^ it is first freed from hydrochloric acid by 
urMhum wdth dilute caustic soda, and then 
pfeesea between bnen cloths in a hydraulic 
^prem, by which means a considerable quantity 
of a thick dark oily product, technically known 
as ’ chlorine oils,* is got rid of. 

The yellow cakes of di<^hloranthracene thus 
ohtainea are still not pure enough foiCuse ; they 
mti0|b next be soaked in ooai*tar i^phtha for 
eosae thne and pressed, this operation b^g re- 


peated until a product is obtained which con- 
tains 84 p.c. of pure substance. 

The next process consists in converting the 
dichloranthracene into the sulpho- aci^ of 
anthraquinone by treating it with ordinary con- 
centrated sulphuric acid. This decomposition 
is accomplished in iron pots capable of holding 
about 30 gallons and fitted with iron covers in 
which there is an opening for the escape of the 
acid vapours formed during the reaction. 

'I heso pots are charged with 360 lbs. of oon- 
contratod sulphuric acid and heated to 140°"160* 
by means of an ordinary fire, the dichloranthra- 
cerie (70 lbs.) being shovelled in irhsmall quanti- 
ties at a time. After all the dichloranthracene 
has been added and the frothing due to the 
evolution cf the hydrochloric and sulphurous 
acids produced during the decomposition has 
8ub.sided, the temperature is gradually raised 
to 2t)0° and then maintamed at this point until 
a sample taken out on a glass rod and diluted 
wdth water forms a nearly clear solution devoid 
of fluorescence. 

'Phe product contam.s now the mono- and 
disulphonio acids of anthraquinone, the latter of 
which greatly predominates. 

These crude sulphonic acids are next diluted 
with water m a large wooden tank and boiled 
with slaked lime until neutralised. The neutral 
product IS til 11 forced^ into filter presses to sepa- 
rate the calcium sulphate, the clear filtrate mixed 
with the washing of the calcium sulphate, evapo- 
rated until it contains about 16 p.c. of lime 
salts, ^ and then treated with sufficient sodium 
carbonate to precipitate aU the lime as carbonate. 

The solution of the sodium salts of the sul- 
phonic acids is siphoned from the precipitated 
calcium carbonate, concentrated until it contains 
30 p.c. of soda salts, and then converted into 
colouring matter by fusion with caustic soda, as 
described in the last process. 

3. Direct conversion of anthraquinone into 
alizarin . — In the preparation of anthroquinone- 
)5-8ulphonic acid it is very difficult to avoid the 
production of some disulphonio acid, and even 
if the alizarin is purified as described below, the 
shades obtained on mordanted fabrics are not 
quite identical with those given by the chemioally 
pure dyestuff. The Bacfische Anilin und Soda 
Fabiik claim (B. R. P. 1 16526) that a remarkably 
pure alizarin dyeing bluish shades of aUzarin 
red on the usual alumina mordant may be pre- 
jiared from anthraquinone under the following 
conditions: — Anthraquinone (100 parts) U 
heated with a solution of sodium or potassium 
hydroxide (300 parts) and sodium chlorate (20- 
30 parts) in water ( 100 parts) at 200° in an open 
vessel or autoclave unty, the oxidising agent is 
expended. The product is dissolved in water 
and air blown in order to oxidise anth T s.pn| B, 
and th(> alizarin is then prooipitat^ by the 
^dition of milk of lime. The precipitated Mlt 
is decomposed by hydrochloric acid, and the 
alizarin is separated f^m acoompanjdng anthra- 
quinone by solution in dUute aqueous soffittU 
hydroxide and acidification of the filtered solu- 
tion. Other processes hare been suggested in 
which anthraquinone is heated with sodium or 
potassium hydroxides in the presence of dodium 
sulphite, with or without an oxidising agen^ 
auoli as sodium ohiorate. 

Pnrifientton of trtlfleial gttiiriiL 
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meroial alisftrin oontains as imparities hydroxy 
anthraquinone, ai^rapurpunn, flavopurpurin, 
and small quantities of other colouring matters. 

In order to separa+e the alizarin from these, 
the orude commercial product is dissolved in 
dilute caustic soda, and the solution treated with 
carbonic acid until two-thirds of the colouring 
matter has been precipitated as acid sodium salt. 
The precipitate is collected, washed with water, 
decompose with hydrochloric acid, the crude 
alizarin thus obtain^ dissolved in caustic soda, 
and the treatment with carbonic acid repeated 
twice more. 

The purified product is then boiled with 
baryta water to remove hydroxyanthraquinono 
and anthraflavic acid (which dissolve), the barium 
salt of alizarin is collected, washed, decomposed 
by hydrochloric acid, and the alizarin either 
sublimed or reorystallised from alcohol. 

Another method of separation is based on 
the temperatures at which the various con- 
stituents of the mixture sublime. Alizarin itself 
sublimes at 110°, flavopurpurin and anthia- 
purpurin at 160° and 170° respe<’tivcly. 

Alizarin crystallises from alcohol m red 
needles or prisms, which melt at 282°. With 
care alizarin can be sublimed m magnificent 
deep-red prisms, which, if the operation be per- 
formed on a large scale, ^ay be obtained over 
an inch in length. ^ 

It dissolves in alkalis with a purple colour, 
and is completely precipitated from this solution 
by the addition of lime or baryta in the form of 
a blue precipitate of the calcium or barium salt. 
Heated with acetic anhydride to 160° alizarin 
forms a diaootyl compound C,4Hfl02(CaH30)202, 
which crystallises from alcohol in long yellow 
needles, melting at 160°. When treated with 
nitrous acid, alizarin yields anthr^uinone. 
Nitric acid acts violently on alizai’in with evolu- 
tion of red vapours and formation of phthalic 
and oxalic acids. Distillation with zinc reduces 
alizarin to anthracene. 

Alizarin is converted into purpurin by 
means of sulphuric acid at 225°. In Knecht 
and Hibberrs titanous chloride reduction 
method for the estimation of reducible substances 
it is found that one molecule of alizarin requires 
for reduction four atoms of hydrogen. On the 
other hand, Alizarin Orange (see below) is 
reduced to aminoalizorin under similar condi- 
tions. 

When fused with alkaline hydroxide? at a 
fairly h%h temperature, protocatechuic acid and 
benzoic acid are formed. 

Salts of alizarin. Calcium alizarale 

CaCug604,H,0 

is precipitated by adding calcium chloride to an 
ammomacal solution of alizarin as a purple 
mass. Barium alizarale BoCuHaOj.IljO is 
prepared, like the calcium salt, by mixing an 
jtllr^inA solution of alizarin with barium chloride. 
It is de^-violet when moist, almost black when 
and^very sparingly soluble in water. Alum- 
imum alizarale (Ci4H,08)8Al202(?) is obtained 
hry precipitating an alkaline solution of alizarin 
intn alum or aluminium hydroxide. It is a very 
8ne red or rose-red precipitate. Lead alizarale 
Ci^gOfFb is obtained mixing on alcoholic 
nowUpn ol alhuiin with an aloc^Uo solution 
ol ««gar 


Potassium hydrogen alizarate forms a com- 
pound with alizarin, orown-red crystals 
CuH.O^K; 

and a similar ^tpotassium dtalizarate has been 
described. These substances are analogous to 
the quadroxalates. « 

Alizarin can readily be detected by means of 
the spectroscope, as it gives in alkaline solution 
two sharp absorption bands, one at d and one 
near c, as will readily be seen from the accom- 
panying figure, which shov'k the absorption 
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spectrum of a solution of alizarin in alcoholic 
potash. » 

Alizarin ferric acid Fe(0i4H4()4)jH, yields 
well- crystallised sodium, ammonium, and potas- 
sium salts. The latter crystallises with 8H2O, 
and 13 obtained by the addition of alcoholic 
potassium hydroxide to a mixture of alcoholic 
solutions of alizarin and ferric acetate. 

Literature. — Anderson ( J. 1847-48, 749) ; 
Stenhouse (J. 1864, 643); Roohleder (Ber. 3, 
206) ; Perkin (Chem. Soc. Trans. 23, 141) ; 
(Iraebo and Liebermann (Annalen Suppl. 7, 300 ; 
Ber. 3, 359) ; Baeyer and Caro (Ber. 7, 072) ; 
Liebermann (Annalen, 183, 206) ; Liebermann 
and Dehnst (Bor. 12, 1203) ; Schunck (Annalen, 
66 , 187) ; Wolff and Streoker (Annalen, 75, 8) ; 
Lagodzinski (Ber. 28, 1428 ) ; Widman (Ber. 9, 
856) ; Liebermann and Hohenemser (Ber. 36, 
1770); D. R. P. 116526; Perkin (Chem. Soo. 
Trans. 75, 453) ; Knecht and Hibbert (J. Soo. 
Dyers and Col., Doc. 1015); Weinlond and 
Binder (Ber. 47, 977) ; Hofmann, Quoos and 
Schneider (Bor. 47, ?992) ; Heller (Zeitsch. 
Angew. Chem. 1906, 19, 669;. Ber! 41, 361); 
Tyrer (Trans. 97, 1778) ; Hildebrand, RllefBon, 
andBeovo (J. Amor. Chem. Soc. 1917, 39, 2301). 

Other derivatives of alizarin. When treated 
with the ordinary re-agents, such as bromine, 
nitric acid, &c., alizarin forms a variety of 
valuable substitutioi^products, some of which 
are used to a considerable extent as dyeing 
agents. The most important of these are the 
following : — 

Alizarin a-methyl ether 



may be synthesised by the action of diazo- 
methane on an ethereal solution of monodoetyl- 
alizarin. Owing to the fact that monaoetyl- 
aUztMfin is really a mixture of the two possiple 
isomerides, the process results in a mixture 0! 
the two isomenc methyl ethers. Addition of 
alcoholic potassium hydroxide to the mixture 
precipitates the jB-ether as potassium salt, the 
a-methyl ether remaining in the solution. The 
substance crystallises from aqueous methyl 
alcohol in slender orange-yellow needles melting 
at 178°-179°, and identical with a constituent 
of chav root ((^.v.) ^Oesch and Perkin,- Proo. 
Chem. Soc. 1914, 30).» The methoxy ^ups in 
asomatio’ compounds (except the nitropmul 
ethers) are almost always resistant to slnBIhm 
hydrolysiB, but this substance may he hydrolysed 
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to alizarin by tbe prolonfced action of boiling 
aqueous baryta. Acetylalizarin a -methyl other 
ooours in yellow needles, molting at 212®. 

41izai1ii-i3-inethyl ether 

The synthosifl of this substance from hemipinic 
acid has already bpen described. 

It can also . be produced by treating the 
monopotassium salto of alizarin with methyl 
iodide or methyl sulphate. 

The substance crystallises from alcohol, and 
has the melting-point 224°-22()®. 

The dimethyl ether is not obtained by actmg 
on the potassium salt of the ‘monomethyl ether I 
with methyl iodide. ' 

The substance can, however, be obtained by 
reducing alizarin to desoxyalizarin and methyl- 
ating tne latter by means of methyl sulphate 
and sodium hydroxide in the usual manner. 
On oxidation of the resulting product with 
sodium chromate and acetic acid alizarin 
dimethyl ether is obtained lu golden yellow 
needles. It is identical with a product obtained 
from 2-hydroxyanthraquinone by successive 
methylation, nitration, and treatment with 
methyl alcoholic sodium methoxido. 

Oesoh and Perkin (l.c.) have also obtained 
the substance by the methylation of alizarin 
a-methyl ether with methyl sulphate and 
potassium hydroxide. 

Alizarin diethyl ether 

can be prepared by heatkig alizarin with potash 
and potassium ethyl sulphate at IdO® (Haber- 
mann, Monatsh. 5, 228). 

Monobromalizarln 

c,h,<co>o.hbz<oh(') 

T^ derivative con be prepared by heating 
alizarin with bromine and carbon disulphide to 
180®- 190° for four or five hours. 

It is better prepared, however, by sul- 
phonatiug alizarin with fuming sulphuric acid, 
and subsequently treating the solution with 
bfqmine. 

It crystallises from glacial acetic aoid in 
orange-coloured needles, which, when heated, 
first melt to an orange-coloured liquid and then 
aublime in orange-red needles. 

As a dyeing agent, monobromalizarln retains 
all the properties of combining with mordants 
poasesaed by alizarin, and the colours produced 
appear to be equally fast. The shade of cqfour 
moduced is, however, not the same, the reds 
being less purple, and the purples less blue than 
iftiose produced by alizarhi. 

iiileraittrf.— Perkin (Chem. Soo. Trans. 27. 

401). 

3 - Bromo -1:2- dihydroxyanthraquinone 
(Ik K. PP. 77179, 78643) is obtained by the 
action of bromine on a solution of alizarin-3- 
aniphonio aoid at 95®. It Inay or may not be 
idwotioal with ^e above<deacril)^ bromoalizaiin. 
It fqrma brown-red needlea, melting It 260®- 
261^Nnd yields a pade yellow diaoetyl ctarivative, 
.limiting at '204®-205®. The solution of the 


aubatapoe in dilute sodium hydroxide is blue- 
violet. j 

3-Chloro-l : 2-dihy(lroxyaiithraquinone it 

similarly prepared and melts at 270®-271®. On 
benzoylation in pyridine solution a dibemoyl 
derivative, melting at 184®, is obtained. On 
oxidation by means of sulphuric aoid it yields 
3-cAZoro-l : 2 : i-trihydroxyanthraquinone (omoio- 
purpurin), melting at 242°-244®, and on nitra- 
tion in acetic acid solution S-chloro-i-nitro-l : 2- 
dihydroxyanthraquinone is the product. The 
latter occurs in orange-yellow needles, which 
decompose at above 220®. The nitroiyl may 
bo displaced by anilino on heating yje substance 
with aniline, and the product crystallises in 
nearly black needles or plates melting at 223°- 
224® (Heller and Skraup, Ber. 46, 2703). 
a-Nitroalizarin, Alizarin brown, 


pp. /OH (1) 
C6H,<^J^>C,H^0H (2) 

^NOj (4) 

This substance is obtained by treating diacetyl 
or dibenzoyl alizarin with nitric acid. 

It is manufactured by dissolving alizarin in 
fuming sulphuric acid and after cooling to 
-5® to —10®, treating with the calcumted 
quantity of nitric acid dissolved in sulphuric 
acid. 

tt-Nitroalj^arin cryitalbses from alcohol or 
glacial acetic acid in golden-yellow needles, 
melting at 194®- 100®, It dissolves in caustic 
alkali witli a blue-violet colour, but if only a 
minute quantity of alkali is employed the solu- 
tion is of a tine crimson colour. The alkaline 
solution gives two absorption bands similar to 
alizarin. Nitroalizarin is easily reduced in 
alkaline solution with sodium amalgam or 
ammomum sulphide and amidoalizorin is the 
product. 

On warming with sulphuric acid 1 : 2 : 3 : 4- 
tetrahydroxyanthraquinone is produced. 

a-Amlnoalizarin. Alizarin garnet, Alizarin 
cardinal 

ro yOH (1) 

( 2 ) 

(4) 

Thw valuable dye-stuff is obtained by the 
reduction of a-nitroalizarin. It crystallises 
from alcohol in small needles of a nearly black 
colour, but possessing a slight greenish metallic 
refieotion. 

Its alcoholic solution gives two absorption 
bands ; the first is a little beyond d and the 
second near o. There is also a faint line close 
to F. 

An excess of acetic anhydride at the boiling- 
point converts a-aminoalizarin into a diacetyl 
deriv^ive, which crystallises in red-brown leaflets 
melting at 246®, whilst it appears that the mode- 
rated action of the reagent produces an isomeric 
diacetate crystallisii^ in lustrous yellow needles. 
The monobenzQffl derivative is obtained by heating 
a suspension of the substance in nitrobenzene 
with benzoyl chloride.. It occurs in brown 
needles, melting at 810®. Further action of 
benzoyl chloride produces the dibmzoyl deriva^ 
five— ^ht brown needles, melting at 256®. 
a-Aminoalizarin yields a flulph<^o aoid on 
treatment with fuming aoid, sod HUs may Imi 
changed into purpdrin sul^nio add by th« 
action of nitrous acid. The diacooiwm derira- 
m 
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obti^nad from a>aminoftluiirb are rela- 
tively stable, and on strongly heating pmpurin 
is obtained as a ^blimate. Alizai^-<^-aiazo- 
ehloride does not couple with known inter- 
mediate with formation of azo- compounds. 

Dyeing Properties of a-Nitro- and a-Amino- 
alizarin. These colouring matters posses the 
power of dyeing ordinair madder mordants. 
a-Nitroalizarin gives witn alumina mordants 
very clear orange-red colours, not unlike some 
of the colours produced with aurin, and with 
iron mordants reddish-purple colours. Amino- 
alizarin gives with alumina mordants purple 
colours, and with iron a bluish or steel-like 
colour, ^ 

It is used Tor wool-dyeing and calico-printing. 

Alizarin Maroon is a mixture of amino- 
alizarins and purpurins obtained by the reduc- 
tion of the product of nitration of commercial 
alizarin in sulphuric acid solution. On alumina 
mordants it produces a garnet red, maroon on 
chrome. 

Literature . — Perkin (Chem. Soc. Trans. 30, 
678); Brasch (Ber, 24, 1010); Schunck and 
Romer (Ber. 12, 687) ; B. R. PP. 66811, 74431, 
74698 ; Schultz and Erber (J. pr. Chem. 74, 
276). 

)3-NitroaUzarIn, Alizarin Orange 

CO (1) 

C6H,<XX>C^^0H (2) 

j8-Nitroalizarin s prepared by the notion of 
nitric acid on alizarin and also by boiling dinitro- 
2-hydroxyanthraquinone with caustic soda of 
20 p.c. 

It is manufactured in large quantities by the 
action of nitric acid on alizarin dissolved in 
sulphuric acid containing boric acid. The in- 
fluence of the boric acid oh the position attacked 
by the nitric acid is probably duo to the forma- 
tion of a boric ester of alizarin. 

The crude ^-nitroalizarin is purified by 
crystallisation from glacial acetic acid. 

/3-NitroaIizarin crystallises in orange-yellow 
needles which melt with decomposition at 244®. 
When carefully heated it sublimes, with a good 
deal of decomposition, in yellow needles. Dis- 
solved in alkalis it forms a purple solution ; the 
eodium salt is insoluble in an excess of caustic 
soda. The calcium salt is an insoluble violet- 
red precipitate, which is not decomposed by 
carbonic acid (distinction from alizarin). Treated 
with glycerol and sulphuric acid, /3-nitroalizarin 
is converted into alizarin blue. 

. The diacetate of ;3-nitroalizarin crystallises 
in yellow needles melting at 218®. 

,/3-Nitroalizarin is prepared on the large scale, 
and comes into the market under the name of 
‘ Alizarin orange/ In dyeihg it is applied to 
the various fibres in the same way as alizarin ; 
but although it yields fast colours, it hdk as yet 
found only comparatively limited employment, 
Apj^ed to wool, it gives the following shades ; — 

With an alumimum mordant it yields a very 
good mange ; wiUi stannous chloride mordant, a 
reddish or yellowish orange, acoordj;ng to the 
amount of mordant used ; with copper sulphate 
mordant, a good reddi«^-brown is obtained; 
sdib Cetrous sulphate, a purplish-brown; and 
witli Idobfomate of potash, a dull brownish-red. 
The dye may also m applied to unmordanted 


wool in a bath containing acetic or oxalic 
acids. 

Ltterfl/ttre.— Rosenstiehl (Bull. Soc, ohim. 26, 
63) ; Schunck and R6mer (Ber. 12, 684) ; Simon 
(Ber. 16, 692) ; Bayer & Co. D. R. P. 74662 ; 
Bames (J. Soo. Dyers & Col. 16, fl] 11). 

^-Aminoalizarin is c^nged by benzoyl 
chloride into a dibenzoyl denvative, yellow needles 
melting at 262®, and this may be hydrolysed 
by sulphuric acid to a monchenzoate melting at 
276®. In contradistinction from the corre- 
sponding a-derivative, alizamn-j8-diazochloride 
couples with R-salt in alkaline solution, but 
the product has feeble tinctorial power. 

Alizarin Imide. This derivi^ive of alizarin 
is obtained by heating the substance with 
ammonia under pressure (Bayer), and also by 
reducing freshly precipitated alizarin in ammo- 
niacal suspension Vitn zinc dust followed by 
air oxidation of the resulting solution. Accord- 
ing to Prud’homme, alizarin and other hydroxy- 
anthraquinones may be converted into con- 
densation products with ammonia by heating 
in glycerol with ammonium carbonate. Scholl 
and Partheg prepare the substance by heating 
alizarin with aqueous ammonia at 140®. It 
may be crystallised from pyridine and decom- 
poses with evolution of ammonia at 260®. It 
is regarded as l~hydroxy-2-aminoanthraquinone 
imide. 

Literature. — ^Prud’homme (Bull. Soo. ohim. 
[iii.] 35, 71 ; ibid. 666) ; Scholl and Partheg 
(Ber. 39, 1201). 

Leucoalizarin, 1 : 2-Dihydroxyanthranol. This 
substance is easily prepared by warming alizarin 
with a dilute alkaline solution of sodium hydro- 
sulphite. It crystallises from acetic acid in 
brown lea Acts melting at 160®, and is easily 
reoxidisod into alizarip (Grandmougin, Rev. 
Gen. Nat. Col. 21, 44). „ 

Alizarin Red S, Alizarin Powder W (By.), 
Alizarin Red WS (M. L. B.) 

OH (2) . 

^SO,Na 

This dyestuff is thO^sodium salt of the mono- 
Bulphonic acid of alizarin. It is easily prepared 
by the action of concentrated sulphuric acid on 
alizarin. 

It yields brilliant scarlet red shades with an 
aluminium mordant, bordeaux red with chro- 
mium. 

Like many alizarin derivatives, this substance 
is an indicator. It is more sensitive than 
methyl orange, the colour change occurring 

-f- + 

between PH— 3*7 (yellow) and PHs=»4*2 (pink). 

Literature. — Groebe and Liebermann (An- 
nalen* 160, 144) ; Walpole (J, Soo. Chem. ind, 
1916.153). 

1 : 2-Dihydroxyanthraqulnone'3 : 6-di8Uli)lionio 
acid is obtained, together with quinizarln-a- 
sulphonic acid, when anthroquinone-l-sutehonie 
acia or its potassium salt is heated with fuming 
sulphuric acid (40 p.c, SOa) and boric acid at 
130®“136®. Tbe alizarin derivative is separated 
by taking advantage of its more luring 
solubility. On heating with 70 p.c. sulphuric 
acid the ^sulphonie acid is changed into an 
isomeride* of Alizarin Red S, namely Is 2- 
dihydTDxyfvithraquinone-6*8u1phonio acid. 
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This important colouring matter, discovered 
by Prud’homme, is obtained by treating /8-nitro- 
alizann with glycerol and sulphuric acid or by 
treating ^-amino^ alizarin with glycerol, nitro- 
benzene, and sulphuric acid. Its chemical 
constitution was fa'st demonstrated by Graebe, 
who showed that this substance was related to 
alizarin in precisely the same way as quinoline 
is to benzene, i.c. that alizarin blue is a quinoline 
of alizarin. 

Preparaiion . — 1 part of jS-nitroalizarin, 6 
parts sulphuric acid, and 4 glycerol (of sp.gr. 
1 '262) are mixed and gently heated. 

At 107° the reaction commences and soon 
becomes very violent, the temperature rising to 
200°. After the frothing has subsided, the mass 
is poured into water, the product well boiled, 
filtered, and the residue extracted three or four 
times with very dilute sulphuric Acid, The 
combined •extracts on cooling deposit the crude 
alizarin blue sulphate in brown crystals. These 
are collected, washed with water till neutral, 
mixed with water, and borax added until the 
solution becomes brownish -violet. The precipi- 
tate thus formed is filtered off, washed with 
water, and decomposed with a dilute acid, the 
crude alizarin blue thus obtained being purified 
by recrystallisatioii from benzene or glacial 
acetic acid. 

A more recent method of preparation, also 
due to Prud’homme, consists in heating formyl- 
/S-aminoabzarin with glycerol and sulphuric 
acid at 100°. 

Alizarin blue crystallises from benzene in 
brownish-violet needles which melt at 270°, and 
at a higher temperature give off orange-red 
vapours which condense in the form of blue 
needles. 

It is insoluble in water, sparingly soluble in 
alcohol and ether, more readily soluble in hot 
benzene. It dissolves in ammonia, potash, or 
soda, forming blue solutions which become green 
when mixed with an excess of alkali. 

«^^Alizarin blue combines with both bases and 

The barium salt BaCnH^NO^BaO+iHjO is 
a greenish-blue precipitate. The following salts 
of alizarin blue with acids have been prepared : — 

CnHaNO^.HCl is a red crystalline precipitate 
form^ by passing dry hy^ochloric acid gas 
through a solution of alizarin blue in boiling 
benzene. When treated with water it iv com- 
pletely decomjK^d into its constituents. The 
Bulj^ate crvstallises in red needles. The acetate 
crystallises in blue ^ates. 

Alizann blue ^so combines with picric acid 
fortaing a compound C\;H8N04 'CbH,(N 0,),0, 
wMoh orystallis^ from benzene in long orange- 
lef priems mdting at 246°. This compound is 
eoMptoly decomposed by water. One of the 
mott Important compounds of alizarin blue is 
the sodium bisulphite edmpound y 

C,rH,N 04 * 2 NaHS 0 , , 


I 


This product is manufactured on a large scale 
and sold under the name of * Alizarin Blue S.* 
It dissolves readily in waterjwith a brownish-red 
colour. Alizarin blue is met with in commerce 
in two forms, viz. as a paste containing about 
10 p.c. of dry substance, and as a powder. 
The former is nearly insoluble in water, while 
the latter, which is the bisulphite compound 
(described above), dissolves readily. This 
soluble kind is now almost entirely used in 
dyeing. In dyeing cotton with alizarin blue a 
chromium mordant is used, but in the case 
of wool, bichromate of potash gives the best 
results. 

Alizarin blue with an alumina qp iron mordant 
is also used for dyeing silk. 

Alizarin blue is used largely as a substitute 
for indigo in calico-printing works. It is one of 
the most stable colouring matters, and is even 
said to be faster than inmgo itself. 

Literature. — Prud’homme (Bull. Soc. chim. 
28, 62) ; Graebe (Annalen, 201, 333) ; Auerbach 
(Ghem. Soc. Trans. 35, 800 ) ; Prud’homme and 
Rabaut (Bull. Soc. Ind. Mulhouse, 1893, 223). 
Alizarin Green S (M) 



'CO/> 



, NaHSO,. 


This dyestuff is prepared from a-aminoalizarin 
by treatment with glycerol, nitrobenzene, and 
sulphuric acid, and it may also be produced 
from formyl- a-aminoalizarm by the action ot 
glycerol and sulphuric acid at 100°. Its pro- 
duction and properties resemble those of alizarin 
blue. It is employed in printing, and is used 
with a nickol magnesia mordant. 

Purpuroxanthin. 1 : 3-J)ihydroxyanthraqui- 
none 


c.h.<^^>c.h.<oh (J) 


Purpuroxanthin exists in small quantities in 
madder. It can be prepared by heating purpurin 
Ci4H8{0H)30a with iodide of phosphorus and 
water, or more readily by boiling purpurin with 
caustic soda and chloride of tin. 

Preparation. — Purpurin is dissolved in a 
boiling solution of caustic soda (10 p.c.), and 
chloride of tin added until the solution loses its 
deep-red tint and becomes of a yellow oolopr. 
Hy^ochloric acid is then added, the piecipiti^ 
washed with strong hydrochloric acid, dissolved 
in baryta water, reprecipitated with hydroohloric 
acid and c^stallis^ from alcohol. 

Puipurin is also readily reduced by .jneww 
of an alkaline solution of sodium hydroaulphite. 

Purpuroxanthin crystallises in r^dish-yeUow 
needles which melt at 262°-263°. It dissolves in 
alkalis with a reddish colour. If the solution 
in caustic potash be boiled in the air, it abfloilMi 
oxygen, the purpuroxanthin being recoat^prted 
into purpurin. 

It is not a mordtmt dvestuff. 

Literature . — Sohiitzenbezger and Sohliei^ 
j (Bull. Soc. chim. 4, 12) ; liebermann (A&nakm# 
1 183, 213) ; Schunck and Bdmer (Bor. 1?% 
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1 : 4^BUtydn>xyAnt&raqumone . 

(4) 

is obtained by heating a mixture of quinol or 
;)-ohlorphenol and pnthalio anhydride with 
Bnlphuiio acid. 

C.H.<gg>0+C.H.<gg {‘I 

=C,H,<gQ>C,H,<Qg |i|+H,0 

Together with alizarin and purpurin, it is 
obtained by the action of ammonium persulphate 
on anthraquinono in sulphuric acid solution ; 
also on heating anthraquinonc m sulphuric acid, 
containing boric acid, with nitrous fumes. 

Preparation . — Equal parts of p-chlorphenol 
and phthalic anhydride are heated to 2(K)®-210^ 
for some hours, with ten times as much sul- 
phuric acid 08 ohlorphenol used. The product 
IS poured into two or three times its volume of 
water, and after standing for twenty-four hours, 
the precipitate is filtered off, washed and 
pressed. 

The crude product is then boiled with water 
to free it from phthahe acid, dissolved in caustic 
soda, precipitated with hydrochloric acid and 
recrystallised from alcohol. In order to remove 
a small quantity of pui^mrin, which is nearly 
always present, the crude quinizfllrm is then 
washed with cold dilute caustic soda aS long as 
the solution is coloured red, and the residue ' 
recrystallisod from toluene. 

Quinizarin is also obtained by heating either 
the 1- or the 2-hydroxyanthraquinones with 
nitrites and boric acid in sulphuric acid solution 
at 180®-200°. The formation of quinizarin 
from 2-hydroxyanthraquinone is certainly re- 
markable, but the expected product, namely 
purpurin, is formed in traces only, A process 
of theoretical interest is that of Dienel (Ber. 
1906, 39, 926), who converts a-anthrol by means 
of a hot aqueous alcoholic solution of sodium 
nitrite and zinc chloride into two isomeric 
nitroso-derivatives which may be reduced to 
amino compounds and oxidised to 1 : 2- and 
1 : 4-anthraquinone8 respectively. The latter 
emtaUises from alcohol in long yellow needles 
Wch melt at 206° (c/., however, Haslinger. Ber. 
3^, 3637, who gives 190°) and by successive 
reduction, acetylation, oxidation, and hydrolysis 
may be changed to quinizarin. 

Quinizarin crystallises from alcohol in rod 
nee^es which melt at 192°- 193°, and sublime at 
a'^high temperature with partial decomposition. 
It dissolves readily in benzene. The solutions in 
ether and sulphuric eicid are characterised by a 
beautiful peenish-yelltw fluorescence. Quini- 
zarin dissolves in baryta, forming a blue solution 
from which it is reprecipitated on passiqg car- 
bonic acid (distinction from alizarin). 

The tinctorial effects produced by quinizarin 
bn fabrics mordanted with iron, chromium, or 
aluminium are about one -tenth of those pro- 
dboed by an equal amount of alizarin. 

When fused with potash it is converted into 
bydroifyohryBazin C14H gOj. Quinizarin forms a 
dl^eetate which .melts at 200°. 

LHeraiwre. — Baeyer and Caro (Ber. 8, 162) ; 
Bebnnok and Romer (Ber. 10, 564) ; Bayer & Co. 
j), R. P. 81246 also above). 
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Leneoifulnistrlii is obtoiiied W tlw reduction 
of quinizarin with sodium hydrosulphite and 
sodium hydroxide. It is a yellow orystaJline 
substance melting at 135°, and is of importance 
since it condenses with aromatic amines more 
readily than quinizarin itself, and is thus 
employed in the manufacture of some of the 
important acid dyes of thi^group. 

2-Nltroquinizarin is the product obtained 
by the nitration of quinizarin in acetic acid or 
nitrobenzene solution. It forms brick-red crys- 
tals which dissolve in sulphuric acid to a cerise 
solution and dyes wool brown on an alumina 
mordant, violet-brown on riiromed wool. 

Quinizarin sulphonic acid is obtained by the 
action of sodium sulphite on a hot aqueous 
suspension of quinizarin, preferably in the 
presence of an oxidising agent such as pyro- 
lusite. • 

Fuming sulphuric acid (70-80 p.o. SOg) in 
large excess converts quinizarin at 20°-40° into 
1:2:6: 8-tetrahydroxyanthraquinone (Schmidt 
Bull. Soc. chim. 1914, (16) 12, 1). 

The hydrogen atoms in quinizarin arc not 
readily displaced by halogens, but, on the other 
hand, an additive product, a hexahromide is 
formed at 0°. At 40° the product is hromo- 
quinizarin d>hvomide, and even at temperatures 
between 100° and 230° only a dibromoderivative 
is produced. 

Dichloroquinlzarines. 3 : 6-, 3 : 4-, and 4 : 6- 
Dichlorophthalie anhydrides react with quinol 
in presence of boric acid to produce dicnloro- 
dihydroxybenzoyl bonzoio acids which are 
changed by sulphuric acid into corresponding 
dichloroquinizarines. 

6 : 8-Dichloroquinizarin crystallises in brown- 
red needles melting at 266°, and forms an acetyl 
derivative, melting at 170°. When its potassium 
salt is heated with potassium phenojide during 
eight hours at 1 80° it is changed to 8-c/ilaro-5- 
phenoxygmnizann, light rod needles melting at 
243°. The phenoxy derivative is transformed 
by p-toluidine at 150° in presence of potassium 
and copper acetates into S-p-tokidmo-S-pAenoaw- 
quinizarin (m.p. 278°). 6 : S-Dichloroquinizarm 
reacts similarly with' *aniline forming 6 : 8- 
dianilinoqmnizarin melting at 246°. 

5 : 6-Dichloroqulnizarin melts at 208°, and 
its acetyl derivative at 140°. 

6 : 7-DichloroquinIzarIn melts at 288° and 
forms an acetule melting at 125°. 

Literature. — M. Frey (Ber. 45, 1358). 

Acid dyes derived from quinizarin or Its 
derivatives. Quite a considerable sub-group of 
anthracene dyes have been obtained by acting 
on quinizarin or its derivatives with amines 
usually in presence of boric acid. One or two 
of the hydroxyls of quinizarin may be replaced 
by aijyflamino groups, or if desired, one the 
groups introduced may be amino or alkylamino. 
The products are sulphonated and are tnen acid 
wool dyes. The firm of Oassella occasionally 
condense leucoquinizarin with ready formed, 
toluidine sulphonic acid in presence of boric 
acid. Friedlander and Schick (Zeitsch. Farben 
u. Textil Chemie, 1902, 2, 429 ; 1903, 3, 218) 
have shown that thj reaction lead^g to the 
formation of these dyes is reversible in the cnae 
of the cqndensation with leucoquinkarin, and 
have appUed .this observation in order to hy^xi- 
lyse some rives found in commerce and so pibve 
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i3i«ir natnre. The^ find t^at acid dyea of this 
Mdea which contain a solphonated anilino* or 
tMnidino* ^oap will usually yield leucoquini- 
zorin or similar substance, together with an 
aniline or toluidine sulphonio acid by boiling 
with stannous chloride in aqueous alcoholic 
hydrochloric acid solution. 

Alizarin Emeraldol G, Alizarin Uranole R, 
Alizarin Geranol B, Alizarin Heliotrope R, BB, 
and Alizarin Marine Blue RG, W, are examples 
of acid dyes of similar type to those described, 
but of undisclosed constitution. 

Qoinizarln Blue 




^O- 


-SO,Na 


This dyestuff is prepared by heating quini- 
zarin and aniline in molecular proportions and 
sulphonating the product. From an acid bath 
it dyes wool a red shade of blue, and gives a 
greenish- blue with chromed wool. 

Alizarin Irlsol D (R) (Bayer, D. R. PP. 
8ftl50 and 91 149). 

OH 




kA, 


co/Y 

NH- 


SO,H 


O"' 


Quinizaiin or leuooquinizarin is condensed 
with p-toluidirie and the product sulphonatcd. 
The substance is isomeric with Alizarin Oyanol 
Violet (q.v.). 

Alizarin Cyanol VlolGt R (Cossella, D. R. PP. 
172464 and 181879). 


0 


.Oft OH 

\co/ V SO,H 


NH- 


Leucoquinizarin is condensed with 4-araino- 
toluene-2-sulphonic acid and the product 
oxidised. 

'Alizarin Pure Blue and Alizarin Blue GG have 
the respective formube : — 


0 




Br 

^00"^SraC,H,SO,H 


0 


\co/\X 

NHC9H,(CH3)S03H 

Afltarln Cyanol B (Cassella, D. R. PP. 
188096, 114262, 119362). The mixture of 1 : 5- 
and 1 : 8*anthraquinono disulphonic acids is 
elumgedi by ammonia anil sodium chlorate at 
1701^ to corresponding diamino anthr^uinones 
ammoantnraqninonesulphonio ai^ids. The 
W^r are brominated to mixed dibromo- 


NHg 


derivatives, and these are condensed with aniline 
and sulphonated. * 

Alizarin Astrol I 

^ NHMe . 

0 o 

^\co/aA 

NHC^H.SOjH 

dye.s wool greenish-blue from an acid bath. 

Alizarin Rubinol G, 3G, GW (Bayer, D. R. P. 
201904) 

CO 

CiH^Me 

II 


oco 


CO I 

NHC.H.-80»H 

is obtained by the sulphonation of p-toluidino- 
N-metJiylanthrapyridone. It dyes wool in red 
shades from an acid- bath. 

Quinizarln Green. 

Quinizarin is treated with an excess of 
aniline and the product sulphonated. The dye- 
stuff IS the sodium salt of the sulphonic acid, and 
has the constitution 


CO. 


NH-<Y>-S0.N» 


v\ 


CO 


NhYY^H 


,Na. 


C( 


The green shades produced on wool from sn 
acid-bath are fast to light and milling. 

Anthraqulnone Green is the corresponding 
monosulphonic acid. 

Alizarin Cyanine Green E, G Extra, K 

(Bayer) 

NH-C9H9(CH,)S0,H 

NH*C,H9(CH,)S08H 
This dye is obtained by sulphonating the 
product of the complete tolylation of quinizarin. 
It dyes wool from an acid bath a very vivid 
green. This dye has now displaced for most 
purposes the Alizarin Viridine which is similarly 
prepared from Alizarin Bordeaux. An isomeriefo 
with very similar proj^rties is Alizarin Brilliant 
Green G, 8E {CasseUa)^ and the difference in 
constitution is the same ps that between Alizarin 
Irisol and Alizarin Cyanol Violet. The dye now 
in question is obtained by carrying to the second 
stage tlte condensation Mtween leuooquinizarin 
and 4-aminotoluene-2-sulphonic acid. 

Hystazarln. 2 : 3-DihydroxyanthraquinOne, 

CeH H. ?3) 

This substance is formed,* together with alitarin, 
when a mixture of pyrooateohol and {^tbalic 
anhydride is treated with sulphuric addp-6 
grams of p^catechol, 6*8 gramp phibaBo 
anhydride and 76 grams sulphuric acid are heated 
for 4Jf to 6 hours to 340-1150® on a sand* bath. 
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The resulting product, while still warm, is 
poured into J litre of water, heated to boiling, 
and filtered hot, \ 

The dark-green precipitate thus obtained is 
well washed with hot water, dissolved in dilute 
potash, and the dark-blue solution precipitated 
by dilute sulphuric acid. The precipitate is 
washed with water, dried on a porous plate, and 
treated with boiling alcohol in an extraction 
apparatus, by which means a considerable por- 
tion is dissolved. 

The dark-red solution on evaporation yields 
an orange-red mass, which consists of alizarin 
and hystazarin. These two substances are 
readily separated by treatment with boiling 
benzene, whi^ dissolves the alizarin and loaves 
the hystazarin ; the latter may then be further 
purified by recrystallisation from acetone. 

Yield l^p.c. alizarin and 12 p.c. hystazarin 


of pyrocatechol used. 
Tlie following co 


OMe 


OMe 


,wixwT,.,,g conditions for the preparation 
have also been published : 30 grams pyro- 

catcchol are heated with 42 grams phthalic 
anhydride and 300 grams sulphuric acid at 
180 -200° for half an hour. Yield of hystazarin 
was 6 grams, and of alizarin I gram. 

Hystazarin raav be syntnesisod bv the 
following series of reactions : — Phthalic anhydride 
condenses with veratrol in carbon disulpliide 
solution under the infl^ienco of aluminium 
chloride. • 

\/\co/ 

Phthalic anhydride. Veratrd. 

8:4: dimethoxybenzoyl- 
benzoic acid. 

The 3 ; 4-dimethoxybenzoylbenzoio acid 
thus produced yields 2:3; dimethoiyanthra- 
quinone on heating with concentrated sulphuric 
acid. This is hystazarindimothyl ether and 
yields hystazarin on demethylation. 

Hystazarin crystallises from acetone in 
orange-yellow needles, which do not melt at 260°. 

It is almost insoluble in benzene, difficultly 
soluble in xylene, soluble in hot alcohol, ether, 
glacial acetic acid, and acetone. 

It dissolves in alkalis with a blue (corn 
flower) colour, in ammonia with a violet colour, 
and in concentrated sulphuric acid with a blood- 
red colour. Tbe barium salt is a blue precipi- 
tate, the calcium salt a violet precipitate ; both 
are insoluble in water. 

Hystazarin possessflb only very feeble tinc- 
torial properties. The faint red colour pro- 
duced with an aluminium mordant Offers in 
shade from the alizarin red. The solution of 
hystazarin in dilute sodium hydrate absorbs 
the yellowish red and violet rays of the spectrum. 
A very dilute solution shows two lines in the 
yellow, Xi==587‘4. Distilled over zinc- 

dust, hystazarin yi^ds relatively large quantities 
of anthracene. . 

Hystazarin is changed by sulphunc acid at 
200° slowly into alizarin. It is probable that 
t^ teao^ is one of hydrolysis into phthalic 
acid and catechol and subs^uent oondensa- 
VoL. ^ 


tion in the ortho- position to the hydroxyl 
group. 

Literature. — Liebermann and SohoeUer 
(Ber. 21, 2601-2603) ; Ingodzinski and Lordtan 
(Ber. 28, 118); Liebermann and Hohenemser 
(Ber. 36, 1778) ; Sohrubsdorf (Ber. 36, 

2936). 

Diacetyl hystazarin C,4l!o08(OC,H,0)8 crys- 
tallises from acetic acid in needles, vdiich melt at 
206°-207°. 

2 : 3-di Hydroxyanthranol is obtained by the 
reduction of hystazarin with zinc dust and 
ammonia. It occurs in yellow-brown needles 
melting at 282°, and format a triacehjl derivative 
melting at 163°. ^ 

l-Nitrohystazarin is obtained when hystazarin 
is nitrated in sulphuric acid solution by means 
of a molecular proportion of nitric acid. Further 
nitration leads to* 1 : i-dinitrohystazarin, and 
both these derivatives have only a slight 
tinctorial power on mordants. 

I : 4-Dibromohystazarin is obtained by bromi- 
nating the substance at 150° in a sealed tube. 
It melts at 127°- 129° and dissolves in alkaline 
solutions with a violet colour. 

Anthraflavic acid. 2 : O-Dihydroxyanthra- 
quinone 

(6) (2) 

Anthraflavic acid is prepared by fusing a-anthra- 
quinone disulphonic acid with potash, and ^ is 
therefore nearly always present in artificial 
alizarin. Synthetically it has been obtained by 
beating m-hydroxy benzoic acid with sulphurk 
acid to 190°. 

20IICeH4C00H 


This mode of formation proves tha| this sub 
stance contains the two hydroxyl groups ii 
different benzene rings. , . i . 

1 Anthraflavic acid crystallises from alcohol u 
yellow needles which melt above 330°. The pun 
substance when carefully heated sublimM par 
ttially in yellow needles, leaving a oonsiderabli 
I quantity of a carbonacooAs residue. Anthraflavr 
acid does not dye mordanted cloth. It dissolve 
ill alkalis forming a yellowish-red solution, an< 
I in sulphuric acid forming a green solution, th 
absorption spectrum of which shows a brooi 
band between the blue and the green. Anthra 
iflavio acid forma a number of salts, of wWoh th 
sodium salt is the most characteristic. This sal 
is sparingly soluble in water, and is remarkabl 
for the ease with which it crystallises ; to dU 
tinguishes it from woanthraflavio acid, and giv< 
a ready means of separating these two Bubstance| 
When treated with acetic anhydride, anthraflavi 
■ acid terms a diacetate melting at 228°-229 . 

1 Literature . — Perkin (Chem. Soc. Trans. 187 
24. 1109 ; 26, 19) ; Sohunck and Romer (Ber. i 
' 379 • 11, 970) ; Liebermann (Ber. 6, 968; 
Eosenstiehl (Bull. Soo. ohim. 29, 401-4:34 
Barth and Senhofer (Ber. 170, 100). 

Tetranltroanthniflavlc add consists of yeUo 
needles exploding without fusion at 807 
It is obtained by to action of nitno aoia c 
anthraflavic acid. Bv the emi^loymeni of tl 
calculated amount of* nitric acid it is posdt 
to obtain a dinitro derivative which dyes ||0 
from an add-bath. 
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Literature. — Sohradinger (Ber. 8, 1487). 

/tfoAnthTaflavio acid. 2 : 7-Dihydroxyanthra. 
quinone 

(7) HO C.H.<g3>C.H,-OH (2) 

is formed when ;8-anthraquinone disulphonic acid 
is fused with potash, %nd is therefore always con- 
tained in crude alizarin. In preparing it, crude 
alizarin is dissolved in dilute caustic soda, the 
solution precipitated with hydrochloric acid, and 
the precipitate djssolved in cold baryta water 
and filtered. (In this way woanthraflavic acid, 
which forms a solublp baryta compound, is easily 
separated from alizarin, anthrapurpurin, and 
anthrallavio adid, which 3'icld insol uTble barium 
compounds. ) The filtrate is treated with hydro- 
chloric acid, and the ]irecjpitate recrystallisod 
from alcohol, /^'inthrallai ic acid crystullisc.s 
in long yellow needles, containing 1 mol. IKO, 
which can be driven off at 150°. Tt melts above 
330® and sublimes at a high temperature in 
lustrous yellow needles. It dissolves easily in 
alkalis forming a deep-rod solution, but it does 
not dye mordanted cloth. Fusi'd with potash 
i.ioantiiraflavio acid yields anthrnpurpurin. 

The diocetate of isoanthraflavic acid.molis at I 
196®. I 

Literature. — Schunck and Pdlmer (Ber. 9 
379). 

Anthraruffn. I ; S-Dihydroxyanthraqumone 

(5) ( 1 ) 

Anthrarufin is formed together with anthraflavie- 
ac\d and. meta\)CT\xd\oxyanV\\Tai'\u\nono \»y 1 
Vieating m-oxyVicnzoic aeul with sulphuric acid. 
(2) 

It may also be obtained by fusing o-anthra- 
quinone disulphonic aciil with potash. 

Another process depends on the fact that it 
is the chief product when anthraquinono is 
oxidieed with sulphur trioxido under the following 
conditions : — Anthraqumone (50 parts) is heated 
with fummg sulphuric acid (1000 parts containing 
80 p.c. SOa) and boric acid (20 parts) for 3G 
hours at 100° under pressure. 

Anthrarufin is manufactured, mainly as an 
intermediate for alizarin saphirol, by beating 
artl^aquinone-l ; 6-disulphonic acid with milk | 
of lime under pressure. 

Anthrarufin crystallises in yellow needles 
which melt at 280° and sublime easily at a higher 
temperature (distinction from anthraflavio acid). 
It (&soIves with difficulty in ammonia and soda, 
but more readily in potash. 

Anthrarufin dissolves in sulphuric acid, 
forming a deep-red solution, the colour of ^which. | 
is so intense that it is still easily apparent in 
solutions containing only 1 part in 10,000,000. ! 

Anthrarufin forms a diacetate which melts 
at244°-246°. 

Anthrarufin dimethyl ether is obtained on 
boiling 1:6: dinitroanthraquinone with methyl 
al<x>h^o caustic soda. The substance forms 
deep*red needles of m.p. 230°. 

IMeratwe . — Schunck hnd Romer (Ber. 11, 
1176) ; lieiennann and Dehnst (Ber. 12, 1289) ; 
Bj^er and Co. D. R. P. 101220 ; Heus (Ber. 
3^923). 


Anthrarufin monoethyl ether occurs in yellow 
ne^dle'i melting at 164° ai^ yielding an acetyl 
derivative melting at 173°. f 

Anthrarufin diethyl ether forms long silky 
needles melting at 178°. 

Alizarin Saphirol B, Alizarin Ddphinol. 


NaSOo— / 


on rn 

/' ,/ °\/\ 

\/\ /\ /' 

Nila 011 

IS an important blue acid wool-dye derived from 
anthrarufin by successive sulphonation, nitration, 
and reduction. This dyestuff cx^Js in respect 
to its fastness to light. 

It may also bo obtained by the reduction of 
1 : 6-dinitroaiiiliraquinone in alkaline solution 
followed by acidification and sulphonation. 
The first product is a diliydroxylaminoanthra- 
(juinone, and this rearranges into an amiiio- 
coiiipound by the action ot tlie acid. Dinitro- 
aiitbrarulin may also form the source of this 
or a very similar dyestuff into which it is con- 
verted by tlie action of sulphites. Alizarin 
Saphirol SE is the monos iilphonic acid. There 
are also dyestuffs of this type which contain a 
bromine atom in the anthraquinone nucleus. 

Alizarin Celestol is obtained by the action 
of formaldehyde on Alizarin Saphirol. 

1 : 0-Dilfydroxyanibraquinone 


(fi) HOC'.H,<^^>C.H,Oir (I) 


This was the last ot the dYhydroxyanthia- 
\ (\iuTioneH to lie ohtamed, it having been pre- 
pared by Frobenms and Eepp in V907 (Ber. 40, 
1048). l-Nitroanthraquinone-fi-sulphonio acid 
was converted by sodium methoxido into !• 
methoxyanthmquinoiie-G-sulphonic acid, and 
the latter’ hydrolysed to a hydro.yyanthraqui- 
noiie sulphomc acid by heating with sulphuric 
acid, 'rfio sodium salt was then prepared and 
heated with milk of lime at 195° under pressure. 
Tho substaniic crystaUises in orange-yellow 
needles molting at 27l°-272°, and dissolving in 
ammonia or jiotassium hydroxide to a yellow 
solution. Oxidation by heating under pressure 
with a solution of sodium hydroxide and sodium 
nitrate results in the production of flavopur- 
purin. 

Metabenzdioxyanthraquinone. 1 : 7-Dihy' 

droxyanthraquinone 

(7) (1) 

Literature . — Schunck and Romer (Ber. 11, 
1170); Liebermann and Dehnst (Ber. 12, 
1289). 

Metabenzdih vdroxyanthraquinone C uH ^0 ^ 
is formed together with anthraflavio acid and 
anthrariifin by heating ra-hydroxybenzoio acid 
with sulpburio acid {v. supra). It is separated 
from these by treatment with benzene and 
subsequent recrystallisation from dilute alcohol. 
Metabenzdihydroxyanthraquinone forms yel- 
lowish needles wmoh melt at 29l°--293°, ‘and 
sublime at a higher temperature almost without 
decomposition. It dissolves in alkalis with a 
dark-yellow colour, and in concentrated sul- 
phuric add, forming a brownish-yellow solution, 
which shows no absorption bands. 
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The diaoetate of metabenzdibydroxyanthra- 
quinone melts at |99*^. 

Literature . — Sonunck and Romer (Bet. 10, 
1226) ; Rosenatiehl (Bet. 9, 946). 

Cnrysazin. 1 : 8-Dihydroxyanthraquinone is 
formed by fusing x-anthraquinonodisulphonic 
acid with potash, or by treating hydrochrysaniid 
C]iHa{NH5)4(0H)202 with nitrous acid and 
alcohol. (N.B. — Hydrochrysamid is obtained 
by the reduction of chrysammic acid 
CuH 4(N02)404, whicli is the product of the 
action of nitric acid on aloes.) 

It is manufactured by lieating anthraquinone- 
1 : 8-disulphonio acid with milk Of lime un<ler 
pressure witTi or without the addition of calcium 
chloride. 

Ohrysazin forms reddish-brown needles, 
which melt at 191°. It dissolves in alkalis and 
sulphuric acid, with a red colour Its diacetato 
melts at 227°-232°. 

Crude dinitroanthraquinono contains a com- 
pound which is converted into chrysazin dimethyl 
ether on treatment with methyl alcoholic potasK. 

Literature . — Liobermann (Annalen, 183, 184). 

Derivatives of Chrysazin. 

Monopotassium salt. Chrysazin is dissolved 
in a little hot dilute potassium hydroxide solu- 
tion. The salt separates in orange-red needles 
which contain water of crystallisation, and on 
heating at 100° become# anhydroflfc, the colour 
changing to violet. 

Ctarysanthranol, 1:8- Dihydroxyanthranol. 

This substance, which posses.se3 therapeutic 
value similar to that wliieli charaeterisos 
chrysarobin, may be obtained by the reduction 
of chrysazin with hydriodic acid and phosphorus. 
It melts at 177°, and forms a triacctyl derivative 
melting at 210°. 

4 : 6-Dichlorochrysazin is obtained by passing 
chlorine into a suspension of chrysazin in sul- 

t ihurio acid of such a concentration that the 
).p. is 120°. 

Chrysazinamide, l - Amlno-8-hydroxyanthra- 
qulnone is obtained by saturating a chrysazin 
paste with ammonia at 0° and heating in a 
sealed tube. 

Chrysazin-dlsulphonie acid is obtained by 
sulplionation of chrysazin with oleum (20 p.o. 
SOj). It is isolatea as a potassium salt, and 
on fusion with alkali yields a dihydroxychrysazin 
melting at 292° (acetyl derivative, m.p. 233°- 
240°) and isomeric, but not identical with a 
tetrahydroxyanthraquinone obtained by fusing 
chrysazin with potassium hydroxide in a vacuum. 
The latter substance occurs in dark red needles 
melting at 217°, and forming a tetracetyl deri- 
vative melting at 196°. 

Dinitrochrysazin (piobably 4 : 5-dinitro-l : 8- 
dihydroxyanthraquinone). C^sazin dimethyl 
ether (obtained from 1 : S-dinitroanthr^uinone 
by the action of sodium methoxide) ismitrated 
by means of a mixture of nitric and sulpburio 
aoids. The resulting dinitrochrysazin dimethyl 
ether crystallises from chlorobenzene in green 
needles mdtina at 232°-233°. It may be 
hydrolysed by not 10 p.o. sulphuric acid, and 
the dmitrochrysazin separates from chloro- 
benzene in orange-yellow crystals melting at 
232°-234°. Chr^win is coming more and more 
into use as an intermediate for the preparation 
of dyestuffs, and, for example, the processes 
which are used to convert anthranifiu into 


Alizarin Saphirol may also be applied to chry- 
sazin, and the {product is a valuaole wool dye. 
For this reason it is not the invariable praorioe 
to separate anthraquinone-l 1 6- and I : 8- 
disulphonio acids, but instead the mixture may 
bo converted into a mixture of anthrarufin and 
o^sazin, and by sucifbssive sulphonation, 
nitration, and reduction, either vrith stannous 
chloride or with sodium sulphide, a useful dyo 
of Alizarin Saphirol type obtained. 

There is further a generaUsimilarity between 
quinizarin, anthrarufin, and ohrysazin as regards 
the production of acid d^^es by condensation 
with aromatic aminos followed W sulphonation. 
1'hu8 condensation of anthrarufin and p-toluidine 
followed by sulphonation of the product leads 
to tho dyc.stull Auihraquinone Violet, and similar 
products may b6 prepared from chrysazin. 

( !hrysazin is not a mordant dyestuff,' but uinitro, 
(lihydroxylamino, and diaminochrysazins can 
bo applied to mordanted fabrics. The diniiro 
compound dyes chromed wool blue. 

Literature . — Nchrubsdorff (Ber. 36, 2936) ; 
Wobling (Ber. 36, 2941); Nolting (Chem. Zeit. 
1910, 977 ; J. Soc. Chem. Ind. 1898, 372 ; 1900, 
342 ; 1906, 314). 

Dlhydroxyanthraquinone (?), described as 
isoebrysazin, has been obtained by Lifschutz 
(Ber. 17, 897) by treating dinitroantbroquinone 
with concentrated sulphuric acid. 

It crystallises from alcohol and ether in 
deep-red needles, whicJi molt at 176°- 180°. It 
dissolves in alkalis and in ammonia with a 
reddish-violet colour, and in sulphuric acid with 
a reddish yellow colour. "When heated it 
sublimes readily, and at a comparatively low 
temperature, in orange-red plates or needles. 
It does not dye mordai^ted cloth. 

The diacetyl compound melts at 160°-166°. 

In view of the fart that dinitroanthraquinono 
is a mixture of the 1 : 6- and J : 8-iflomerides, 
it appears very probable that this supposeil 
dihydroxyanthraquinone is a mixture. 

Constitution of the dihydroxyanthraqainones. 
The synthesis of quinizarin from phthalic 
anhydride and quinol esftiblishes its constitution 
as 1 : 4- dihydroxyanthraquinone 



Further alizarin and hystazarin are produced by 
the condensation of phthalic anhydride with 
catechol. 

It follows that these colouring matters are 
represented by the following formuisB : — 

• OH 

/y^yxoH 

\/\co/\^ 

I. 11. 

The syntLesis of alizarin from hemipinio acid is 
conclusive evidence ti^t the formula I. represents 
alizarin, and consequently II. is thq structure ol 
hystazarip. * 

Again, purpurin is produced by the oxid||bn 
of both alisarin and quinizarin, and must tnere' 
fore be 1 : 2 : 4-trihydrozyanthraquinone 
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On rediiction it y^lds neither alizarin nor 
quiiiizarin, but purpuroxanthin, which is 
obviously 2 : 4-dihydroxyanthraquinone (the 
same position as 1:3). 

Similar arguments can be developed with 
respect to the rerriaining isomerides of alizarin. 

Alizarin Indigo' G (Bayer, D. R. P. 237199) 

0 


[wedekmd and Co. (D. R. 
parts of anthraflavic acid wil 


u 


\co^^ 

This is a vat dye obtained by the condensation 
of dibromoisatm chloride with a-anthrol, Tlie 
solution in sodium hydrosulphite is yellow- 
brown, and cotton is dyed in pure greenish- blue 
shades of excellent fastness. 

III. Trihydroxyanthraquinones : Anthrapur- 
purin, /sopurpurin, Hydroxytsoanthraflt^vic aod. 
1:2: 7-Trihydroxy authraquinono 

4 CO 

H0/^yC0\/\0H 

II t 1 

This important colouring matter is contained 
in crude artificial alizarin. It is formed by fusing 
i3-anthraquinonedisulphonio acid, woanthra- 
flavio acid, metabenzdihydroxyanthraquinone, 
or a-dibromanthraquinone with potash. 

The preparation of t^his substance is a some- 
what tedioiis process, dependent on the fact that 
anthrapur}'»urm differs from alizarin in the 
behaviour of its alumina lake. The former, on 
treatment with an alkaline carbonate, is dis- 
solved, whilst the alizarin lake remains un- 
attooked. The solution containing the anthra- 
purpurin is filtered from the alizarin lake, heated 
to boiling, and acidified with hydrochloric acid. 
The anthrapurpurin thus obtained is purified by 
conversion into its difficultly soluble sodium 
compound, and from this, by precipitation with 
bacium chloride, the barium salt is obtained, 
which is decomposed with hydrochloric acid. 
The precipitate is collected on a filter, well washed 
with wat^ and recrystalliscd from glacial ace- 
tic acid. 

As already mentioned above, the manufacture 
of alizarip always implies the production of a 
certain amount of the anthraquiuone 2 : 6- and 
2 : 7-diBulphonio acids, and the methods by 
which these substances are isolated havr been 
discussed. On fusion with alkali it is possible 
to obtain from these sulphonic acids either the 
oowesponding dihydroxyanthraquinones or, on 
the other hand, to imitate the alizarin fusion 
cuad to introduce a further hydroxyl group. 
L| this way anthrapurpurin and flavopurpurm 
are produced on a commercial scale. The 
temperatore of the fusion must be considerably 
higl^ than that which suffices for the conversion 
of ‘silver salt’ into aliStarin. The conversion 
c^lpithraffavic acid and isoanthraffavio acid kvto 
, <M)rfespondum trihydroxyanthraquinones occurs 
WiUi very di^erent c^dity, the former substance 


194945) fuse 10 
60 pa^ of salt- 
petre and 1500 volume parts ol caustic lye 
(b.p. 186°) at 216°-225°. Bayer (D. R. PP. 
20^97 and 223103) employ only a 20 p.c. 
caustic soda solution and a temperature of 
180°- 200°. If, however, in fusing the disul- 
phonio acids with alkali the temperature 
necessary is quickly reached, it is probable the 
reaction* first leads to alizarin sulphonic acids, 
wJiich arc subsequently changed to anthra- 
purpurin and flavopurpurin. The following 
example of the proportions used in the fusion 
may be given : — ^ 

Two cbm. of the disulphonic acids liquor 
(obtained as already described) containing 
solid in suspension and with a dry content 
amounting to 27 '06 p.c., equivalent to 653 kg. 
of the sodium salts, is mixed with 180 kg. 
saltpetre and 1012 litres of soda lye of 46° bI. 
(containing Cl 8 kg. NaOH). This mixture is 
heated nearly to boiling, and three drums of 
solid caustic soda then added {795 kg.). This 
procedure ensures the rapid heating of the 
mixture wliich is so necessary to obtain good 
results. The reaction is earriea out in apparatus 
similar to that used for the preparation of 
alizarin, and the operation of fusion occupies 
48 hours. tThe product is worked up much 
in the same way as alizarin, and is brought into 
commerce in the form of a paste. The impurity 
present in these trihydroxyanthraquinones is 
usually anthraflavic acid, and this may be 
separated by taking advantage of the insolu- 
bility of the sodium salt of anthraflavic acid in 
sodium hydroxide solution of 10°-12° B6 In 
order to separate the anthraflavic acid it is 
accordingly merely necessary to dilute to this 
concentration and filter off the sodium anthra- 
flavate. 

Anthrapurpurin crystallises in orange- 
coloured needles, which melt above 330°, and, 
when carefully heated, sublime in long red 
needles. It dissolves in alkalis with a violet 
colour ; the solution shows the same absorption 
spectrum as alizarin 

With acetic anhydride anthrapurpurin forms 
a triacetate Oi^HjfCjHgOlaOs, which crystallises 
in yellow needles, melting at 220°. 

By careful hydrolysis the triaoetyl deriva- 
tive may be converted to a diacetyl derivative, 
a micro-crystalline pale yellow powder which 
melts at 175°-178°, and is also obtained by the 
moderated acetylation of anthrapurpurin. This 
substance possesses therapeutic value. When 
heated with ammonia, anthrapurpurin is con- 
verted into anthrapurpurinamide 

CuH,(NHJ(OH),0, 

Antlirapurimrin has the same affinity for 
mordants as alizarin ; the colours it produces 
are also analogous to some extent, as it produces 
reds with alumina, purples and blacks with iron 
mordants. There is, qowever, a consideralde 
difference in the shade of colour produced^ the 
reds being much purer and less blue than those 
of alizarin, whilst the ]^rples are bluer and the 
blacks more intense. When uwd in Turkey-red , 
dyeing it produces very brilliant ooloura of a 
scarlet shade, which are of remarkable per- 
i manenoe. 

d’ 
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literature . — Perkin (Chem. Soc. Trans. 26, 
669 ; 26, 426 ; 2f, 861) ; Caro (Bet. 9, 682) ; 
Sobunok and Romir (Ber. 9, 679 ; 10, 972. 1823 ; 
13, 42) ; Rosenstiehl (Bull. Soc. ohim. 29, 406) ; I 
Auerbach (J. 1874, 488) ; UUmann (Enzyk, 
der Tech. Chem. under Alizarin). 

Purpurin 1:2: 4-Trihydrozyanthraquinone 

/V/^®\/\OH 

Purpurin occurs along with alizarin in 
madder, probably as a glucoside. In order to 
separate it from alizarin, the mixture of the two 1 
substances is repeatedly recrystallised from a 
hot solution of alum, in which purpurin is more 
soluble than alizarin, or the mixture is dissolved 
in caustic soda and the solution saturated with 
carbonic acid. This precipitates the alizarin, 
but not the purpurin. 

Purpurin is obtained when alizarin or 
quinizarin (1 pt.) is heated with pyrolusito 
(I pt.) and concentrated sulphuric acid (8-10 pts.) 
at 160*. The oxidation of alizarin to' purpurin 
is also effected by the action of ammonium 
persulphate in sulphuric acid containing sul- 
phuric anhydride. o-Aminoalizarin is changed 
to purpurin by the acILon of nitrous acid in 
sulphuric acid solution, or by the action of 
sulphuric acid alone at 160°. Alizarin yields 
purpurin by the action of sulphuric acid at 
225^ Alizarin sulphonio acid is oxidised by 
heating with sulphuric acid and a nitrate to 
purpurin sulphomc acid, and the latter yields 
purpurin on heating under pressure with dilute 
mineral acids, Anthraquinone-l-sulphoiiic acid 
if heated with oleum containing a high per- 
centage of 80 3 is changed to a sulphuric ether 
which is hydrolysed by heating with sulphuric 
acid, and the product is purpurin- l-siilphonic 
acid. This dyes alum mordanted wool in red 
shades, and may be converted into purpurin. 

Purpurin crystallises from dilute alcohol in 
long orange-coloured needles, which contain 
1 moL HjO. The pure substance begins to 
sublime at 160°, and melts at 253°. It is 
slightly soluble in water, forming a deep yellow 
solution ; in alkalis it dissolves with a purple- 
red colour ; in alkaline carbonate.s with a red 
colour. The solution in alkalis shows two 
marked absorption bands in the green. Purpurin 
also dissolves readily in ether, carbon disulphide, 
benzene, and aoetio acid ; these solutions give 
two absorption bands, one at » and the other 
near a; the solution in sulphuric acid shows 
another line in the y^low. When boiled with 
aoetio anhydride it yields a triacetate, 

C..H.(C,H,0).0„ , 

which crystallises in yellow needles, melting at 
192°-193°. 

Aqueous ammonia at 160° converts purpurin 
into purpurinamide 

C.H.<]^^,H(NH.XOn), {OH;OH:Nnj 

when boiled with ethyl nitrite, vields 
fKirpiivozantluo, 


Purpuxozanthin is also the product when 
purpurin is reduced with either alkaline stannous 
chloride or sodium amalgam. If, however, 
zine-dust be employed as the reducing agent in 
weakly alkaline, neutral, or acid solution, then 
the leuco- compound of quinizarin is obtained. 
Purpurin is converted ^into 2-anilino-l : 4- 
dihydroxyanthraquinone when heated with a 
mixture of aniline and aniline hydrochloride. 
A certain arhount of dianilino-hydroxyanthra* 
quinone is produced at the same time. 

Purpurin dyes fabrics muth in the same way 
as alizarin and anthrapurpurin, there being, 
however, a difference in flie shades. The reds 
produced by purpurin are mu^h yellower, and 
the browns (with chrome mordant) much more 
intense than are produced either by alizarin or 
anthrapurpurin. , 

The following figure shows the absorption 
spectrum of a solution of purpurin in aluminium 
sulphate : — 


Ad BC D El) P G 



Alizarin Blue Black B, 3B, 0 (Bayer), is 
obtained by the condensati^ of purpurin with 
aniline followed by sulphonation of the product. 
The dye is applied on a chromium mordant. 

Purpurin-3 : 8-disulphonic acid is obtained 
by heating the potassium salt of anthranuinone- 
] : 6-disulphonic acid with boric acid ana 40 p.o, 
oleum under 6-7 atmos. pressure. The pur- 
purin disulphonic acid so produced forms a 
potassium salt wliich crystallises from dilute 
hydrochloric arid in yellow red leaflets which 
have a bronze lustre. , Heated at 180° with 70 
p.c. sulphuric acid the disulphonic ackl is changed 
to purpurin-^-sulphonic acid, and in the presence 
of a mercury salt into purpurin itself (Bayer, 
D, R. V. 172688). The action of alkali sulphites 
on purpurin leads to the production of 'mrpurin- 
S-sulphonic acid, which may readily he recon- 
verted into purpurin. 

3-Chloropurpurln ''ft formed along with 
dichloropurpuroza7ithin by the action of sul- 
phury 1 chloride on a sulphurio acid solution 
I of 2 : 4-dihydroxybenzoylbenzoic acid in the 
presence of boric acid. It crystallises in deep 
red needles melting at 270°-273° (Mettler, Ber. 
46, 800). 

Flavopurpurin. 1 2 : 6-Trihydroxyanthra- 
quinone 



Flavopurpurin occurs in commercial artificial 
alizarin, but is with difficulty isolated from this 
product, owing to the fact that its chemical 
properties awee so closely with those of anthra- 
purpurin, which is also nearly always present 
in artibcial alizarin, that it can only with diffi- 
cult be separated fsom this substance. 

It is prepared by fusing ;8*anthraquinone- 
disulphcmio acid or anthmflavic acid tdth 
potaw or soda with or without the additign of 
a nitrate chlorate. The details of the teoh&ioal 
preparation have been discussed above under 
ArUhrapurpurtn. 
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It may be Byntbesiaed by the following aeries 
of reactions 

Hemipinio anhydride condenses with anisole 
n the presence of anhydrous aluminium tri- 
>hloride, yielding the trimcthyl other of 4 : 5 : 6- 
rihydroxybenzoyl benzoic acid. 

OMe 


Y 

'CO ^\ / 

Hemlpinic anhydride. 

yCOv 


j+o\ 

leO\/ \ 

Aniwle. . 

OMe 

yx/'^N/Ve- 

MeO\^/' HOCO\/ 
Trimothoxyt>enzoylbenzolo acid. 

'his bonzophonono derivative is reduced by 
ino*duBt and concentrated hydrochloric acid, 
nd the product is 4 : 6 : G-trimothoxydiphenyl- 
nethanocarbexylio acid, which is changed by 
ulphurio acid to 1 : 2 : 6-trimethoxyanthrone. 

/\/^H 


HO' 


CO> 


OH 




\/f\0H 


WO, 


is similarly constituted to /3-nitroalizarine. It 
is obtained by the nitration of flavopurpurin with 
ordinary nitric acid. Fast orange shaaes can be 
produced by applying this compound with an 
aluminium mordant. 

On treatment with glycerol and sulphuric 
acid a trihydroxyanthraquinone quinoline of 
the constitution 

^OH 


HO' 


\/\ 


CO/ 


\/ 


leO! 


HOCO' 


iOMo 


; 5 : 6-trlinethoxydiplieuylmethanecttrboxylic acid. 

OMe 

^ MoOl I ' i 


"CO 

1 ; 2 : 0-trimethoxyanthrone. 

: 2 : 6-trimethoxyanthrone crystallises from 
lenzene in small noodles melting at 170®. It is 
ixidised by chromic acid in glacial acetic acid 
olution to the trimcthyl ether of flavopurpurin, 
vhioh consists of yellow needles, crystallises from 
loetio acid, and melts at 226®. The trimethyl 
>ther is hydrolysed to flavopurpurin by the action 
)f aluminium chloride at 210®. 

Flavopurpurin crystallises from alcohol in 
inhydrous yellow needles, sparingly soluble in 
vater, but readily soluble in cold alcohol. Its 
neltine-point lies above 330®. 

It dissolves in caustic alkalis with a purple 
jolour ; the solution shows two absorption bands, 
>ne«dn the blue and the other near the red, 
jut a little further removed than the alizarin 
band. 

Flavopurpurin dyes mordanted fabrics simi- 
larly to alizarin, there being, however, a slight 
difference in the shades produced. The red 
shade is somewhat duller and yellower ; the 
brown shade is also yellower. Flavopurpurin 
dyes wool mordanted with tin crystals and 
eroam of tartar a bright yellowish orange. ♦ 

When heated with acetic anhydride, flavo- 
purpurin yields a triacetate C, 4 H 5 (C 2 H, 0 ) 305 , 
which crystallises from alcohol in golden-yeUow 
plates melting at 236®. 

Direct methylation converts flavopurpurin 
into, a dimethyl other, but, as in the case of 
alizarin, a trimethyl ether is obtained by oxida- 
tion of the product of raothylation of deoxy* 
flavopurpurin (Oraebe, Ber. 38, 162). 

Aulirill Red 8 W. S. is the sodium salt of the 
monosulphonio acid of flavopurpurin. 

AUflUln Ortnge Q. Nitroflavopurpurin. 


is produced, the bisulphite compound of which is 
the dyestuff Alizarin Black P. 

It is used for producing a fast violet grey to 
black in cotton-printing. 

Literature . — Caro (Ber. 9, 682) ; Schunck and 
Romer (Ber. 9. 679 ; 10, 1823 ; 13, 42) : Bis- 
trzyeki and Yssel de Schepper (Ber. 31, 2798j. 

Anthragay^ol, 1 : 2 i3-Trihydroxyanihraqui- 
none. 

^ OH 


>/ 


DH. 


Anthragallol does not itself occur in nature, 
but its three isomeric dimethyl ethers have been 
found in Chay root {Oldenlaudia umhellaia). 
Anthragallol is formed when a mixture of 
gallic acid (1 pt.), benzoic acid (2 pts.), and 
sulphuric acid (20 pts.) aie heated to 125® for 
eight hours. 

OH 

COOH 

+ I loH 

HOCO 


Benzoic acid. 


Gallic acid. 


.CO, 


OH 


\/%c 


/\/ \/\OH 

1 I I + 2H,0. 

/\/OH 

Anthragallol. 

The product is poured into water, well 
washed, and reorystalliseC from alcohol. 

It is also obtained from 1 : 3-dinitro-2-hydro- 
xyanthraquinone (the nitration product of 2- 
hyikoxyahthraquinone) by reduction in strongly 
alkaline solution. Or 1 : 3-diamino-2-hy<lro- 
xyanthraquinone may bo converted to anthra- 
gallol by heating with hydrochloric acid under 
pressure. 

Anthragallol crystallises in yellow needles 
which, when heated to 290®, sublime without 
melting. It is sparingly soluble m water, 
chloroform, or carbon disulphide ; reflwiily soluble 
in alcohol, ether, or glacial acetic ^oid. 

It dissolves in alkalis forming a green solution. 
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1S5 


lu triaoebate CiJH*(PaH*0),0,melte at 171®- 1 
173 * 

With an ezoeflr of ammonia anthragallol 
reacts, forming anthragallolamide, l>amido< 
2 ; 3-(iUliydroxyanthraquinone. 

jAterature . — Seuberlioh (Ber, 10, 39). 

By the action of dimethyl sulphate in bod- 
ing nitrobenzene and in presence of anhydrous 
somum carbonate anthragallol yields the dimethyl 
ether which occurs in orange needles melting at 
169°-160°, and forms an acetyl derivative 
melting at 167°. Concentrated sulphuric acid 
hydrolyses this substance at 100° and forms a 
monomethyl f^ether melting at 233° (acetyl 
derivative, nfip. 184°), whilst the action of a 
great excess of methyl sulphate and sodium 
carbonate at 180° converts either the mono- 
methyl ether or the dimethyl ether into anthra- 
galloi trimethyl ether, which is Icmon-ycilow 
and melts at 168° (Bock, Monatah. 23, (9) 1008). 

Hydroxyanthrarufln, 1:2: 5-Trihydroxyan- 
tihraquinone. This substance is readily obtained 
by heating anthrarufin with a mixture of 
sodium and potassium hydroxides at 180°- 185° 
in the presence of water and sodium nitrate. 
It is also produced when alizarin is dissolved 
in 70 p.c. oleum to which boric acid has been 
added, and the mixtui'o agitated at 30°-35° 
until a pure yiolot solution has boon obtained. 
The sulphuric ester so produced is^hen hydro- 
lysed in the usual manucr. The two methods 
combined determine the constitution of this 
trihydroxyanthraquinone which otystallises from 
acetic acid in red needles melting at 273°-274°, 
and forms a triacetate melting at 227°. Ily- 
droxyanthrarulin is a valuable mordant dyestulT. 

Literature. — Liebej-maim and Boeck (Ber. 11, 
1716) ; Liobermann and Behnst (Bor. 12, 1289) ; 
M. L. B. (D. R. PR. 195028 and 196980) ; By 
(1). R, P. J 56900); Ziegler (J. pr. Chem. 86, 
297). 

Hydroxychrysazin. 1:2: 8-trihydroxyanthra- 
qulnone. Ohrysazin is converted into this sub- 
^anco by fusion with aqueous sodium and 
potassium hydroxides in presence of sodium 
nitrate at 180°. It crystallises in orange needles 
melting at 230°, and forms a triacetyl derivative 
melting at 219°. The dimethyl ether forms light 
yellow needles melting at 157°. 

1:4: S-Trlhydroxyanthraquinone. Oxidation 
of chrysazin by means of 80 p.c. oleum and boric 
acid at 26°-35° yields the sulphuric ester of this 
isomeride, and on heating with ordinary sul- 
• phuric acid the substance is obtained. It 
separates from pyridine in brown-rod needles 
with groen metallic reflex and dissolves in 
aqueous sodium hydroxide, and also in sulphuric 
acid to a violet solution (By, D. R. P. 161026). 
This compound is also Stained by the reduction 
of Alizarin Bordeaux. 

1:3: 8-Trihydroxyanthraquinone. the tri- 
hydroxyanthraquinone obtained from rhein 
through its amide and dihydroxyaminoanthra- 
^uinone (Oesterle, Arch. Pharm. 1912, 250, 301) 
is not identical with hydroxychrysazin, and 
since rhein must be either chrysazin-2- or 3* 
carboxylic acid, this fact favours the latter 
theow. 1:3; 8-Trihydroxyanthraquiaone melts 
at 277°-278°, and yields a triacetyl derivative 
melting at 197°-198°. 

1:4: B-TWhydroxyanthraqulnone is the chief 
prodnot when 4-amiiiophthalic anhydride is 


heated with quinol.and oonoentrated salplmxio 
acid at 170°-190°, 

IV. Tetrahydroxyanthraquinones. 
Anthrachrysone 1:8:5: 7*Tetrehydroxy- 
anthraquinona 

II I I 


OH 


The preparation of this bfidy is effected by 
heating 3 : 6-dihydroxybonzoic acid with 10 
parts of sulphuric acid for to 5 hours. 

The substance consists of silk^^yellow needles 
when crystaUisod from alcohol, or it can be 
sublimed with partial decomposition in leaflets. 
It does not melt at ^160°. 

Anthrachrysone has a very feeble affinity for 
mordants. Its tetraacetate crystallises in 
yellow needles from acetic acid, and melts at 
253°. 

A solution of anthrachrysone in 33 p.o. 
aqueous sodium hydroxide deposits a lustrous 
vivid red sodium salt which is converted into a 
crystalline ammonium salt by ammonium 
chloride. A crystalline potassium salt is also 
known, and when this is heated with methyl 
sulphate at 180°- 190° it is concerted into anthra- 
chrysone dimethyl ether which crystallises 
from nitrobenzene in golden brown columns ami 
forms a sodium salt crystallising in orange-red 
needles. The diacetyl derivative molts at 266°, 
The methylation also results in the production 
of a small proportion of anthrachrysone tetra- 
mothyl ether which crystallises in goldenj^ellow 
prisms melting at 294° (Fischer and Ziegler, 
J. pr. Chem. 1912, ii. 86, 297). Anthrachrysone 
condenses with secondary bases, such as diethyl- 
amine, and formaldehyde, with the production 
of tetraalkyldiarainodimethylanthrachrysoneB. 
The compound 

Ho./y yH^NEt, 

. HO 

is obtained from diethylamine (M. L. B.,D. R, P. 
188189). 

Literature . — Hohenemer (Ber. 35, 2306) ; 
Barth Senhofer (Annalen, 164, 109) ; Noah 
(Ber. 19, 755). 

1:3:5: 7-Tetrahydroxyanthraqulnone-2 : 6* . 
disulphonlc acid is obtained by heating anthra- 
chrysone with an excess of fuming sulphuric 
acid (D. R. P. 70803). It forms a characteristic 
sodium salt which crystallises in glistening 
coppery platelets. By the action of chlorine 
it is inverted into a dichloro- derivaihe, whilst, 
on the other hand, sodium hypochlorite converts 
the sodium salt into dichloroanthrachrysone by 
elimination of the sulphonio groups. Dtbromo- 
anthrachrysone is obtained by bromination of 
anthrachrysone in acetic acid solution. It melts 
at above ^.90°, and occurs in orange-red needles. 
The action of bromine on a solution of thb disul* 
phonic acid in dilute •acetic acid is to produce 
tetrahrmnoanthrachrysonf, dark-red needles melt- 
ing above*300°. 

Various^dyestuffs aie derived from 
chiysone. 
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Dinitroanthraohrysonedisulphonic acid 


/v' /CO. 
H0/\/ Y 

hso.Y«./v'' 


SO,H 

'OH 


8 prepared by sulphonation, followed by nitra- 
don of anthrachrysone. 

It ii a fast brown wool dye. 

On reduction it yields diaminoanthraohry- 
sonedisulphonic acid, which dyes wool violet 
irom an acid-bath, oy blue on a chromium mor- 
iant. 

If, however,* the reduction is carried out in 
alkaline solution with sodium sulphide, then the 
dyestuff Acid Alizarin Green B and G results. 

The constitution of this pioduct is 

SH OH 

HO/\/ X/XsOaNa 

NaSO,\ A A/OH 

OH SH 

it dyes chromed wool a fast, pure green. 

Acid Alizarin Blue BB and GR 

OH pn 

HO/\/ \A\S0.N» 


NaSO, 


/V /COv /. 

i/\y \/\so.i 


is obtained by boiling diaminoanthrachrysone 
disulphonio acid with alkali. A red shade is 
produoed on wool from an acid- bath, which on 
ohroming develops a beautiful blue, exceedingly 
fast to light milling, acids or allcalis. 

8-Nitro-4-anilino-l : 3 ; 6 : 7-tetrahydroxy- 
anthraqulnone-2 : 6-disulphonlc acid is obtained 
in the forih of its triso^um salt (dark bluish- 
violet crystals with coppery lustre) by heating 
a solution of 4 : S-dinitro-l : 3 : 6 : 7-tctrahy- 
droxyanthraquinone-2 : O-disulphonic acid in 
aq[ueou8 sodium carbonate with anilinn. A 
similar replacement of the nitroxyl by aniline 
occurs with the unsulphonated dinitro- com- 
pound (Heller and Skraup, Ber. 40, 2703 ; 
D. R. P. 71964). 

Roflopin, 1:2:6: G-Tetrahydroxyanthra- 
QUinonc. 

ll'hiB tetrahydroxyanthraquinone is obtained 
by heating opianic or hemipinio acids with 
sulphuric acid at 180“. 

Also by fusing the disulphonio acid of anthra- 
rufin with potash. 

It forms a reddish-yellow crust from ether, 
and can lie sublimed in orange needles. 

It gives a violet-red solution in dilute alkalis 
or in sulphuric acid. A curious prope] 5 ty of 
rofiopin w its stability towards fusion with 

’ The substance is of no value as a dyestuff, 
idlioe it gives only dull-brown shades with 
mordants. . 

Liebermonn and Chojnacki 
(AnSaien, 162, 323) ; D. E. P. 103988. 

a- abd jS-Hydroxyanthragallols. 

A mixture of these sfibstances is produced 
wl&cn equimoleoulor proportions of j;allic and 
i(i-bydroxybenzoio acids are heated at 160®, 
vM to parts of sulphuric acid twenty 
haurs. 


The product is poured mto water and the 
dried precipitate extracted ^th alcohol. This 
extract is evaporated and the residue treated 
with hot benzene. The a- compound passes into 
solution, whilst the /8- remains undissolved. 

o-Hydroxyanthragallol crystallises from 
alcohol in golden yellow micro- needles. It 
forms a green solution in alkalis, whilst that in 
sulphuric acid is violet, and shows two absorp- 
tion bands between f and d. With mordants 
it behaves similarly to rufigalhc acid. 

Its tetraacctyl derivative melts at 207®- 

209°. 

/3-Hydroxyanthragallol crysU’ Hisos from 
alcohol and occurs in red needles. Its brown- 
red solution in sulphuric acid shows two absorp- 
tion bands between k and h. 

TJie tetra-aoetate crystallises from glacial 
acetic acid in lemon-yellow tables of m.p. 
189“. 

JJtciature. — Noah (Annalen, 241, 270). 

1:2:3: 4-Tetrahydroxyanthr^uinone w 
obtained by heating anthragallol with sulphuric 
acid in the presence of boric acid at 200°-240°. 
It consists of green needles soluble in both 
alkahs and sulphuric acid with red colour. 
The tetraacetyl derivative molts at 205®. 

Jjiteraiure. — Bayer and Co. D. E. P. 809G8. 

Alizarin bordeaiix (guinalizarin). 1 : 2 : 6 : 8- 
Tetrahydroiyanthraqumone 

i ’ CO 

1 /\ A%/^OH 


I 


OH 


CO 




Alizarin bordeaux is by far the most impor- 
tant of the totrahydroxyanthraquinones. 

It has been obtained by the hydrolysis of its 
dimethyl ether {see below) with a solution of 
hydrochloric acid in acetic acid at 200®. 

It is prepared by heating alizarin (1 pt.) with 
sulphuric acid (10 pts. containing 80 p.c. SO*) 
for four days at 26®-60®. This yields the 
sulphuric acid ester of alizarin bordeaux, to 
obtain which the reaction product is rendered 
alkaline and then boiled with an excess of 
hydrochloric acid. 

It is found that the oxidation of alwarin 
occurs more readily in presence of boric wid. 

Alizarin bordeaux can be obtained in deep 
red needles with green metallic reflect'on. 

On an aluminium mordant it produces 
bordeaux shades ; violet blue on chromium. 

The tetraacetate crystallises from chloroform- 
alcohol in micro- needles of m.p. 201®. 

Dimethyl ether. , x* 

This substance is Synthesised by heating 
Iiemipinic acid and quinol with sulphuric acid 

to 130®,^ , , ^ ^ ^ u 

The brown-red micro leaflets obtamed Dy 
crystallisation from benzene melt at 226®-2^®. 

Literature . — Schmidt (J. pr» Chem. [2] 43, 
239) ; Liebermann and Wense (Annalen, 240, 
299). * ' 

Alizarin Green S (B). . . 

Alizarin blue can be oxidised by means of 
sulphur trioxide, and the prodwt on tie^went 
with sulphuric acid gives a dihydroxyalizam 
blue of the probable conetitntion 
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137 


OH OH 

^co/yS, 

CH CH 

V 


I to that by whioh pu^uxin is produoed (rom 
I alizarin. !^6 substance oxystaUises in bronze* 

' oolourod leaflets from nitrobenzene. The blue 
solution in oonoentrated sulphurio acid exhibits 
red fluorescence. 

1 Alizarin cyanine R. yields a handsome blue 
(fliromium lake. • 

Alizarin Indigo Blue S« 


Alizarin Green S (B) is the bisulphite com- ] 
pound of this tetrahydroxyanthraquinone ■ 
quinoline. It dyes very fast bluish-greens on 
chromed wooL 

1:4:5: S^’etrahydroxyanthraquinoDt 


Oil 


OH 


OH 


Aco/\/* 

OH OH 


.CO, 


OH 


HO/\/ \/\0H' 






, 2NaHSO, 


N 


This substance has boon obtained by the 
action of sulphuric acid on jjp-dinitroanthra- 
rufin (By, D. R. PP. 125579, 152033), but the 
following method establishes the constitution of 
the substance : — 

5 ; 8-Dichloroquinlzarin is heated for 20 
hours at 250° with milk of limcj and copper. 
The product is acidified wRh hydrochloric acid, 
and the substance may tnen be ccilected and 
crystallised from a mixture of benzene and 
ligroin. The brown needles melt at 240°, and 
dissolve in alkaline solutions with a cornflower- 
blue colouration. The suljihuric acid solution 
exhibits two bands in the red and yellow 
respectively. 

It is interesting that this tetrahydroxy- 
anthraquinone has powerful mordant dyestuff 
properties (Frey, Ber. 45, 1301). 

The tetraacetyl derivative forms light yellow 
needles melting at 260° with decompo.sition, and 
the difficultly soluble blue jiotaHsmm salt is 
converted by methyl sulphate at 180° into a 
totramethyl ether, which crystallises in lustrous 
orange leaflets and melts at 317° (Fischer and 
Zeirier, J, pr. Chem. 1912, ii. 80, 297). 

Dlhydroxyohrysazins. Two isomeric tetra- 
hydroiyanthraquinones have been obtained : 
fiottt chrysazin. The fii'st (Schrubsdortf, Ber. ; 
35, 2936) by fusion of chrysazin with potassium j 
hydroxide. This isomeride sublimes in mevo, ' 
fdtms dork-red needles molting at 217°, and 
intensely colours ordinary mordants. Its acetat ? 
melts at 195°. The second compound (Wobling, 
Ber. 36, 2941) is obtained by fusing chrysazin 
disulphonio acid with alkah. This melts at 
292°, and alsio colours mordants. Its tetra- 
aoetyl derivative melts ft 233°. 

V. Pentahydroxyanthraquinones. i 

Alizarin cyanine R. 1:24:5: S-Penta 
hydroxyanthraquinone ' 

OH _ OH 

^\Aoh 


CH CH 

. \/ 

CH 

is the bisulpliite compound ot thepentahydroxy- 
anthraquinone quinoline, obtained by the further 
oxidation of alizarin Green S (B) with con- 
centrated sulphuric acid at 200°. It yields 
fast indigo-blue shades on crorae mordanted 
wool. 

Dihydroxyanthragallol. 1 : 2 : 3 : 5 ; 7-Ponta- 

hydroxyanthraquinone 


llu/\/'^‘^\/\OH 


OH 


OH 


Equimolccular amounts of gallic acid and .3 : 5- 
dihydroxy benzoic acid are heated to 160° for 
ten minutes with ten times their weight of 
sulphuric acid. The product contains dihydroxy- 
anthragallol, rufigallic acid, and anthrachrysone. 
hi order to separate them, advantage is taken of 
the fact that only dihydroxyanthragallol penta- 
acetate is soluble in alcohol. The acetate so 
obtained is hydrolysed with cold sulphuric acid. 

Dihydroxyanthragallol crystallises from al- 
cohol in small red needles, which do not melt at 
360°. The substance is similar in tinctorial 
propertie.s to rufigallic aetd. 

The pontaacetate melts at 229°. 

Literalurc . — Noah (Annalen, 241, 275). 

VI. Hexahydroxyanthraquinones. Rufigallol. 
Rufigallic acid, 1 : 2 : 3 ; 6 : 6 : 7-Hexahydroxy- 
anthraquinono 


HO, 

ho' 


CO. 


OH 


\/\OH 


OH 


OH 




1 


5K 

Thai valuable substance is obtained by the 
oxidation of alizarin bordeaux with pyrolusite 
in tndphimo aoid sdution. The sulphouio acid 
eito so produoed is hydrolysed by boiling with 
dilute aoiil . This oxi^tion is ent^y analogous 


Raflgallic acid is produced when gallic aoid 
is heated with concentrated sulphuric acid at 
140°. It may bo sublimed in yellow needlea 
A violet solution is obtained with alkalis, red 
with sulphuric acid. Baryta produces a blue . 
insoluble precipitate. Alizarin is obtained by 
the reduction of rufigallic acid with sodium 
amalgam. The substance is a good Qxample of 
a polygenotio dye8tuff,j>nd yields with eduminium, 
iron, and chromium mordants, red, violet, and 
brown re8|)ectivcly. The colours are, however, 
not pure in tope. 

Anthracene Blue. 1 : 2 : 4 : 5 : 6 : 8-h«la- 

hydroxyanthraquinone 
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Dinitroanthraohrysonedisulphonic acid 


/v' /CO. 
H0/\/ Y 

hso.Y«./v'' 


SO,H 

'OH 


8 prepared by sulphonation, followed by nitra- 
don of anthrachrysone. 

It ii a fast brown wool dye. 

On reduction it yields diaminoanthraohry- 
sonedisulphonic acid, which dyes wool violet 
irom an acid-bath, oy blue on a chromium mor- 
iant. 

If, however,* the reduction is carried out in 
alkaline solution with sodium sulphide, then the 
dyestuff Acid Alizarin Green B and G results. 

The constitution of this pioduct is 

SH OH 

HO/\/ X/XsOaNa 

NaSO,\ A A/OH 

OH SH 

it dyes chromed wool a fast, pure green. 

Acid Alizarin Blue BB and GR 

OH pn 

HO/\/ \A\S0.N» 


NaSO, 


/V /COv /. 

i/\y \/\so.i 


is obtained by boiling diaminoanthrachrysone 
disulphonio acid with alkali. A red shade is 
produoed on wool from an acid- bath, which on 
ohroming develops a beautiful blue, exceedingly 
fast to light milling, acids or allcalis. 

8-Nitro-4-anilino-l : 3 ; 6 : 7-tetrahydroxy- 
anthraqulnone-2 : 6-disulphonlc acid is obtained 
in the forih of its triso^um salt (dark bluish- 
violet crystals with coppery lustre) by heating 
a solution of 4 : S-dinitro-l : 3 : 6 : 7-tctrahy- 
droxyanthraquinone-2 : O-disulphonic acid in 
aq[ueou8 sodium carbonate with anilinn. A 
similar replacement of the nitroxyl by aniline 
occurs with the unsulphonated dinitro- com- 
pound (Heller and Skraup, Ber. 40, 2703 ; 
D. R. P. 71964). 

Roflopin, 1:2:6: G-Tetrahydroxyanthra- 
QUinonc. 

ll'hiB tetrahydroxyanthraquinone is obtained 
by heating opianic or hemipinio acids with 
sulphuric acid at 180“. 

Also by fusing the disulphonio acid of anthra- 
rufin with potash. 

It forms a reddish-yellow crust from ether, 
and can lie sublimed in orange needles. 

It gives a violet-red solution in dilute alkalis 
or in sulphuric acid. A curious prope] 5 ty of 
rofiopin w its stability towards fusion with 

’ The substance is of no value as a dyestuff, 
idlioe it gives only dull-brown shades with 
mordants. . 

Liebermonn and Chojnacki 
(AnSaien, 162, 323) ; D. E. P. 103988. 

a- abd jS-Hydroxyanthragallols. 

A mixture of these sfibstances is produced 
wl&cn equimoleoulor proportions of j;allic and 
i(i-bydroxybenzoio acids are heated at 160®, 
vM to parts of sulphuric acid twenty 
haurs. 


The product is poured mto water and the 
dried precipitate extracted ^th alcohol. This 
extract is evaporated and the residue treated 
with hot benzene. The a- compound passes into 
solution, whilst the /8- remains undissolved. 

o-Hydroxyanthragallol crystallises from 
alcohol in golden yellow micro- needles. It 
forms a green solution in alkalis, whilst that in 
sulphuric acid is violet, and shows two absorp- 
tion bands between f and d. With mordants 
it behaves similarly to rufigalhc acid. 

Its tetraacctyl derivative melts at 207®- 

209°. 

/3-Hydroxyanthragallol crysU’ Hisos from 
alcohol and occurs in red needles. Its brown- 
red solution in sulphuric acid shows two absorp- 
tion bands between k and h. 

TJie tetra-aoetate crystallises from glacial 
acetic acid in lemon-yellow tables of m.p. 
189“. 

JJtciature. — Noah (Annalen, 241, 270). 

1:2:3: 4-Tetrahydroxyanthr^uinone w 
obtained by heating anthragallol with sulphuric 
acid in the presence of boric acid at 200°-240°. 
It consists of green needles soluble in both 
alkahs and sulphuric acid with red colour. 
The tetraacetyl derivative molts at 205®. 

Jjiteraiure. — Bayer and Co. D. E. P. 809G8. 

Alizarin bordeaiix (guinalizarin). 1 : 2 : 6 : 8- 
Tetrahydroiyanthraqumone 

i ’ CO 

1 /\ A%/^OH 


I 


OH 


CO 




Alizarin bordeaux is by far the most impor- 
tant of the totrahydroxyanthraquinones. 

It has been obtained by the hydrolysis of its 
dimethyl ether {see below) with a solution of 
hydrochloric acid in acetic acid at 200®. 

It is prepared by heating alizarin (1 pt.) with 
sulphuric acid (10 pts. containing 80 p.c. SO*) 
for four days at 26®-60®. This yields the 
sulphuric acid ester of alizarin bordeaux, to 
obtain which the reaction product is rendered 
alkaline and then boiled with an excess of 
hydrochloric acid. 

It is found that the oxidation of alwarin 
occurs more readily in presence of boric wid. 

Alizarin bordeaux can be obtained in deep 
red needles with green metallic reflect'on. 

On an aluminium mordant it produces 
bordeaux shades ; violet blue on chromium. 

The tetraacetate crystallises from chloroform- 
alcohol in micro- needles of m.p. 201®. 

Dimethyl ether. , x* 

This substance is Synthesised by heating 
Iiemipinic acid and quinol with sulphuric acid 

to 130®,^ , , ^ ^ ^ u 

The brown-red micro leaflets obtamed Dy 
crystallisation from benzene melt at 226®-2^®. 

Literature . — Schmidt (J. pr» Chem. [2] 43, 
239) ; Liebermann and Wense (Annalen, 240, 
299). * ' 

Alizarin Green S (B). . . 

Alizarin blue can be oxidised by means of 
sulphur trioxide, and the prodwt on tie^went 
with sulphuric acid gives a dihydroxyalizam 
blue of the probable conetitntion 
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salamander, contain bases similar in every 
respect to the tj^ioakvegetable alkaloids. The 
exact demarcation ot croup is difficult ; 
generally the alkaloids may be said to contain 
heterooyolio nitrogen, to be soluble in solvents, 
immiscible with water and to have a complicated 
moleoulaj structure. These characters are, as 
a rule, not possessed by the simpler amines and 
betaines derived from the amino- acids of pro- 
teins, nor by choline and other bases of general 
biological importance, which, in contradistinc- 
tion to the typical alkaloids, are not limited to 
one, or a few, species of plants or animals. For 
a full account jm these amines, betaines, clioline, 
&c., V. Barger)^ The Simpler Natural Bases, 
Longmans, 1914. A list of books dealing with 
alkaloids is given at the end of this article. 

The discovery of the first alkaloid is due to 
the German pharmacist Scrtdmer, who, in 1805, 
isolated from opium a substance ‘ morphiura,’ 
which he described more fully in 1817 as a basic, 
salt-forming substance having the principal 
physiological action of the drug. The discovery 
of morphine was quickly followed by that of 
other alkaloids, made chiefly by Pelletier and 
Caventou. The first volatile alkaloid, coniine, 
was isolated in 1827 by Giesocke, and nicotine 
in 1828 by Posselt and Riemann. 

Distribution and mode of formation. No 
alkaloids have been obtaiiled from gfilgic and 
mosses, hardly any from fungi, a few oidy from 
vascular cryptogams and gymnosperms, more 
from monocotyledons, but the vast majority 
from dicotyledons. Certain large orders, e.g. 
CompoaitCR Oraminem, are very poor in alkaloids, 
others such as the RanmciUaceoe, SolarKK^a’, 
l^apaveraceoe are typically rich. Generally an 
alkaloid is limited to a single genus or order ; 
berberine, however, occurs in several orders. 
The total alkaloids of a plant usually consist of 
a mixture of several bases often closely related, 
which may be present in vor> different amounts. 

The older view that alkiloids are plastic 
materials capable of further utilisation by plants 
has been disproved by CUauiriau (Ann. Soc. 
beige de Microso. 1894, 18 ; Ann. Soc. roy. Soi. 
m6d. nat. Bruxelles, 1900, 9), who concludes 
that thov are waste products, only of use as a 
means of defence on account of their poisonous 
propertiM. The amount of alkaloid is generally 
greatest in the mature plant and in the periphery 
(bark) or in hibernating parts (root) ; it varies 
greatly in different organs. Weight for weight 
young shoots and loaves may contain more 
than older ones. For methods of microscopical 
localisation, sec Errera, Maistriau, and Clautriau 
(Ann. Soc. beige de microsc. 1888, 12 ; Clautriau, 
ibid. 1894, 18). , 

The mode of origin of alkaloids in plants 
is not understood and has given rise to much 
speculation (Czapek, Biochemio der Pflfnzen, 
1905, ii. 267 ; Windaus and Knoop, Beitr. chem. 
Physiol. Path. 1906, 6. 392; Pictet, Arch. Sci. 
phys. nat. 1905, 243, 329; 1906, 244, 389; 
Tunmann, Arch. Pharm. 1910, 248, 644; 
Winterstein und Trier, Die Alkaloide, 1910, 263).; 
The most fruitful contribution is probably that 
trf Robiiwon (Trans. Chem. Soc. 1917, 111, 876), 
who utihses only reactions which can be carried 

how several of the principal alkaloids 
might he built up from ammonia, formaldehyde. 


ormthine, lysine, and degradation products of 
carbohydrates, such as citric and acetonedi- 
carboxylic acids. These substances are imagined 
to ^dergo aldol and similar condensations, and 
it is interesting to note that Robinson has 
actually synthesised tropinone in aqueous 
solution at room temperatiyie from suooindi- 
aldehyde, methylamine, and calcium acetone- 
ciicarboxylate. 

The alkaloids may be classified chemically 
according to the lioterocychc rings in which nitro- 
gen occurs, as derivatives of ]|5yrrolidine (e.g. 
hygrine), of pyridme (e.g. arecohne), of piperidine 
piperine), of glyoxalino (^.y. pilocarpine), of 
mdole (e.g. jphysostigmino), of qainolme (e.g, 
quinine), and of t^oquinolinc (e.g. papaverine) ; 
another group coiitaius alkaloids without 
heterocyclic ring, deryratives of aliphatic amines 
(e.g. narceine). Some alkaloids may be classified 
under two of the above or under additional 
groups ; thus atropine and cocaine contain both 
a pyrrolidine and a piperidine ring, caffeine 
contains a pyrimidine ring in addition to glyoxa- 
linc. No chemical classification can be complete, 
and a largo number of alkaloids of insufficiently 
known constitution have perforce to be arranged 
according to the plants (or animals) from which 
they are derived. 

Method of extraction and isolation. Generally 
speaking, alkaloids, whether occurring in the 
free state or a.s salts of organic acids, are 
extracted from the finely powdered material 
by means of strong spirit. After distilling off 
the alcohol, the bases are extracted from the 
residue by dilute acids, liberated by the addition 
of ammonia or sodium carbonate and extracted 
by chloroform, ether, or carbon tetrachloride. 
This gives the total alkaloidal content of the 
plant, except whore a •quaternary base is 
present, when methods similar to tlfose em- 
ployed for the simpler natural bases, e.g. pre- 
cipitation with mercuric chloride or phospho- 
tungstic acid, are utilised. Certain stable 
alkaloids may be extracted from a mixture of 
the finely powdered plant with lime or magnesia 
by an organic solvent ; ^n other cases (e.g. 
caffeine in tea) extractions with boiling water 
may be employed. 

The ‘ total allialoids ’ of plants obtained by 
the above methods are mixtures for which no 
general method of separation can bo given. 
In some cases, caustic soda may be used^to 
separate the phenohe from the non-phenolio 
bases; in others, fractional extraction of the 
ether or chloroform solution of the bases with 
acid brings about a separation; or, again, a 
fractionation be effected by regenerating 
the bases from acid solution by an idkali in the 
proseneg of light petroleum or ether, in which 
only a part of the mixture is soluble. After 
suitable preliminary treatment on these lines, 
alkaloids often crystallise as the free base, but 
if not, it is generally possible to crystallise a 
salt with a strong or weak acid. A convenient 
method is to add to the dry ethereal solution of 
the alkaloid, contained in a tall stoppered 
cylinder, small amounts of on ethereal or con- 
centrated alcoholic solution of the add, until 
no more alkaloidal salt v precipitated, shaking 
after each addition. If excess of acid is avoidecU 
theflocculent^prdoipitate can be readily washeni^ 
by deoantatiop and is then oiystallj^ from 
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alcohol, with or without ether. The choice of 
the proper acid is sometimes of great importance, 
e.g, for physostigmine the salicylate is the best 
salt, and lor ergoto^dne the phosphate. Acid 
oxalates are frequently valuable, whilst auri- 
chlorides are useful for Solanaceous alkaloids and 
picrates for simph bases, but no general rule 
can be given. For further information con- | 
corning the methods of separating and character- I 
king alkaloids, see Alienas Commercial Organic 
Anfuysis, vol. vi. 1912, 171-177, and the articles 
in this diction«|jy on Ginohona, Ipecacuanha, i 
and Opium alkaloids. 

Physical and chemical characters of the 
alkaloids. Kearly all are solids, and then mostly 
crystalline ; a few (coniine, nicotine) are liquids, 
and are volatile with steam. In a high vacuum 
oven complex alkaloids may often he sublimed 
or dktilM on a small scale, e.g. strychnine. 
Most alkaloids are optically active ; the specific 
rotation of the free base in a dissociating solvent 
may differ considerably from that of the ion of 
a ^t in the same solvent, and the two may 
oven have opposite signs {e.g. nicotine and its 
salts) (c/. C!arr and Reynolds, Chem. Soc. Trans. . 
1910, 97, 1328). 

The majority of the t3rpical alkaloids are 
insoluble, or very sparingly soluble, in water ; 
their best solvent is alcohol. Usually they are 
also dissolved by chloroform, less generally by 
ether, benzene, or amyl alcohol, sometimes by 
light petroleum. Simple amines, betaines, 

S urine derivatives, and quaternary alkaloids 
ke columbamine, are often more soluble in 
water than in organic solvents. The aqueous 
solutions of the alkaloids arc often strongly 
alkaline to litmus, but a few alkaloids which are 
acid amides (colchicine, caffeine, iiipcrine) are 
so feebly basic that they may be extracted from 
acid solution by chloroform, owing to the 
extensive hydrolysis of their salts. In these 
coses the salts are mostly not obtainable in a 
pure crystalline condition. Alkaloidal salts are 
generally more or less readily soluble in water 
and in alcohol, but as a rule not in chloroform 
or ether. Salts of the more complex alkaloids 
may be very little soluble in excess of the acid, 
if the latter k highly dksociated (mineral acids 
or even oxalic acid). 

The vast majority of alkaloids are tertiary 
^fases. A few (carpaine, cytisine, ephedrine) 
are secondary bases ; the betaines, berborine, 
oolumbamine, &c., are quaternary. Primary 
bases ore only found among amines derived 
from the amino- acids of protein and not among 
true alkaloids ; they seem to be formed only by 
bacteria and fungi. 

Moat of the alkaloids are monacid bases even 
when they contain several atoms of nitrogen in 
the molecule. Thus, pilocarpine with two, 
physostigmine with three, and ergotoxino with 
five nitrogen atoms are monaoid bases. Quinine 
k the beat known example of a di-acid alkaloid. 
Certain alkaloids or their salts can be hydrogen- 
in aqueous solution or suspension by means 
of molecular hydrogen in presence of nicke^ 
suboxide, or a coUoida^ metal of the platinum 
group, at the normal temperature and pressure 
or at increafled pressures. Thus qi^ine hydro- 
boride yields hydroquinine, morphine yields 
'Whydromorohine, and codeiile yields dihydro- 
ooofiine, whikt cinnamyloQoaiae gives hydro- 


ohmamylcooaine, an oily liquid decomposed by 
heat. Strychnine and 1l>:ttcine yield the corre- 
sponding dihydrides, an<P colomoine gives the 
tetrahydro- derivative. The reduction of these 
alkaloids may ako be effected by nascent 
hydrogen liberated from formic acid by the 
action of finely divided metals of the platinum 
group (HCOOH=H,-f COj). Quinine, morphine, 
codeine, and other opium alkaloids may be 
converted into dihydro- derivatives (Eng. Pat. 
10204, 1913 ; 14247, 1913 ; D. R. PP. 306939 ; 
230724 ; 260233 ; U.8. Pat. 989604 ; Eng. Pat. 
3948, 1912). 

General alkaloidal precipitimts. Auric 
chloride AuClj combines with atkiloidal hydro- 
chlorides to form well-defined auriohlorides of 
the composition BjHAuCl*, generally sparingly 
soluble in water, and obtained as pale-yellow 
precipitates on mixing the gold and alkaloidal 
chlorides in aqueous solution. The auriohlorides 
may be recrystallked from alcohol or water 
acidulated with hydrochloric acid, and are most 
useful for characterking Solanaceous alkaloids. 

I Occasionally gold chloride is reduced to metallic 
gold with formation of a red gold sol. The 
auriohlorides may be analysed by simple ignition, 
or by combustion, or by decomposition with 
hydrogen sulphide ; in the last ease the alkaloid** 
k recovered unchanged by making the filtrate 
from the <^old sulpmde alkaline and extracting 
with chloroform. In a few cases, when alcoholic 
solutions of gold chloride and of the alkaloid 
are mixed, stable crystalline salts (auric chloride 
compounds) of the composition BjAuCls are 
obtained (Dunstan and Ince, Chera. Soc. Trans. 
1891, 59, 271). For other aurichloride com- 
pounds of abnormal composition, see Dunstan 
and collaborators (Ohem. Soc. Trans. 1893, 63, 
201, 445 ; 1900, 77, 57). 

Flaiiuic chloride in aqueous solution may 
precipitate plaiinichlorides of the composition 
Rj.HaPtUls, which are generally more soluble 
than the aurichlorides and are analysed in the 
same way. In both cases the estimation of the 
clilorine may bo useful. 

Picric acid precipitates the solutions of most 
alkaloidal salts, and the resulting picrates may 
often be crystallised (from water or alcohol). 
The alkaloid may be recovered by extracting it 
from alkaline solution by chloroform, or the 
ioric acid may be removed from acid solution • 
y shaking with ether or benzene. The picric 
acid k conveniently estimated without the loss 
of the alkaloid, by nitron (Busch, Ber. 1905, 
38, 861). 

Picrolonic acid (4-nitro-l-p-nitroph0nyl-8- 
methyl-5-pyrazolone) in alcoholic solution 
behaves similarly (e.j. Warren and Weks, J. 
Biol. Chem. 1907, 3, 327). The picrolonates are 
less soluble than the picrates, and are of most 
use '^hen the base and its piorate are leadUy 
soluble in water (histidine, arginine). 

The above four precipitants may be nsed<ior 
obtaining crystalline salts for ac^ysk and 
characterisation. Mercuric chloride k ocoarion- 
ally used for the ikme pu^ose, but laore 
frequently only for preparative purposes {see 
quaternary bases, alwve). The following re- 
agents are more sensitive, but generaBy give 
only amorphous precipitates, unsuitebla for 
analysis. 

Bimuih pokuiiwn iodide (Deegendoi^g rif 
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Kraut's reagent) has been used for isolating j 
simple water soluble ^ses, which aw recovered 
by grinding up the %rick-red precipitate with 
fres&y prepare lead hydroxide. After filtra- 
tion the last traces of lead are removed by 
hydrogen sulphide. Cadmium uotaBsium iodide 
is also employed as a general alkaloidal precipi- 
tant. 

Iodine dissolved in aqueous potassium 
iodide (Wagner’s or Bouchardat’s reagent) is 
one of the most general. In dilute solutions a 
reddish-brown precipitate is formed, which in 
strong solution aggregates at once to a greenish- 
black mass, and consists of periodides of variable 
composition. Many periodides crystallise from 
alcohol, the crystals being green by reflected, 
and red by transmitted light (o/. lierapathite, 
under Quinine). The recovery of the alkaloid 
from aperiodide may be olTected by decolourising 
with sodium thiosulphate or sulphur dioxide, 
and shaking out from alkaline solution, or, if 
this is impossible, grinding up the periodide with 
‘ molecular ’ copper, when only the iodide of 
the base remains in aqueous solution. 

Potassium mercuric iodiile, (Mayer’s ' or 
Tanret’s reagent) prepared by adding potassiuni 
iodide to mercuric chloride until the mercuric 
iodide At first precipitated, is re-dissolved, is the 
best general reagent for detecting alkaloids, 
and may afford an extrlmely delicate test. 
Some alkaloids are most completely precipitated 
in neutral, others in faintly acid, a few in more 
strongly acid solution. In very dilute solution 
only an opalescence is produced, in more con- 
centrated solution a yellowish-white flocculent 
precipitate occurs, from which the alkaloid may 
TO recovered by suspension in water and pacing 
hydrogen sulphide. In spite of its variable 
composition, the precipitate may be used to 
some extent for quantitative purposes {see next 
section). 

Tannic acid is merely a colloidal precipitant 
for complex substances, and precipitates alka- 
loids, along with some glucosides, peptones, &o. 

For a mil discussion of the above and other 
ft.llfA.lmdii.1 Teagents, see Allen’s Commercial 
Organic Analysis, 1912, vol. vi, 185-197. 

QuantiUtive estimation of alkaloids. ^ a 
rule only the ‘ total alkaloid ’ can be determined, 
although in a few oases of technical importance 
{e.g. mnehona and strychnos alkaloids, q.v.) 
individual alkaloids may be estimated in a 
mixture. The estimation of the total alkaloid 
is bsised on the same principles as the isolation. 
Keller (Schweiz, Woohensohr. f. Chem. u. Pharm. 
1894, 32, 44) mixed the finely powdered drug 
with ?n ag ne«i«m oxide, or moistened it with 
ammonia, and extract^ it with ether, or a 
mixture of ether and chloroform. An aliquot 
portion of the extract is chaken with dilute acid, 
the aqueous solution is rendered alkaline and 
again pha-ken several times with ether or chloro- 
form. The alkaloid left on evaporation of the 
solvent may be weighed, but in most cases it is 
more satisfactory to titrate it in aqueous or 
dilute alcoholic solution. Of the various 
indi^toni suggested methyl orange and methyl 
red are theoretically and practically the best in 
most cases ; the latter indicator is said to be 

J uite satisfacteny for all the official alkaloids, 
h npeoial oases haematoxylin is used, and some- 
tlmee iodeosm fws .^Ulen’s Commercial Organic 


Analysis, vol. vi. 178-183 ; and von Korozynski, 
Die Methoden der exakten quantitativen 
Bestimmungen der Alkaloide, Berlin, 1913). The 
last-named compilation gives, I'.a., all the methods 
of the German Pharmacopoeia ; the U. 8. P. 
may also be consulted. A different principle 
is involved in the use of Mayer’s reagent, which, 
as a rule, gives much less accurate results. As 
a titration method this is probably best em- 
ployed in the form given it by Heikel (Chem. 
Zeit. 1908, .32, 1149, 1102, 1 18(5. 1212). Potas- 
sium mercuric iodide is chiefly useful for quan- 
tities too small to bo titrated with acid, and 
should then be used in a nopltolometric compari- 
son with alkaloidal solutions of kimwn strength 
{cf. Ramsden and Lipkin, Ann. trop. Med. 
Parasitol. 1918, 11, 443, who thus estimate 
quinine in blood ami urmo with considerable 
accuracy ; minute quantities of other alkaloids 
can doubtless bo estimated in the same way). 

Toxicological detection of alkaloids. The 
principles are similar to tlioso involved in 
extracting alkaloids from plants, but owing to 
the minuteness of quantities present and the 
possible presence of putrefactive and other bases, 
great care is required. F or details of the methods 
of Stas-Otto, Dragendorft, &c., sec Wynter 
Blyth, Poisons, 'their Effects and Detection, 
1909 ; Kippenberger, Zeit. anal. Chem. 1895, 
34, 294 ; Schmidt, Pharm azeutisohe Chemie, 
ii.Vjll, 1550-68. Colour reactions are of little 
use for identifying an unknown alkaloid, 
especially if impure {v. Allen’s Commercial 
Organic Analysis, 1912, vol. vi. 197-201). 
Pharmacological tests are much more useful. 

Bibliography of alkaloids (arranged chrono- 
logically). , 

I. Guareschi. Einfuhrung in das Studium 

der Alkaloide, transl. frdm the Italian by H. 
Kunz-Krauso. Berlin, 1890. (Includes many 
bases, natural and synthetic, not generally 
regarded as alkaloids.) , t i i. 

.1 W Briihl. Roscoe-Schorlemmer s Lehrbuoh 

der ’Chomie, vol. viii. 1901. (A complete 
account, especially theoretical, with full 
literature references ; untertunately now some- 
what out of date.) 1 

A. Pictet. The Vegetable Alkaloids, transl. 
by H. C. Biddle- New York, 1904. (Deals 
with questions of constitution and synthesis.) 

E. Winterstein und G. Trier. Die Alkaloide, 
1910. (Less detailed than the above or following ; 
speculations on the mode of formation of alto- 
loids in plants ; physiological action ; includes 
the simpler amines, betaines, &c.) 

J. Schmidt, in Abdorhalden’s Biochemisones 
Handlexicon, vol. v. pp. 1-452. Berlin, 1911. 

(Chiefly for literature references.) 

E. Schmidt, Pharmazeutische Chemie, 1911, 
vol. ii. pp. 1541-1855. (Very complete} 
tions many little-known alkaloids; unfortu- 
nately no literature references ; deals most fully 
with official alkaloids.) ^ 

Allen’s Commercial Orgamc Analysis, 1912, 
vol. vi. pp. 197-726, and 1913, vol. vii. pp. 1-M. 
(Full analytical and technical accounts of the 

better-known alkaloids^ „ , , 

T A. Henry. The Plant Alkaloids. liondon, 
1913» PP- (The most complete general 

account in EngUsh.) 

i For questions of constitution and syntnow, 
I the following .monographs are usefuh— 
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J. Sohmidt. Ueber die Erforschung dor 
Konstitution und die Versuohe jsur SyntheBe 
wiohtiger Pflanzenalkaloide. Stuttgart, 1900 ; 
and tne triennial supplements, Die Alkaloid- 
ohemie in den Jahren, 1900-1904, 1904-1907, 
1907-1911. G. B. and P. L. P. 

ALKANET. 5?he Arabic name Al-^hennve^ 
modified to alkanna or al-kenna, was originafly 
applied to the lythracoous shrub Lawsoma alba 
(Lam.), the root of which was described as Radix 
AlkanncB vera, m contradistinction to the root 
of our alkanna, which is Anchusa imetoria (Lam.), 
and which became known as Radix AlkanncB 
sjmria tinctoria. '^The latter, or False alkanet, 
is also knowui as OrcaneMet Fr. ; Orkanei, Ger. ; 
Languedoc bugloss or dyers’ bugloss, Radix 
Alkannoe s^vria. A rough plant with downy 
spear-shaped leaves, and tclu.sters of j)urj)lish or 
reddish flowers; belongs to tho Boragivacecx. 
Found in Asia Minor, (Jroece, Hungary, &c. 
The roots, which have an astringent taste, occur 
in commerce, varying from the tliickncss of a 
quill to that of a finger. 

Alkanet is one of the more ancient dye- 
stuffs, having been employed by the Romans, 
but, on the other hand, it docs not appear at 
any time to have attained such importance 
as madder, indigo, or even turmeric. The 
colouring matter of alkanet, known as an- 
chusin or alkannin, has been examined by 
several chemists, but it is doubtful whether this 
compound has as yet been obtained in a che- 
mically pure conation. Its composition is 
variously given as C] 7 H,o 04 (Pelletier, Annalen, 
6 , 27), OscflatiOK (Bolley and Wydlers, Annalen, 
02, 41), (CWnolutti and Nasini, Bor. 

13, 1614), and or (Liebor- 

mann and Roraer, Bor. 20, 2428). 

Alkannin forms a dark-red amorphous powder 
possessing a beotlo-green iridescence, is readily 
soluble in most of the usual solvents, and its 
alkaline solution is deep-blue coloured. On dis- 
tillation with zinc-dust it gives, according to 
Liebermann and Romer, both methylanthracone 
and anthracene. 

Dlacetylalkannln CieHi 204 ( 02 H 8())2 forms a 
dull yellow micro- crystalline powder (C. and N.). 

According to Eriksson (Ber. Deut. pharra. 
Ges. 1910, 20 , 202 ), alkannin consists of two red 
pigments, the one being coloured green and the 
other blue by the action of alkalis. Red crystals 
nave been observed by Tschircli in spaces in the 
cortex of old specimens of alkanet root. As 
alkannin is insoluble in water, in dyeing with 
alkanet an alcoholic extract is usually employed ; 
and iiith aluminium and iron mordanted fabrics, 
violet and grey shades are respectively produced. 
These cdlours, however, are not fast to light, 
and are somewhat readily affected Ijy weak 
alkalis or aoids. 

Haussmann of Mulhouse introduced alkanet 
^to oalioo-jprinting, and for a Idiort time it 
appears to nave played a quite important part, 
but it is now little if at all empWed in Europe 
1 ^ prdin^ dyeing pui^oses. 1% is still used 

colouring artificial wines, pomades, hair-oils, 
&o., und for these purposes it is well 
adapted on account of \ts r^y solubility and 
nature. <- 

B 6 tt^r (J. pr. Chem. 107, 146) and Eng 
^ahres. 70, 936) recommend the oae of papers 
stained by alkanet as indicators ia alkalimetry. 


According to John (Chem. Sohriften iiber 
Alkanna, iv. 84), Thoms|n (Pharm. J. [3] 10, 
860), and Eriksson (Z.c.), alkanet root contains 
from 6 to 0 p.o. of anchusin. A. G. P. 

ALKANNA or AL-KENNA. The powdered 
root and leaves of the Lawsonia alba (Lam.), 
used in the East for dyeing the nails, teeth, 
hair, and garments. Used in Persia mixed with 
lime for dyeing the tails of horses. 

ALKANNIN (ANCHUSIN) v. Alkanet. 

ALKASAL V. Synthetic drugs. 

ALLANITE {v. Orthite). This is variously 
regarded as a synonym or as a variety of 
ortliilo. The original allauite^was discovered 
at Kalvarsuatsiak in east Greenland by C. L. 
Gie.secko in ISOO. described by T. Allen in 
1808, and named by T. Thomson in 1810. 
Similar material has been found at numerous 
other localities in Greenland (0. B. Bdggild, 
Mineralogia Groenlandica, Kjobenhavn, 1906). 

L. J. S. 

ALLANTOIN. Gh/oxyldiureide C 4 H 0 O 2 N 4 
.NHCH-NHCO-NHa 
CO/ I 

^NHOC 

/NH C : N'CO-NHj 
or CO< I 

.-NHjCO-NIb ^ ^NH'C(OH)-NH 
or CO I >(X)^CO >00 

'-.NH Oil NH ^ '^H CH NH 

(Titherley, Chem. Soc. Trans. 1913, 103, 1336 ; 
Hiltz, Ber. 1913, 46, 3410 ; Mendel and DaWn, 
Chem. Soc. Trans. 1916, 107, 434) was found 
originally in the allantoic liquid of cows (Vau- 
quelin and Buniva, Ann. Chim. 2.3, 269 ; 
Lassaigne, Ann. Chim. Phys. [2] 17, 301) 
and in the urine of newly-born calves (WbWer, 
Annalen, 70, 229) ; it occurs in the blood of 
tho pig and ox (Hunter, J. Biol. Chem. 1917, 
28, 369-374) ; in beetroot (Smokenski, Zeitsch. 
Ver Dtsch, Zuckeruid, 1910, 1261) ; in root of 
phascolus mvliiflorus (Power and Salway, Pharm. 
J. 1913, [4] 30, 562) ; in Anabasis aretioides and 
other plants (Stieger, Zeitsch. physiol. Chem. 
1913, 80, 269 ; J(mnBon, J. Amer. Chem. Soc. 
1914, 36, 1, 339) ; also in the young leaves, buds, 
and stem of the plane tree [Flatanus orientalis) ; 
sycamore (Acer psendovlatanus) ; in the bark 
of the horse-chestnut (Msculus hippocaatanum) ; 
in comfrey root (Titherley and Coppin, Pharm. 
J. 1912, 34, 92) ; and in rice poliahings (Punk, 
J. of Physiol. 45, 75). Under normal conditions 
of growth 0*25 gram allantoi'n may be isolated 
from 440 grams of fresh young leaves of the 
plane, but when the branches are out in bud 
and the buds allowed to open in water, Uie 
amount of allontoln increases to 0*6 or 1 p.c. of 
the dried leaves (Sohulze and Barbieri, Ber. 1881, 
14, 1602 ; J. pr. Chem. [ 2 ] 26, 146 ; Sohulze 
and Bosshead, Zeitsch. physiol. Chem. 1884, 
9, 420). It has been found in the nitrogenous 
constituents of wheat-germs (Richardson and 
Crampton, Ber. 1886, 19, 1180) ; in tobacco 
seeds (Sourti and Peroiabosco, Gazz. chim. ital. 
1906, 36, ii. 626) ; and in crude beet juice (v. 
Lippman, Ber. 1896, 29, 2662). AUantoIn is a 
normal constituent of the urine of mammals; 
the amount varies in different species, being 
greatest in the dog and least in man (Fierioho, 
Stadeler, J. 1864, 7, 714 ; Wieohowski, Bioolmm* 
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Zeiteoh. 1909, 19, 368 ; Sohittenhelm, Zeitach. 
physiol. Chem. 190^ 63, 248, 269, 283, 289). 
The whole quantity ft allantoin excreted by man 
on a milk and vegetable diet may be derived 
directly from the food (Ackroyd, Bio-Chem. J. 
1911, 6, 400). In the case of the dog the 
amount of allantoin in the urine is increased 
after a diet of animal food (Salkowski, Ber. 
1878, 11, 500), of calf’s thymus (Cohn. Zeitsch. 
physiol. Chem. 1898, 25, 607 ; Mendel, Amer. J. 
Physiol. 6, xiv.-xv. ; M‘Lachlan, I’roc. Roy. 
Soc. Edin. 1906, 26, 96 ; and on increasing the 
ingestion of water per day from 900 to 3460 c.o. 
there is an increase of 20 p.c. in output (Fairhall 
and Hawk, J. Amor. Chem. Soc. 1912, 34, 646). 
There is about 30 p.c. increase in elimination of 
allantoin if adrenaline is introduced (halta, 
Zeitsch. exp. Path. Ther. 15, 366). It is also 
increased after the administral.ion of uric acid 
(Salkowski, Ber. 1870, 9, 719 ; Swam, Amor. .X. 
Physiol. 1910, 6, 38 ; Wiechowski, Boitr. Chem. 
Physiol. Path. 1908, 11, 109; Biochem. Zeitsch. 
1910, 26, 431), or of nucleic acid (Mended, l.c . ; 
Schittenhelm, Zeitsch. physiol. (3iem. 1910, 
66, 63; Wiechowski, l.c.). Allantoin is there- 
fore to be regarded as an end-produot of uric 
acid metabolism in the case of such animals as 
dogs and rabbits (Wiechowski, l.c. ; Schitton- 
hofin, l.c.). For the importance of aUanto’in as 
endq)roduct in purine mestibolism In monkeys, 
see Hunter and Giveus, Pro. Amer. Pnysiol. Soc. 

1910, xv.-xvi. ; Amer. J. Physiol. 27, 1910- 

1911, XV. Allantoin is of therapeutic value 
(Funk, J. of Physiol. 46, 489-492), and is used 
to induce odl proliferation m cases of burns, &c. 
(Titherley and Coppin, Pharm. J. 1912 [iv.l 34, 
92-94). Allantoin injected increases the blood 
pressure (Backmann, Zentral. blatt f. Physiol. 
26, 166). 

The method of preparation of allantoin by 
oxidising uric acid with lead peroxide in presence 
of water is due to Liebig and Wohler (Annalen, 
1838, 26, 246) ; it has been modified by Mulder 
(Annalen, 1871, 169, 349), who effects the 
oxidation in dilute acetic acid solution and in 
bright daylight ; by this method 100 grama 
of uric aeid yield 30-32 grams of allantoin. 
A quantitative yield of allantoin is obtained 
when uric acid is oxidised by an alkaline solu- 
tion of potassium permanganate, and the 
intemediate compound 

/NH*C0-C(0H)-NHv 
CO/ I >CO 

\nH C(OH)*NH/ 


decomposed by acetic acid (Sundvik, Zeitsch. 
physiol. Ghem. 1904, 41, 343 ; Behrend, 
Annalen, 1904, 333, 141 : and 1915, 410, 340- 
341). Allantoin is also Stained by the action 
of nitrous acid on dialurio acid (Gibbs, Annalen 
Suppl. 1870, 7, 337). The synthesis of alltntoin 
has Been effected (1) by Grimaux (Compt. rend. 
1876, 83, 62) by heating a mixture of glyoxylic 
acid (1 part) and carbamide (2 parts) at 100° 
for 8-10 hours ; (2) by Michael (Amer. Chem. 
J. 1883, 0, 198) by heating a mixture of mesoxalio 
acid and carbamide in equal proportions at 
110* ; (3) by Simon and Chavanne (Compt. 
rend. 1^, 143, 61) by the action of ammonia 
or alkali hydroxides on ethyl allantoate CH(NH' 
00*NH|)j|C0|B!t, obtained by the condensation 
of etkyl glyoxylate with carbamide; (4) by 


Behrend and Zi^r (Annalen, 1916, 410, 337- 
373) by condensing uric acid and alloxanio acid 
in boiling acetic anhydride ; (5) by Biltz and 
Giesler (Ber. 1913, 46, 3424) by the action of 
potassium cyanato on 6-ammo hydantoin 
hydrochloride ; and (6) by Biltz and Heyn 
(Annalen, 1916, 413, 39) by tke action of barium 
hydroxide solution on spiro-6,6,-dihydantoin. 

Allantoin is readily soluble m boiling water, 
sparingly so in cold (1 : 131'6 at 21*8°) (Grimaux, 
Ann. Ohim. Phys. 1877, [v.]^ll, 389); it is 
optically inactive (Mendel and^ Dakin, J. Biol. 
Gliem, 1910, 7, 153) ; crj/stallises in glassy 
monoclmu' prisms (Dauber, *AnnaIen, 1849, 71, 
51 1 ; Hunter, Biochem. J. 28, 3>9) ; its heat 
of combustion at constant pressure is -f413*8 
Cal. (c/. Emery, Benedict, Amor. J. Physiol. 
28, 1911, 303), and Jieai of formation -1-170‘4 
Cal. (Mntignon, Ann. (fiiini. Pliys. 1893, 
[vi.l 28, 106). It melts at 227° (Titherley 
and Ooppm), 236° with decomposition (Watt, 
Pharm. J. 1917, 46, 283), 235°-23G° (decomp.) 
(Bilt/, and Hoyn, ihid. 40) ; 232° (Hunter, l.c.). 

Allantoin forms a silver salt C^HsOgNiAg 
(Liebig and Wohler, l.c.) and a potassium 
salt C 41 I 503 N 4 K (Mulder, l.c.) ; it also com* 
bines with certain metallic oxides to form spar- 
ingly soluble compounds ; the mercury, copper, 
zinc, lead, and cadmium derivatives are de- 
scribed by Lirnpricht (Annalen, 1863, 88, 94). 
(For the method of estimating allantoin based on 
the sparing solubility of tlio silver and mercury 
derivatives, see Loewi, Zeitsch. anal. Chem. 1900, 
39, 266 ; Poduschka, ibid. 267). Allantoin from 
even 0*1 p.c. solution can bo nearly quantita- 
tively precipitated w'lth mercuric cliloride and 
sodium hydroxide or carbonate (Hunter, J. Biol. 
Chem. 1916, 28, 270). For titrimetric estimation 
in urine, see. Handovsky (Eeitsch. physiol. Chem. 
90, 211-220); for estimation in urinft end in 
presence of sugar, Pliramer and Skelten (Biochem. 
J. 1914, 8, 70-73, and 041-648); Giveus (J. 
Biol. Chem. 1914, 18,4*7-424). 

Allantoin is oxidised by potassium ferrioya- 
nide in the presence of potassium hydroxide to 
potcbssiuni ctll&intox£tnB<t 0 ^ # 

/NH’CO 
CO< J 

'NH C : N’COaK 

(van Embden, Annalen, 1873, 167, 39) ; the free 
acid does not exist, but breaks down, when 
liberated from its salts, into carbon dioxide and 
allantoxaidin 


CO 


^NHCO 
^NH-d : NH 


(Ponomareff, Ber. 1878, 11, 2166). For oxida- 
tion of with bromine liquors {see Cordier, 
Monatsft. 33, 769-796). Methylallantoln and 
isomerides (Fischer and Ach, Ber. 1899» 32, 
2745 ; Biltz and Heyn, Annalen, 1916, 413, 
83-85, and 97) ; \-meihylallardoin (a-methyl- 
allantoin) obtained from 9-methyl urio aoid, 
has m.p. 260'*-262" (deoomp,), Fischer and 
Ach, m.p. 265°- 269° (oorr.) deoomp. ; 3-methyl 
allantoin (3 - methylaUanUnn) crystallises m 
prisms with one moteoule of water, m.p. 
226°-227°, decomp., Fyeher and Aoh, m.p. 
226° -227° (dbrr.) decomp. ; 3, S’dimethylallarUom 
is obtained frpm-3, 7*dimethyl8piro-dihydantoI%fc 
m.p. 222°, Iwas yellow (aeoomp.) ; I, 6* 
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dimdhiflaUanUnnt obtained from 1, O-d^e- 
thylBpirodihydantoin, m,p. 226°-227° (K. Th.) 
(deoomp.). A. W. 

ALlEMONITE. a native alloy of arsenio 
ft nfl antimony, SbAs,, found at Allemont in the 
Dauphin6, Przibram in Bohemia ; and Andreas- 
berg in the Hartz. 

ALLMATEIN. Trade name for a condensa- 
tion product of hicmatoxylin and formaldehyde. 

ALLOSAN. Trade name for santalyl allo- 
phanate. 

ALLOXAN. « Mesoxalylcarbamide 

found by IlJebig (Annalen, 121, 81) and by 
Lang (Zeitsch. anal. Chem. 6, 294) in certain 
pathological excretions, is one of the oxidation 
l)roducta of uric acid, andcwas first prepared by 
Brugnatclli (Ann. Chim. Phya. 1817, 8, 201 ; 
from Giornale di Pisica, decade secondo i. 117), 
under the name of erythric acid, by oxidising 
uric acid by means of nitric acid, chlorine or 
iodine. Liebig and Wohler (Annalen, 1838, 26, 
266), who systematically studied the oxidation 
of uric acid, gave to this product the name of 
aUoxan, regarding it as bearing the same relation 
to allantdin and oxalic acid that oxaluric acid 
does to oxalic acid and %irea. According to 
Liebig and Wohler {Ic.) and to Gregory (Mem. 
Chem. Soc. 1848, iii. 44), alloxan can bo obtained 
most readily and with a yield of 90 p.c. by 
careful oxidation of uric acid by means of nitric 
acid, sp.gr. 1’412. 

According to Schlieper (Annalen, 1845, 65, 
261), the oxidation of uric acid to alloxan is 
more conveniently effected with hydrochloric 
acid and potassium chlorate ; 4 parts of uric acid 
are mixed with 8 parts of hydrochloric acid, 
and 1 part of finely pWdered potassium chlorate 
added iff successive small quantities, avoiding 
the liberation of chlorine ; after two or three 
hours the dissolved aU^n is reduced by means 
of sulphuretted hy^^^n to the sparingly 
soluble alloxantin, flir is separated from the 
sulphur by crystallisation from hot water, and 
oxidised to alloxan by the action of diluted 
nitric acid. Biltz (Annalen, 1916, 413, 60) 
prepares alloxan from uric acid in one operation 
by oxidation with chlorine. 

Alloxan crystallises from warm saturated 
^uoouB solution in large triclinic prisms con- 
taining 4HaO ; on exposure to the air or on 
heating at 100° it loses aHjO, and the dried 
compound has the composition expressed by 
the mrmula 

CO<^|;^^>C(OH), 

(Lang, Grailich, J. 1868, 308 ; Hartley, Chem. 
Soo. Trans. 1905, 87, 1802) ; it is also^obtained 
in oblique rhombic prisms, belonging to the 
f monoolinio system on evaporating an aqueous 
solution at 65°~70°. The remaining molecule of 
water is lost at 160°. By heating under reduced 
teessuie it is possible to dehydrate aUoxan and 
Ss mono- an<f dimethyl derivaties, all of which 
sublime unchanged in vacuum. 

AUoxan anhydride GiHgOiNO,, yellow rhom- 
bic crystals, has m.p. 266° (deoomp.). 

They are depositea from alcohdls containing 
little hydroomoric acid in t^e form of alco- 
holates; these when heated ^^liminate the 


molecule of alcohol and leave a residue with 
the melting-point of the anhydride (Biltz, Ber. 
1912, 45, 3669-3676). * 

Alloxan anhydride O^HjO^Na, yellow rhom- 
bic crystals, has m.p. 266° (decomp.). 

Wnen crystals of alloxan are kept for some 
years in closed vessels they sometimes undergo 
spontaneous decomposition, forming alloxantin, 
parabanic acid, and carbon dioxide. According 
to Gregory (Annalen, 1863, 87, 126), this is due 
to the presence of traces of nitric acid contained 
in the water of crystallisation. Similar pheno- 
mena were observed by Baumert (Pogg. Ann. 
1860, 110, 93), by Heintz (Pogg. Ann. 1860, 111, 
436), and by Otto (Annalen Sup^l. 1865, 4, 266). 
Gases of spontaneous explosive decomposi- 
tion of alloxan are recorded by Wheeler and by 
Bogert (J. Amer. Chem. Soc. 1910, 32, 809) ; 
the products of decomposition being carbon 
dioxide, carbamide, oxalic acid, and alloxantin 
((Jortnor, J. Amer. Chem. Soc. 1911, 33, 86). 

The molecular heat of combustion of alloxan 
is 276*5 Cal. (Matignon, Ann. Chem. Phys. 1893, 
[vi.l 28, 300) ; the dissociation constant is 
2*32x10”^ (Wood, Chem. Soc. Trans. 1906, 89, 
1835). The dissociation constant K (in diazo- 
acetic ester solution) =0*03642, Ch = 0*000920, 
and the sp. conductivity at 25° (not deducting ^ 
that of water, 1*1 x 10-"= 1*27 X 10-» (Caloagin, 
Atti R. Accad. Lincei, [5] 26, i. 643-648), 

Tn commcfii with tlio other simple ureides, alloxan 
shows no absorption bands in its spectrum 
(Hartley, Chem. Soc. Trans. 1906, 87, 1816). 

Alloxan is readily soluble in alcohol or water ; 
the solution is acia to litmus, stains the skin 
purple, and imparts to it a curious and un- 
pleasant odour. In its physiological action 
alloxan affects the central nervous system, pro- 
ducing first stimulation, then paralysis. When 
taken internally it is excreted in the urine as 
alloxantin and parabanic acid (Lusini, Chem. 
Zentr. 1896, ii. 311, 727, 838; Koehne, Chem. 
Zentr. 1894, ii. 296). 

Alloxan is readily oxidised by warm dilute 
nitric acid, forming carbon dioxide and para- 
hanic acid {oxalylcawamide) (g'.u.) ; is reduced by 
sulphuretted hydrogen, stannous chloride, zinc, 
and hydrochloric acid, or by boiling with excess 
of sulphurous acid to alloxantin {g.v.) ; and is 
readily hydrolysed by alkali carbonates or by the 
hydroxides or chlorides of the alka l in e earths, 
forming the corresponding salt of aUoxanic acid. 
The barium and calcium salts are insoluble. 


/NHCOv 
00 / 
\NH*CO/ 


CO+H,0= 


^CO*NH*CO-NH 

\C00H 


t 


If, however, excess of alkali is employed or the 
solutions are heated," the hydrolysis is carried 
to completion with the formation of nmsoxaUe 
acid .and carbamide (Schlieper, Annalen, 1846, 
66, 263 ; 66, 1 ; Biltz, Annalen, 1916, 413, 
70). Alloxan gives a deep-blue colour wiHi 
ferrous salts, but no precipitate is formed unless 
an alkali is present. According to Agi^tini 
(Boll. Chim. Farm. .1902, 41, 6-7; Chem.’ 
Zentr. 1902, i. 631), the formation of blue oolonir 
is dependent on the presence of a trace of 
ammonia or caustic alkali, and the same de^ 
blue colour is also given by pure ferric Mtts 
under conditions. For- simiisrity in th© 

behaviour of triketohydrindene hydrate ai^ 



m Bti!i«maiui (Obfim. Soo. Trans. 
19U, 99, 79^); Tranbe (Ber. 1911, 44, 3146); 
Retinger (J. Amer. Ohem. Soo. 1917, 39, 1069). 
AQoxan gives the muroxide reaction, and 
Angrestini (Ic.) finds that the ammonia in 
the reaction can be replaced by certain acid 
amides, amino acids, or substituted amines; 
Rosenheim^s alloxan test for choline (J. Physiol. 
1906, 83, 220), namely, the foymation of a 
deep red- violet colour when a drop of a 1 p.o. 
solution of choline hydrochloride Is evaporated 
on the water-bath with a few drops of a 
saturated solution of alloxan, is probably a 
reaction of the same order. 

Other tests 4or alloxan are (1) the formation 
dl a deep violet-blue colour when a solution of 
alloxan w boiled for a few minutes with a drop 
of pyrrole. The colour changes to red on cooling, 
becoming green and then intensely blue on the 
addition of alkali. (2) The blue-green solution 
obtained on mixing concentrated sulphuric acid 
solutions of alloxan (or alloxantin) and pyro- 
catechol, the colour changes to an intense 
green on dilution (Agrestini, l.c.). Hartley 
(Chem. Soc. Trans. 1905, 87, 1810) finds that 
hydrated alloxan, when powdered along with 
pure calcite, acquires a yellow ish-pmk tinge. 
After half an hour the colour is decided and it 
is permanent ; on adding water a red solution 
is obtained. When alloxa^, dried ^t 100°, is 
similarly treated, there is no colour*developed 
until water has been added. Alloxanic acid 
gives no such colour reaction. Alloxan yields 
alooholates, phenolates, and sulphites (Bdtz, 
Ber. 1912, ^5, 3667-3670), also a compound with 

» 9n peroxide (C4Ha04Na)ioH«()2 (Stolzcn- 
er. 1910, 49, 1545). 

^or other derivatives of alloxan, see Behrend 
and Zieger (Annalen, 1915, 410, 337-373). 

Potassivm alloxan C4H30r,N2K, pale rod 
needles, decomposes about 235'’. 

Carbamide aUozanate C4H406N2,C0(NH2)2, 
crystallises in four-sided prisms, decomposes 
106°-166°. 

Urea and alloxan also form a compound 
CI6H8O0N4, decomposes 117® or 133'’- 134°, is 
probably a salt-like compound. It gives uric 
* acid and glycol when boated ; bojled with acetic 
anhydride it yields an anhydride (l5Hg06N4, 
microecopio needles, m.p. 186°-186°. 

Methyl dlloxanate CeHflOjN,, prisms, decom- 
poMB 176®-176®. ^ 

The following homologues of alloxan have 
been described *. — MeihylaUoxan 
^NMeCO 


1894, 27, 2088), Ion* 1H,0 when diW tffw 

sulphuric acid, decomposes at 100 ; the 
hyarous compound is a pale yellow 
soluble in alcohol and has m.p. 262‘*-26l^ 
(decomp.) (Biltz, Ber. 1912, 46, 3659). DuthyU 
alloxan C8H10O4N,, prepared by oxidising 1 :3- 
diethylbarbiturio acid with nitric acid, contain, 
ing a little nitrous acid (Sembritzki, Ber. 1897, 
30, 1820). Methylethylalloxanf from ethyltheO- 
bromine by oxidation (Pommerehne, Apoth. 
Zeit. 1897, 12, 6). Some derivatives of 1 : 3> 
diphenylalloxan have been described by Whiteley 
(dhem. Soc. Trans. 1907, 91, m4). 

Inasmuch as the alloxan* molecule contains 
the mesoxalyl radical • 

(OH),C<^®' or 

^CO- ^0- 

it forms a wide series of condensation products 
through the medium of the : C(OH)2 or :CO group 
yielding derivatives of the type 
/-CO-NH 

RC(OH) >CO or R : C<^0 -NH^qO 
'^CO-NH 


co< 


•NH_CO 


>CO 


prepared! from methyl uric acid (Hill, Ber. 1876 
9, 1092) ; from ^-urio acRl (Fischer, Ber. 1899, 
32, 2781) ; from theobromine (Maly, Andreasch, 
Monatsh. 1882, 3, 108 ; Fischer and ClemnL Ber. I 
1897, 80, 3090). It crystallises from water in 
bnUiant colourless prisms, becomes anhydrous 
at 60* in a vacuum, and decomposes at 156*. 1 

Difiu^laVhxan I 

picepared hy oxidising caffeine (Fischer, Annalen, 
1882, 216. 267 ; Maly, Andreasch, Monatsh. 1882. 
8, 96); by boiling dicblorodimethylbarbituric 
trtth water or silver oxide (Tcchow, Ber. 

VoL. i— T. 


respectively. These compounds will be described 
under the following eight headings. 

1. Condensation of Alloxan with Bisulphites. 
— Alloxan forms condensation products of the 
type C4H2N204,NaHS03,UH20 with alkali 
bisulphites (Limprichb and Wuth, Annalen, 1868, 
108, 41 ), and with the sulphites of certain organic 
bases (Pellizzari, Annalen, 1888, 248, 146). 
Alloxan ethylamine sulphite CaHyNBOoH.* 
C4H2N.204,H20 ; Alloxan aniline 
S0,H2,C4H.2 No 04,2 Ho 0 ; Alloxan methylaniline 
sulphite C,HbN-S() 3H2“,C4H2N204'2H20 ; AUoxan 
dimethylanihnesulphiteOg HiiN'S03Ha.C4HaN,04, 
4H2O, are described and* the crystallographio 
constants are given. The benzidine compound 
contains IHjO ; toluidine, aminobenzoic add^ and 
aspartic acid yield similar compounds. Allwcan 
pyridine sulphite is triclinic, and anhydrous 
crystalline derivatives are afforded by quxno.int, 
picolinef morphine^ and cinchonine ; the strychnine 
compound has iHjO, and the brucine compound 
IJHjO. 

2. Condensation ot AHoxan with Hydroxyl- 
amine. — Alloxan condenses with hydroxylamine 
hydrochloride (Ceresole, Ber. 1883, 16, 1133) to 
form the oximZy violuric acid 

(g.v.). 

3. Condensation of Alloxan with Hydrazines. 

— Hyifrazones of alloxan and its homologues can 
be prepared by the condensation of (a) the 
alloxan with the hydrazine 


+ H.N-NHPh 

— ’ N-NHPh, 

(6) the dibromo- derivative of the corresponding 
barbituric acid with the hydrazine 

+. H.N'NHPh 

= C9<kh:co>C: NNHPh + 2HBr, 
(c) the corresponding barbituric acid with t^ 
diazonium chloride , 
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And the following hydrazones have been pre- 
pared by one or moji^ of these methods : — Alloxan- 
phenylhydrazone 

CO<jjH:CO>« = NNHPh 
pale-yellow cryettala, molts and decomposes at 
298®-300* ; 1 1 'S-Dimethylalloxanphenylhydrazone 

CO^M::CO>'-NNHPh 
slender yellow crystals, m.p. 261® the o- and p- 
nitro derivatives are yellow crystalline substances 
and decompose at 310® and 300® respectively 
(Klihling, Ber. 1891, 24, 4140 ; 1898, 31, 1972) ; 

olloxan^enylmethylhydrazone 

co<ra:co>c^NNMerh 


I carbimido- groups take part, and the product 
is au azine ; aUoxazine ^ 

/N:C-NHCO 
c.h/ I I 
\N:C-CONH 

obtained from o-phenylenediamine, forms yellow 
microscopic crystals that decompose above 300® ; 
similar derivatives were obtained from 3 ; 4- 
diaminotoluono and o-j8-diaminonaphthalene 
(Kuhling, Ber. 1891, 24, 2363) ; for the effect of 
0 X 1(1 i.sing and reducing agents on these com- 
pounds, compare Kiihling, Ber. 1896, 28, 1968 j 
1899, 32, 1050). • 

The condensation of alloxan with mono- 
substituted o-diamines results in the formation 
of two compounds according as one or more 
alloxan molecules take part in the reaction, 
^’hus alloxan condenses with orthaminodUolyl- 
umine at the ordinary temperature to form 
alloxanylorihaminoditolylamine 


brick-red hexagonal plates, decomposes at 189°- 
191®(Whiteley, Chem. Soc. Proc. 1906, 22, 201) ; j 
alloxandiphenylhydrazone j 


co<Nn:co>c^NNPh„ 


bright-yellow powder, mclt-s above 270® (Arm- 
strong and Robertson, Ohorn. Soc. Trans. 1905, 
87, 1291); I : ^-diphenylalloxanphenylhydrazone 

■.Co^C:NNHPh 

bright-yellow needles that decompose at 265®, the 
p-nitro derivative forms yellow prism* with a 
purple reflex and melt and decompose at 274® ; 
1 : Z-dijphenylalloxanphenylmeihylhydrazone 





decompolSes at 176® and crystallises in orange 
red prisms or bright- yellow noodles ; 1:3- 

diphenylalloxandiphenylhydrazone 

C0<^p£:C0> = NNPb. 
melts and decomposes at 264°-265°, and forms 
yellow crystals yielding an orange-red powder on 
trituration ; 1 : d-diphenylalloxanphcnyU)enzylhy- 
drazone 



melts and decomposes at 130®, crystallises from 
benzene in bright-yellow needles, and from 
methyl alcohol in bright-red prisms ; from 
toluene a mixture of the red prisms and yellow 
needles is obtained (Whiteiey, Chem. Soo, 
Trans. 1907, 91, 1344) ; alhxancyanophenyl- 
hydrazone 


C,H,-NH-C,TT.-N : C<[;o:nh>CO 

glittering yellow prisms, that melt and decompose 
at 2 S 2 ®, and dissolve in concentrated sulphuric 
acid with a deep red colour ; if, however, the 
condensation is effected in flie presence of fuming 
hydrochloric acid alftd the mixture is boiled, 
d i a lloxanylo) ihaminoditohjlamint 

C(0H)-N(C,ll7)-C,Ha-N:C 

oc'^o 

IIN NH 

is formed. It is crystalline, and blackens at 
300®, dissolves readily in alkali carbonates, and 
gives a deep- blue solution in concentrated 
sulphuric acid. Dimethylalloxan gives similar 
derivatives (Kuhling, Ber. 1893, 26, 640), and 
similar condensation products are obtained 
from alloxan and phenyl-o-phenylenediamine, 
o-aminodi-p-tolylamine, and N-methyl-o-pheny- 
lenediamino (Kiihling and Kasclitz, Ber. 1906 ; 
39, 1314) ; and from tetramethyl-m-phenylene- 
diamine (Sachs and Appenzeller, Ber. 1908, 41, 
91). 

6. Condensation of Alloxan with Aromatic 
amines. — Alloxan condenses readily with pri- 
mary aromatic amines (Pellizzari, Gazz. chim. 
ital. 1895, 17, 419) to form aminoaryl sub- 
stituted dialuric acids, yielding on hydrolysis 
with alkali, the corresponding tartronio acid 
: (g.».). Thus aniline ajjjid alloxan give p-amino- 
! phenyldialurio acid, and this on hydrolysis 
j yields p-aminophenyltartronic acid 


orf CO 
HN NH 


from alloxan and aminophenvl^anamide, straw- 
yellow compound, m.p. 286® (Kolia, Gazz. obim. 
ital. 1907, 37, i. 623). ! 

4. Condensation of Alloxan with Semicarba- 
zide. — This reaction has been studied by Brom- i 
berg (Ber. 1897, 30, 131). He describes the j 
compounds cdhxanatmicarhazidt CJIjOjNg and ! 

but was | 

nw sticccsrful in detempining their constitution. 

5. Condensation of Alloxan with i}iamines.— 



CO<^i'.CO>C(OH). + C.H..NH, 

CO'\NH€o!>C(OH);O.H.-NH, + 4K0H 
= NH.C,H,C(OH)(COjK)j+2NH,+R,CO,. 
In view of the importance of these compounds 
as sources of tartronio acids, their preparation 
forms the subject of^a patent, J). R. P. 1121T4 
(Frdl. 1900-1902. 168-169), in which the amino- 
aryl- dialuric and tartronio acids obtained fro)as 
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the followteg bases are described : etbylaniline, 
diethylaniline, benzylaniline, methylbOTzylani- 
line, ethylbenzylanimie, diphenylamine, o-toln- 
idine, o-ethyltoluidine, o-aniBidino, methyl-o- 
anisidine; o-phenetidino, m-chloraniline, m-chlor- 
dimethylaniline, and w-ohlordiethylaniline. 

By careful oxidation with potassium perman- 
ganate of the alkali salts of the tartronio acids, 
or by oxidising the corresponding dialuric acid 
with mercuric oxide in presence of potassium 
hydroxide, the corresponding glyoxylic acid {q.v.) 
can be obtained 
m,'C,K^C{0}i){COiR)^+ 0 

= NH,-C,H.-COCO,H + CO, + H,0 
and the preparation by these methods of an 
important series of glyoxylic acids forms the 
subject of patents D. R. R. 117021, 2G/11, i 
1900: and 117168, 3/12, 1900. | 

Alloxan condenses also with pyrazolone bases j 
to form derivatives of dialuric acid (tartronyl- 
carbamide), and these on hydrolysis with cold 
caustic alkali yii'ld the corresponding substituted 
tartroniraides"(Rellizzari, Gazz. chim. ital. 1888, 
18, 340). Thus phenylmeihylpyrazoloneiartronyl 
carbamide 
NPhCO 


described by Kiihling (Ber, 190fi, 88, 8003). 
Ktihling ana Schneider (Ber. 1909, 42, 1280) : 

phenacyldialuric acid 


i : 




yCONH 

cophcn^-qoH) \co,h,o 
\co-nh/ 

m.p. 212®, with decomposition ; the hromo- 
derivative decomposes at 217® ; p-ethoxyphen- 
acyldialuric acid C,4H,408N2, m.p. 214^; the 
bromo- derivative, ueconipo.ses at 201® ; ay-di- 
phenylacetonylduiluric acid 

yCO-NH 

CH.PhCO-GHPh'd^OlT) 

m.p. 2.33° with decomposition ; p-meihylphen- 
acyldialuric acid • 

yCO'NH 

GjH^Me-GO'CHa-CIlOH) yCO 
\C0'NK 

m.p. 241®-242®, with decomposition ; the acetyl 
derivative decomposes at 220®, the benzoyl at 
215‘^ ; p-mcihoxyphenacyldialuric acid 0, 3H. jOjNj 
decomposes at 227®, and yields an acetyl aeriva- 


207®. 


_I =CMe/ 

forms long yellow needles that decompose at 
170®-178®, and yield phein^lmethylpygazoloneiar 1 
tronimide 

NPh*CO N. 

N = CMe/ 

on hydrolysis ; phenyldimelhylpyrazolonetar- 
tronylcarbamide 

melts and decomposes at 201®, and yields 
phenyldimethylpyrazolonetarironimide 

NPh*CO \ 

decomposing at 246®-260®. 

7. Condensation of Alloxan with Phenols.— 

Alloxan condenses in the presence of hydrogen 
chloride, sulphuric acid, or zinc chloride with 
mono- or polyhydroxy, phenols to form 
derivatives of dialuric acid (tartronylcarbamido), 
that promise to be of value for pharmaceutical 
purposes, and are readily converted by hydrolysis 1 
into the corresponding tartronic acid : 

OH'C.H, + (OH),C<^0-Nh!^® 

/CO-NH 

OH-C,H4.d(OH) ^0 
•\CO-NH 


Por condensMion products of alloxan and sub- 
stituted rhodamic acids {see Butscher, Monatsh. 
1911, 32, 9-19), and alloxan with' amino- 
antipyrine (.^ee Meyer, Compt. rend. 1911, 162, 
1677). M. A. W. 

ALLOXANIC ACID v. Alloxan ; and Biltz, 
Heyn, Bergius (Annalen, 1916, 413, 368) ; 
Bohrend and Zieger (Annalen, 1916, 410, 
337). 

ALLOXANTIN C8He08N4,2H20 (Ritthausen, 
Ber. 1896, 29, 892) exists in small quantities in 
crude beet-juice (Lippmarai, Ber. 1896, 29, 2646), 
and forms 34 to 36 p.c. of the products when con- 
vicin from sow-beans (Ftcta fdba minor) or from 
vetches (Ftcta saliva) is hydrolysed by dilute 
mineral acids (Ritthausen, l.c. ; J. pr. Chem. 
1899, [ii.] 69, 487). Johnson (J. Amer. Chem. 
Soc. 1914, 30, 337- 343) discusses its origin in 
plants. Alloxantin was (jrst prepared by Liebig 
and Wohler (Annalen, 1838, 26, 262) by oxidising 
uric acid with dilute nitric acid ; Or by the 
direct union of alloxan and dialuric acid, or bv 
reducing a cold aqueous solution of alloxan witn 
sulphuretted hydrogen or stannous chloride. 
According to Vitali (Chem. Zentr. 1898, i. 666, 
from Boll. Chim. Farm. 37, 66), the reduction 
can also be effected by means of hydriodio acid. 
Alloxantin was synthesised by Grimaux (Compt. 
rend. 1878, 87, 762) by heating malonic acid, 
carbamide and nhosphoryl chloride at 160®, 
and passing sulpnuretted hydrogen through a 


nitric acid solution of the crude product ; or 
0H-C,H4C(0H)(C0,H)2. I by posshig sulphuretted hydrogen through a hot 
A description of the compounds ol^ained aqueous solution of dibromobar][)ituno acid 
from alloxan and the phenolic compounds, phenol, (Compt. rend. 1879, 88, 86). Koech (Annalen, 
fw-oresol, p-oresol, guaiaool, pyrocatechol, resor | 1901, 316, 246) describes the conversion of iao- 
oinol, hydroquinone, pyrogallol, a-naphthol, is dialuric acid into alloxantin by beating it with 
given in D. R. P, 107720, 25/8, 1898; 113722, guanidine and acetic acid; the change seems 
9/7, 1900 ; 114904, 17/9, 1900; and the tartronio to be due to the transformation of the wodialurio 
acids derived from them are described in D. R. P. ! acid into dialuric acid J)y the at^tion of the base, 
116817, 8/10, 1900. I and the subsequent oxidation of the (haluric 

8. Condensation ol Alloxan with Ketones. — I acid to alloxantin, since, if the reaction is con- 
Alloxan condenses with acetophenone and certain . ducted in fin atmosphdi'e of carbon dioxide, 
of its homologues to form ph^enacyldialurio acid j dialuric acid only is obtained. An 
Otr its derivatives of which the following are | suspension of alloxantin possesses oontid 
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oxygen conraming power (Thnnberg, Sksnd. 
Arch. Physiol, 1916, 33, 217). 

Alloxantih crystallises from aqueous solutions 
in small sharp rhombic prisms, containing 2 mols. 
H,0 ; it becomes anhydrous after heating for 
1-U hours at 150”, or for 5 hours at 107°-110® ; 
it decomposes at” 170° into hydurilic acid, 
ammonia, carbon monoxide, carbon dioxide, and 
oxalic acid ; turns yellow at 225°, and decom- 
poses at 253°-266° (Biltz, Ber. 1912, 45, 3G76). 
It is decomposed into barbituric acid and 
parabanic acid when heated with concentrated 
sulphuric acid &t |20°, or into allituric acid 
CgH 604 N 4 when boiled with excess of hydro- 
chloric acid (uchlieper, Annalen, 1845, 56, 20). 
Alloxantin is sparingly soluble in cold water 
{0*2885 gram per 100 c.c. at 25°, of which about 
22 p.c. is undissociated, Brlman and Bentzon, 
Ber. 1918, 61, 622), yielding an acid solution 
that reduces solutions of silver salts, and gives 
a characteristic violet-blue precipitate with 
baryta water, changing on warming into the 
colourless barium alloxanate which undergoes 
further decomposition into barium mesoxalate 
and barium carbonate (Liebig and Wohler, 
Annalen, 1838, 20, 312). Alloxantin has a 
molecular heat of combustion = 684*7 Cals. 
(Matignon, Ann. Chim. Pliys, 1893, f0| 28, 323), 
and a freshly prepared aqueous solution shows 
a remarkable absorption band in the ultra- 
violet, which disappears upon keeping the 
solution, owing to tlio decomposition of the 
alloxantin into alloxan and dialuric acid (Hai*tley, 
Chem. Soc. Trans. 1905, 87, 1814). Por this 
reason Hartley expresses the constitution of 
alloxantin by the formula 


. /NH*C(X /CO-NH. 

co( H0-^C*0*C:-H >CO 
\NH*C0/ \CO*NIF 


{{bid. 1819 ; see also Biilmann and Bentzon, Ber. 
1918, 61, 622 ; Slimmer and Stieglitz, Amer. 
Chem. J. 1904, 31, 061). Piloty and Pinckh 
(Annalen, 1900, 333, 22) found that alloxantin 
was resolved into alloxan and dimcthylamine 
dialurate, by boiling with dimethylamine acetate, 
and suggest the constitutional formula 


/NH-CO. 

COC H0^C'0*C< 

\nhco/ 


C(OH)*NH 
CO - NH 


>CO 


i%which the relationship between alloxantin and 
alloxan is the same as that existing between 
quinhydrone and quinone. In diazo acetic ester 
the mssooiation constant is 0*0000331, con- 
centration of H ions 0*CK)001044, and sp. con- 
ductivity at 25° (not deducting that of water 
1,1 X 10-i) 1,13 X lO"* (Calcagni, Atti. R. Accad. 
dei Lincei. [6] 25, i. 643 ; see also Richter, Ber. 
1911, 44, 2166; Johnson, J. Amer. Chem. Soc. 
1914, 30, 337). 

Alloxantin is readily converted into murexide 
iq.v.) by the action of ammonia, into alloxan 
by mild oxidising agents, and into dialuric 
acid by reducing agents. In its physiological 
action alloxantin resembles alloxan, but is 
ei^l^iaUy poisonous to cold-blooded animals, 
the hlood^' Bhowing strong reducurg properties ; 
wfceh tiken internally it^appears in the urine as 
parakifmio acid, and in smaller quantities as 
cl^urio aoid* murexide, and alloxantin itself (Ko- 
Zentr. 1887, 1290 ; Susini, Ann. 

, Farm. 1895, 21, 241 ; 1890, 22, 341, 386). 


Ac^ktUoxaniin OioHsOsNAtHgO, obtained 
by the interaction of aoetyl dmlaric aoid and 
alloxan, crystallises in thm leaflets, becomes 
anhydrous when kept in a vacuum over sulphuric 
acia, melts and decomposes at 263°-265®, and 
is slowly*^ hydrolysed by h6t water with the 
formation of alloxantin. 

Benzoylalloxantin CjgHjoOftNgjHjO, simi- 
larly formed from benzoyl dialuric aoid and 
alloxan, crystallises in colourless six-sided plates, 
and melts at 25.3°-266° (Behrend and Friedrich, 
Annalen, 1900, 344, 1). 

Alloxantin is decomposed when boiled in an 
aqueous solution of tne hydrochloride of a 
primary amine, yielding alloxan, together with 
the corresponding dibarb iturylalkylamine. These 
are colourless crystalline dibasic acids, hydrolysed 
by boiling with aqueous alkali hydroxides into 
dialuric acid and the amine. Dibarhiturylme’ 
thylamine 

decomposes at 280°, dibarhiiuryldhjlamine de- 
composes at 236°, dibarhiturylphenylamine be- 
comes blue at 240°, d{barhituryl~a~naphlhylamine 
becomes black at 260°, the corresponding /B- 
compound decomposes at 200°, and dtbarhituryl- » 
carbamide CO(NH * 0411 * 08 ^ 2)1 decomposes above 
300°. 4 . 

The following homologuos of alloxantin have 
been prepared : methylalloxantin C 9 Hg 08 N 4 ^ 
3H20 from mothylalloxan and dialuric acid 
(Andreasch, Monatsh. 1882, 3, 431) ; sym- 
dimethylalloxaniin C,oHio(3gN4,4HjO from 
metliylalloxan (Maly, Andreasch, Monatsh. 1882, 

3, 109), unaym^dmethylalloxantin CioHioOgNi, 
HjO from dimethyldialuric acid and alloxan ^ 
(il^droasch, Monatsh. 1882, 3, 428). Tetra- 
methylalloxantin 0 i 2 H, 4 O 8 N 4 amalic acid (froni 
anak6s — soft, so called on account 01 its 
feebly acid reaction), prepared (1) by oxidising 
caffeine with chlorine or nitric acid (Rochleder, 
Annalen, 71, 1) ; (2) by reducing dimethyl- 
alloxan with sulphuretted hydrogen (Fischer, 
Ber. 1881, 14, 1912) or with stannous chloride 
(Andreasch, Monatsh. 1895, 16, 19) ; (3) from 
dimethyldialuric acid and dirpethylalloxan 
(Maly and Andreasch, Monatsh. 1882, 3, 106) ; 
(4) by the electrolysis of caffeine in sulphuric 
acid solution (Pommerehne, Arch. Phann. 236, 
,365). See Biltz (Ber. 1912, 46, 3673) for the 
preparation of dimethyl and ietramethylalloxarUin 
from theobromine and caffeine respectively. 
Tetraeihylalhxantin CieH220eN4, obtained by 
reducing diethylalloxan, melts and decomposes 
at 162° (Sembritzki, Ber. 1897, 30, 1821). 

, M. A. W. 

ALLOXAZINE v. Alloxan. 

ALLOYS V . Metallography. 

AliiLY(<. A univalent radicle CgHg — , OP 
CHj ; OH-CHj — , isomeric with propmyl CHg* 
OH : CH 

Allyl acetate CH.-COaCsHj boilfl at 103®- 
1047733*9 mm. (Bruhl), and has sp.gr. 0*93*76 at 
0° (Schiff). It is only slightly solufie in water, 
and has a rather sharp smell. It is prepared 
by the action of allyl iodide on silver acetate 
(Zinin, Annalen, 96, 361 ; Oahours and Hofmann, 
Annalen, 102, 296 ; Briihl, Annalmi, 200, 179 ; 
Schiff, Annalen, 2^, 109). 

Allyl acetle acid C8H»*OH|*CO|H boils at 
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187®-189*, and has sp.gr. O'98410 at 16® (Perkin). 
It is ^ghtly Bolunle in water and its smell 
resembles that of valerianic acid. It is unaffected 
by reduction with sodium amalgam, but readily 
unites \rith two atoms of bromine. It is prepared 
by hydrolysing allyl acetoaoetic acid ethyl ester 
with dry sodium ethoxide, or by heating allyl 
malonio acid (Zeidler, Annalen, 187, 39 ; Conrad 
and Bischoff, Annalen, 204, 170 ; Henry, Chem. 
Zontr. 1898, ii. 663). 

The chloride CaHj’GHa'COCl is a thick, 
pungent-smelling syrup, boiling at 128'7765 mm,, 
and of sp.gr. 1*0739 at 16“ (Henry, lx.). 

i^lacetone OHa-CO-CHaCa’Hs boils at 
128®-130“, ana has sp.gr. 0*834 at 27“. It is 
an unpleasant-smelling liquid. It forms an 
amorphous compound with sodium bisulphite, 
and is reduced by sodium amalgam to hexenyl 
alcohol. It is prepared by hydrolysing allyl 
acetoaoetic acid etnyl ester (70 grams) with 
crystallized baryta (216 grams) and water 
(1650 c.c.) (Zeidler, Annalen, 187, 35 ; Mcrling, 
Annalen, 264, 323). Treated with hydroxyl- 
amine it yields aUylac€toximeC}i./C { : N()H)*CHa* 
C 3 H 5 , which IS a liquid boiling at 188“ (corr.), 
soluble in alcohol, benzene, ether, acids and 

AUyl alcohol C^Hb OH, i.e. CHa:CH*CH,*()H 
occurs in raw wood spirit, but only to the extent 
of about 0*2 p.c. (Aronh^m, Ber. *874, 1381 ; 
Crodzki and Kramer, tbid. 1492). It is a 
pungent liquid with a burning taste, and mixes 
readily with alcohol, water, or ether. Ii boils 
at 96*6° (corr.), and has sp.gr. 0*87063 at 0“ and 
0*8673 at 15“/ 15“ (Thorpe, Chom. Soc. Trans. 
1880, 208), Do 0*86929, and b.p. 90*95“ (Wallace 
and Atkins, Chem. Soc. Trans. 1912, 1183). 

It is prepared by slowly distilling glycerol 
(400 parts) with crystallised oxalic acid (100 | 
parts) and a little ammonium chloride (1 part) 
to convert any potassium oxalate into chloride. 
The receiver is changed at 190“ and distillation 
continued up to 260 . It is usually stated that 
the allyl alcohol is produced by the decomposi- 
tion of monoformin, but according to Chattaway, 
the chief source is the normal oxalic ester 
CH, CH*CH 30 H, 

dioxalin I | wJiich on 

0*C0*C0*0 

heating is resolved into carbon dioxide and 
allyl alcohol (Chattaway, Chem. Soc. Trams. 
1914, 106, 151; ibid. 1916, 107, 407). The 
distillate, containing aqueous allyl alcohol, allyl 
formate, acrolein, and glycerol, is rectified and 
(tied, first with potassium carbonate, then over 
solid potash arni distilled. When the last traces 
of water are removed by quicklime it boils at 
96*6®. The yield is on^-sixth of the weight of 
oxolio acid taken -(Tollens and Henninger, Bull. 
Soc. ohim. [2] 9, 394 ; Briihl, Annalen, 200, 
174; Linnomann, Ber. 1874, 864). further 
purification may be effected by prolonged 
heating with sodium bisulphite and, after 
removal of the bisulphite, redistilling several 
times from quicklime (Thorpe), 

According to Koehler (Bull. Soc. chim. 1913, 
fiv.] 13, 1108) the yield of allyl alcohol may be 
Ixumsased from 20 to 32 p.o. by replacing the 
osalio add by formic add. 100 grams of 
fllyoerd ace heated with 80 grams of fonuio add 
to an hour on a water-bath and the product 
tootionally distUled and collected in three 
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fractions: (1) up to 200®; (2) 2OO®-260® ; ( 8 ) 
residue. The saponification index of fraction 
( 2 ) is determined, and it is then poured on to 
twice the calculated amount of solid potassium 
hydroxide. The whole is boiled for an hour, 
allowed to cool, and the top layer decanted and 
dried over anhydrous pOfkssium carbonate. 
The intermediate product is monoformin. 

According also to Hoff (K. Dansko Videnskab. 
Selskab. Forhand. 1915, 199) the most satis- 
factory method of preparing allyl alcohol con- 
si.sts ill the direct reduction of glycerol with 
formic acid. 825 grams of J97 p.c. glycerol and 
84*2 grams of 95 p.c. formic acid (mol. props. 
5:1) are heated together in retort; the 
receiver is changed at 200 “, and the distillate 
collected between 200® and 260“. After cooling a 
fiirt|ier quantity of* 166 grams of glycerol and 
84*2 grams of formic acid is added, and the 
ili.stillatiou carried out as before. This process 
i.s repeated ten times. Froip the distillate 
between 200“ and 250“, which weighs about 
1470 grams, allyl alcohol is obtained after 
treatment with potassium carbonate, the yield 
being about 54 p.c., calculated either with 
respect to the glycerol or the formic acid (Chem. 
Soc. Abstr. 19-16, i. 6 ). 

Allyl alcoliol is oxidised by chromic acid 
solution to acrolein and formic acid ; and by 
dilute nitric acid to formic and oxalic acids ; 
whilst potassium permanganate produces acrolein, 
glycerol, and formic acid. It combines directly 
with chlormc,bromine, iodine chloride, and cyano- 
gen, producing additive products. It is partially 
reduced by boiling for some hours with zinc and 
dilute sulphuric acid to w -propyl alcohol. 
Potassium displaces the hydroxylio hydrogen 
atom and forms gelatinous potassium ally late. 

Donigea (Bull. Soc. *cliim. 1909, 5, 878) 
describes the following colour reactiolis for the 
detection of allyl alcoliol, depending on the 
formation of ( 1 ) glyceraldehyde and ( 2 ) di- 
hydroxyacetono and the condensation of those 
products with various reagents. Bromine 
water ( 0*6 c.c. in 100 c.c. water) is added to 
0*1 c.c. of allyl alcohol,® till a slight permanent 
colouration is produced, and the liquid is 
then boiled, cooled, and divided into portions 
of 0*4 c.c. To each of these 0*1 c.c. of a 5 p.c. 
solution of codeine, resorcinol, thymol, or 
naphthol is added, followed by 2 c.c. of sulphuric 
acid (sp.gr. 1*84) and the mixture warmed 
during 3 or 4 minutes at 100°. Codeine and 
thymol give reddish- violet colouratione, resor- 
cinol wine-red, and )3-naphthol yeUpw with 
greenish fluorescence. The second series of 
colour reactions is obtained by adding to the 
brominated liquid above described 6 c.c. of 
broraq^e water ( 0*6 c.c. in 100 c.o. water), 
heating during 20 minutes at 100 ®, then boiling 
to remove excess of bromine and oooliim. This 
liquid contains dihydroxyacetone, and in the 
presence of concentrated sulphuric acid gives a 
deep- blue colour with codeine, oronge-rM with 
resorcinol, blood-red with thymol, or green with 
green fluorescence with /3-naphthol (Denigfea, 
Compt. rend. 148, 172, and 282). 

Bromine is quantitatively absorbed by aUyl 
alcohol, wjiethei the former is in excess or not, 
and the reaQtion is suitable for the exact 
quantitative estimation of the alcohol, 
may be effected either by direct titration with 
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bromine water until a permanent yellow coloura- 
tion is obtained, or by treating the aoidihod 
aqueous solution of the alcohol with an excess 
of bromide -bromate solution, followed by 
addition of potassium iodide and titration of 
the liberated iodme with sodium thiosulphate 
(Stritar, Monatsh/1918, 119, 017). 

Allylamines. 

iionoaUylamine CjH.'NHa is a liquid boiling 
at 63*3* and of sp.gr. 0-7799 at 4® and 0-7688 at 
15® (Perkin, Chera. Soo. Trans. 1889, 697) ; b.p. 
68® and sp.gr. 0-864 at 16® (Rinne, Annalen, 
168, 262) ; b.p. 66®-r66-6®/766-2mm. (Schilf, Bcr. 
1886, 666). It is prepared from allyl isocyanate 
and potash, ^r from allyl iodide and apamoiiia, 
or by reduction of allyl mustard oil with zinc 
and hydrochloric acid (Ocser, Annalen, 134, 8). U 
possesses a penetrating smell, which excites tears 
and produces sneezing. It is miscible with water 
in all proportions, and is a strong base, forming 
a oiystalline platmichloride (O^lIj-NHalaPtClo, 
and sulphate (CaHg’NHjljHoSO^. The hydro- 
chloride melts at 105®-1]0® (Del6pine, Bull. 
Soo. ohim. [3] 17, 294) and the picrate at 
140°-141® after sintering (Galiricl and Eschen- 
bach, Ber. 1897, 1126). 

Diallylamine (CaH-l^NH boils at 111® and 
is prepared from allylamine and allyl bromide 
(Ladonburg, Bor. 1881, 1879; Liobermaim and 
Ha^n, Ber. 1883, 1641). 

Triallylamine (CallglaN is a very unpleasant- 
smelling liquid, boiling at 150®-151® (Pinner, Ber. 
1879, 2054) ; 165®-166®, sp.gr. 0-8094 at 14-3° 
(Zander, Annalen, 214, 161). It is prepared by 
distilling tetrallylammonium bromide with large 
excess of recently fused potash (Grosheintz, 
Bull. Soc. chim. [2] 31, 391) or from allyl chloride 
and alcoholic potassium cyanide in the cold 
(Pinner, i.c.); or from allyl chloride and am- 
monia (Malbot, Bull. Soo. chim. [2] 50, 90). It is 
displaced from its aqueous solution by potash, 
and forms a crystalline platinichlorido and 
hydrochloride. 

Tetralhjlammonium bromide (C,H 5 ) 4 NBr is a 
crystalline solid, soluble in alcohol and water, 
but only slightly so in ether. It is prepared by 
leading a stream of ammonia into an alcoholic 
solution of ally! bromide. The product is puri 
lied by recrystallisation from alcohol containing 
a little other (Grosheintz, Bull. Soc. chim. [2| 31, 
^#90). Treated with moist silver oxide it yields 
tetrallylammonium hydroxide. 

Tetrallylammonium iodide (CsHjl^NI is the 
main product of the reaction of allyl iodide on 
ammonia at the ordinary temperature (Cahours 
and Hofmann, Annalen, 102, 305 ; Malbot, Ann. 
Chim. Phys. [6] 13, 488). It is a crystalline 
solid, insoluble in strong potash solution. 

AUylanlline CeH^-NHCgH. is a yc/low oil 
produced by the action of allyl iodide on aniline. 
It boils at 208®-209® and has sp.gr. 0-982 at 26® 
* (Schiflf, Annalen Suppl. 3, 364). 

Dlallylaniline C 8 H 5 -N(C 3 H 5)3 is prepared by 
adding allyl bromide (1 mol.) to aniline (1 mol.) 
ip a flask fitted with reflux condenser, separating 
4;be allyl aniline by the addition of potash, and 
convCTting it into diallyl aniline by repeating 

t e process with more kllyl bromide (1 mol.). 
iboiiB at 243-6*-246®,*and has sp.gr. 0-9638 at 
1^® (Zander, Annalen, 214, 149). 

Attjrl banim 0aH.*0Hg-0H:C^s is obtained 
ibeatiog together tozene, allyl iodide and 


zinc-dust to 100® (Chojnacki, J. 1873, 669 ; 
Fittig, Annalen, 172, 312]. It boils at 165®. 
The isomeric propenyl benzene (and phenyl 
propylene-^ aHb'OH : CH*CHs) is sometimes 
incorrectly referred to as allyl benzene. 

Allyl bromide, monobrompropylerie CHgiCH’ 
CHaBr, boils at 70°-71®, and has sp.gr. 1-4336 
at 17® (Zander, Annalen, 214, 144); b.p. 70’5® 
(corr.) (Thorpe). It is formed by the action 
of phosphorus tribromido on allyl alcohol, and 
is prepared by dropping allyl alcohol into a hot 
solution of jiotassium bromide in sulphuric acid 
(1 vol. acid to I vol. HgO) according to Gros- 
heintz (Bull. Soc. chim. [2] 3(T 78); or by 
saturating allyl alcohol with hycu-ogen bromide 
at 0° and subsequently heating to boiling for 
several hours (Jacobi and Merling, Annalen, 278, 
11). 

Allyl bromide absorbs hydrogen bromide in 
bright light for min g trimethyleno bromide ; in 
the dark propylene bromide is also produced 
(Holleman and Matthes, Proc. K. Akad. Wei. 
Amster. 1918, 21, 90). 

Allyl chloride CHa-.CH CHa^l boils at 46®, 
and has sp.gr. 0-9547 at (P (Tollons, Annalen. 
156, 164) ; 0-9371 at 19'3'' (Zander, Annalen, 214, 
142) ; b.p. 45-29® (corr.) (Thorpe). It is pre- 
pared by the action of mercuric chloride on allyj 
iodide, or from allyl oxalate calcium chloride 
and alcohd’ at 100° (Oppenheim, Annalen, 140, 
205) ; or, best, by heating allyl alcohol and 
concentrated hy<hocliloric acid to 100° for some 
hours (Eltekow). It combines with hydrogen 
chloride to form propylene chloride C^HoCla, 
and with fuming hydrobromic acid yielding 
l-chloro-3-bromopropane CIl;jCl‘CHj’CH 2 Br. 

Allyl cyanamide, sinamine, CgHj-NH-CN, is 
produced by warming allyl thiocarbamide with 
lead hydroxide on the water- bath (Will, Annalen, 
52, 15). On standing for some months crystals 
separate from the resulting product. It is pre- 
pared by shaking an aqueous solution of allyl 
thiocarbamide with mercuric oxide until the 
solution no longer blackens ammoniacal silver 
nitrate (Aiidreasch, Monatsh. 2, 780). It is 
alkalme in reaction, precipitatmg metallic oxides 
and replacing ammonia in its salts. The crystals 
contain and melt at 100®, giving up their 

water. It forms a difficultly crystallisablo salt 
with oxalio acid, but not -with other acids, and 
double compounds with mercuric and platinic 
chlorides. 

Allyl cyanide, crofowowt7r<7e. CaHj-CN, boils at 
119® (corr.), and has sp.gr. 0-8491 at 0® and 
0-8351 at 16®. It is obtained by the action of allyl 
iodide on potassium cyanide, and, together with 
other products, by allowing allyl mustard oil to 
remain m contact with water for some weeks, 
and also by the action of acetic anhydride on 
crotonaldoxiine. It has been prepared by Henry 
(ChenJ/ Zentr. 1898, ii, 662) by the action of 
phosphorus pentoxide on a- or /8-hydroxy-bu- 
tyronitrile. It is a liquid with an unpleasant, 
onion-like smell. On warming to 60®-60® with 
fuming hydroohlorio acid for two hours, chloro- 
butyrio acid is produced. Chromic acid oxidises 
it to acetic acid, nitric acid to oxalio acid. 

Allylenes. Two allylenes are possible and 
known : symmetrical allylene CHg:C:CHj„ 
and unsymmetrioal allylene CHg-OiCH, 

Symmetrioal sUytone^pre^odtene, CH. : 0 :0Hi» 
is a gas whioh bums wif£ a sooty luminoua 



flame. It is prepared by dropping a-bromoallyl 
bromide (10 grams) into a mixture of 20 grams 
zinc-dust and 26 grams alcohol (70 p.o.) (Gus* 
tavson and Demjanow, J. pr. Chem. [5] 38, 202). 
It does not precipitate ammoniacal^ solutions of 
silver nitrate or cuprous chloride. 'It is readily 
absorbed by strong sulphuric acid, and acetone 
is produced on dilution. When dissolved in 
absolute ether and heated with sodium to 100°, 
it changes into the isomeric methyl acetylene 
It readily forms a tetrabromide CaH^Br^ by 
addition of bromine. 

Unsymmetrical allylene, methyl acetylene 
CHaC'ClI, results from propylene bromide, 
monobromop«)pylene, or monochloropropylciio 
by withdrawal of HCl or JIBr by means of 
alcoholic potash, and from symmetrical allylene 
(v. au'pra). it is an unpleasant-smelling gas, 
which is liquefied under a ]uessuio of 3 4 
atmospheres. Tt burns with a bright sooty 
flame. It dissolves readily in ether (30 vols. in I 
of ether at 10°). Potassium permanganate in 
the cold oxidises it to formic, oxalic, and malonic 
acids. Explosive compounds are produced by 
leading it into ammoniacal solutions of silver 
nitrate or cuprous chloride. Concentiatcd sul- 
phuric acid readily absorbs it, forming on dilution 
and distillation acetone mesityleno and allylene 
sulnhonic acid CaHaSOall (Schrobc, Ber. 1875, 18 
and 367). The hanum ml^ot the latter is crystal- 
line, easily soluble, and not decomposed on boil- 
ing with water, ('/. Acetylene : liomologi e- 1 f 

Allyl ether CgHj'O'tiaHn boils at 1)4’3° and 
has sp.gr. 0'8040 at 18°. It is prepared from 
allyl iodide and sodium allyl alcoliolatc, or from 
allyl iodide and mercuric oxide (Cahoura and 
Hofmann, Annaleu, 102, 21)0 ; Bcrthelot and 
Luca, Arm. Chim, Phys. [3] 48, 291). 

Allyl ethyl ether OallB'OCalls bods at G6°- 
G7°/742*0 mm. (Briihl, Annalcn, 200, 178). Pre- 
pared from allyl iodide and sodium ethoxide. 

Allyl iodide OgHel boils at 102-79° (corr.) 
(Thoqio and Rodger), and has sp.gr. i•8G9G 
070 °. Bertliolot and Luca (Ami. (.'him. Phys. 
[3] 43, 257) obtained it by the action of Pl^ on 
glycerol. It may be prepared by leaving 
together for 24 hours red phosphorus (20 grains), 
allyl alcohol (160 grams), and iodine (254 grams) 
(Tollens and Henninger, Annalen, 15G, 15G) ; 
or by the following process ; 100 grams of 

iodine and 1500 grams of carefully dehydrated 
glycerol are brought together in a largo vessel, 
the air displaced by a current of carbon dioxide, 
and 300 grams of ordinary phosphorus gradually 
added. The allyl iodide is distilled off in a 
stream of carbon dioxide, and then contains 
as impurity some isopropyl iodide. According ' 
to Rasik Lai Datta (J. Amer. Chem. Soc, 1914, 
36, 1006) the use of* carbon dioxide is un- 
neoessary. To purify it, it is dissolved in 
alcohol and shaken with mercury, when the 
compound HgCsHsI is precipitated. •This is 
recrystallised from water and decomposed, 
regenerating allyl iodide, by distillation with 
water and the theoretical quantity of iodine 
(Idnnemann, Annalen Suppl. 3, 263). Ji, com- 
bines with bromine to form tribromhydrin, and 
with hydriodio acid to give diiodopropylene. 
By long heating with about 20 parts of water it 
is converted into allyl alcohol and hydriodio acid. 

Allyl mercaptan 0,H5SH boils at 90°. 
With merourio chloride it yields C|Hi8HgCl, 
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which crystallises from alcohol in plates (Hof- 
mann and Cahours, Annalen, 102, 292 j Gerlich, 
Annalen, 178, 88). 

Allylmetbylal tsothioeyanate is the name 
given to the compound CgHjO-S-CHa-CN, pre- 
I pared by jpassing a current of formalaehydo gas 
through glycerol (1 kilo) and allyl iaothiocyanate 
(5 grams) heated to 190° until the weight of the 
1 whole is 1400 grams. When cool the product 
I is filtered and the resulting methylal wothiooya- 
j nate used as an antiseptic (Piot, hV Pat. 330988, 
I 1903). 

j Allyl mustard oil v. Mustaed oil and Essen- 

TIAL OILS. » 

Allyl nitrite CglfgNOj is obt^od by adding 
glycerol trim trite to ice-cold allyl alcohol and 
cautiously distilling off the allyl ester (Bertoni, 
Gazz. cliim. ital. 15, 364). It boils at 43-6°~ 
44*67 and has sp g?. 0-9646 at 0“. It is readily 
decomposed by shaking with water, and yields 
ethyl nitrite on treatment with ethyl alcohol. 

Allyl-phenyl-thiourea be 

prepared from aniline and mustard oil (Zinin, 
Annalen, 84, 318); or from ally lamine and phenyl 
mustard oil (Weilh, Ber. 8, 1629). It forms 
monoelinic crystals, molting at 98®, and is 
readily .soluble in ctlier, but not in water, 

Allyl pyrrol GJl^NGgllj is readily obtained 
by till'- uelioii of allyl bromide on potassium 
pyrrol in ether ((hamieian and Hennstedt, Bor. 
1882, 2581). It is a light-yellow oil, turning 
btown on exposure to air. It boils at 106®/48 mm. 
It is in.soluble in water, but dissolves m HCI, 
producing a rod colour. 

Allyl sulphate Gglig-HSO, is prepared by 
adding allyl alcohol (1 vol.) to sulphurio acid 
diluted with its own volume of water (1 vol), 
and leaving at ordinary temperatures for five 
days. Ruksequently the mixture is •heated to 
70* for 12 hours, diluted with water (10 vols.), 
and saturated with barium carbonate (Szyman- 
ski, Annalen, 230, 44 ; v. also Cahours and 
Hofmann, Annalcn, 102, 293). It forms cha- 
racteristic salts, a number of which are described 
by Szymanski (l.c.). * 

Allyl sulphide, oil of garlic^ (Ger. Kndblau- 
chtH) (C 3 H 5 ) 2 S, occurs in garlic {Allium sativum) 
and other plants. It is prepared from mustard 
oil and potassium sulphide at 100® (Werthcim, 
Annalen, 55, 297) ; or from allyl iodide and 
potas.sium sulphide (Hofmann and Cahours, 
Annalen, 102, 291 ). It is a liquid boiling at 138-6®, 
and has sp.gr. 0-88765 at 26-874°. It nas a very 
strong odour of garlic and is only slightly 
solublo in water. 

Allyl thlocarbamide, dUyl thiourea, thiosina- 

mtncyRAodaBm’ is produced 

by the prolonged action of aqueous ammonia 
on mustard oil (Dumas and Pelouze, Annalen, 
10, 326). It forms clear six-sided tables, which 
melt at 78-4®, after sintering at 71*. It is 
insoluble in benzene, sparingly soluble in 
water, and readily so in alcohol and ether. It 
combipes directly yith halogens, cyanogen, 
ethyl iodide, acids, &c. Deprived of its sulj^^ur 
by mercuric oxide, or lead oxide, it yields w»a- 
minc (allyl oyanamide) CjHj-NH'CDN. It has been 
used in susgery for the removal of soar tisliMk 
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beinig* injeoted^as a 10 or 15 p.c. solution in 
dilute, glycerol. 

Allyl trlbroillid6» * Tribromhydrin * C.HgBr,, 
WM obtained by Wurtz by treating allyl iodide , 
with bromine, and by Berthelot and Luoa by 
( the action of phosphorus tri- and pentabro- 
mides on glycerol. It is a slightly yellow liquid 
of sp.gr. 2-430 at 16*6®, and boils at 217®. It is 
a strong sedative and anodyne. 

AUyl urea 00<^g.Q^ crystallizes 

needles, melting' at 86® (Cahours and Hofmann, 
Annalen, 102, 299 ; Andreasch, Monatsh. 6, 36). 

J. A. P. 

ALMASC4. A soft grey resin soluble in 
chloroform, ether, and absolute alcohol. Pro- 
bably derived from the burseraceous Protvum 
heptaphylhim (March.) [Icicg. heplaphylla (Aubl.) | 
(Symes, Pharm. J. [3] 13, 213). 

ALMATEIN. Trade name for a condensa- 
tion product of hscmatoxylin and formaldehyde. 
Used as an antiseptic. 

ALMIRAO. Indian name for Launcea ptnna- 
(Cass.) Microrhynchus sanneniosm (HO) 
which belongs to the family Compo.sita' and is 
used at Goa as a substitute for taraxacum 
(Dymock, Pharm. J. [3] 6, 730). 

ALMOND. The kernel of the fruit of Prunus 
amygdalus or Amygdalus communts. 

Two principal varieties exist — the sweet and 
the bitter almond. Both contain amygdalin, 
but the latter is much richer in this substance 
(2 to 3 p.c.), and contains an enzyme, emulsiji, 
which, in the presence of water, decomposes the 
amygdalin. yielding glucose, benzaldehyde, and 
hydrocyanic acid 
C!«oH,TNOn+2H,0 

= CeH5CH0+HCN+20eHjj0, 
In addition, almonds •■’ontain about 60 p.c, of 
their weight of a fixed oil (mainly olein, and 
liable to become rancid) and smaller quantities 
of proteins, sugar, starch, gum, fibre, and ash. 

Analyses of almonds made at various stages 
of growth and ripening, show the percentage of 
amyloses, glucose, and saccharose to steadily 
diminish, whilst the proportion of oil incrfeases 
(Du Sablon, Oompt. rend. 1806, 123, 1084). 

According to Vallee (Compt. rend. 1903, 130, 
[2J 114), reducing sugars in the immature almond 
decrease as the fatty oil increases ; sucrose 
mcreases until oil - formation begins, then 
decreases during oil-production, and towarcb the 
end again increases. Kipe almonds contain 
about 3 p.c. of sucrose. According to Osborne 
and Campbell (J. Amer. Chem. Soc. 1896, 18, 
609), the protein in almonds is amandin and not 
conglutin or vitellin. H. I. 

AUtfOND OIL is obtained from the seeds 
of Prunus amygdalus (Stokes) [Amygdalus 
communis (Linn.)]. The almond tree appears to 
have been indigenous to Turkestan and Middle 
Asia, and has been transplanted from there to 
Grwoe, Italy, Spain, France, and to Northern 
Africa. The mean percentage composition of 

almond is given by Konig as follows : — 

4100 p.c. 
27-72 „ 
16-60 „ 
10*20 „ 
*2-81 „ 

100-00 


ifhtfr ; ; ; ; 

f Iktasaoted matter, free from nitrogen 
* Bfedefibre , . 


The oommeroial oil is ohiefiy expressed from 
bitter almonds, the seeds of Prunus amygdalus^ 
var. amara. Bitter almoAds contain, besides 
the oil, amygdalin and emulsin, which give 
rise to the formation of benzaldehyde, dextrose, 
and hydrocyanic acid. Hence the press-cakes 
from almonds find a profitable outlet in the 
manufacture of genuine ‘ ethereal bitter almond 
oil,’ which is prepared by triturating the meal 
with water. 

Sweet almonds (from Prunus amygdalus, 
var. dulcis) are but rarely used, alone for the 
preparation of almond oil. Mogador bitter 
almonds, which are chiefly used in this country 
for the manufacture of almona fcil, are always 
more or less mixed with sweet almonds. Sweet 
almonds yield from 44 to 66 p.c. of oil, bitter 
almonds yield less and may contain as low a 
poportion of oil as 20 p.c. On an average, 
however, bitter almonds yield from 38 to 46 p.c. 
of oU. 

The oil is pale yellow ; it has a very pleasant, 
mild taste, and is almost free from oaour. The 
specific gravity of the oil varies from 0*916 to 
0-9195 at 15°. The oil becomes turbid at —10°, 
and solidifies at —20°, has the saponification 
value of the majority of oils which are free from 
volatile acids, and an iodine value of 93-100.’- 
Farnsteiner (Zeiisch. Nahr. Genussm. 1899, 
2, 1) separated ImokV? totrabromide in a pro- 
portion corresponding with 6 ’97 p.c. of linolio acid, 
and it is pri^ablc that other specimens may 
contain up to about 10 p.c. of that acid. The 
other fatty acids consist mainly of oleic acid, 
With, at most, traces of saturated fatty acids. 

Almond oil is chiefly used in pharmaceutical 
practice. Owing to its high price it is largely 
adulterated with other oils of the Prunus 
family, chiefly with apricot kernel oil, from 
Prunus armeniaca (Linn,), and with peach kernel 
oil, from Prunus persica (Sieb. et Zuce.). These 
two oils are very similar to almond oil, but have 
a less plca.sant taste. They are used to such 
an extent as adulterants that frequently they 
j completely take the place of almond oil ; indeed 
‘ foreign ’ almond oil, or ‘ oil of sweet almonds, 
French ’ [Oleum amygdalarum gallicum), is 
' nothing else than a mixture of apricot kernel 
oil and peach kernel oil. Genuine almond oil 
is sold in commerce under the name ‘ almond oil, 
English.’ 

The close relationship in which apricot and 
peach kernel oils stand to almond oil, renders 
their detection in almond oil a difficult problem. 
They differ from almond oil in sometimes 
havmg a higher iodine value (96-108), and a 
higher critical temperature of solution {e.g. 
almond oil, 32°-33-6° ; apricot kernel oil, 
46°-47‘’ ; and peach-kernel oil, 41°). Of various 
colour reactions that of Bieber (Zeitsoh. anal. 
Chem. J878, 17, 264) is the best known. It 
depends on the different colourations given by 
the three oils when shaken with a mixture of 
strong Bulphurio and nitric acids and water. 
The ohromogenic substance in apricot kernel oil 
is not volatile with steam, and the test is capable 
of detecting 6 p.c. of that oil in almond oil 
(Ross and Race, Analyst, 1911, 36, 263). 

ALMONDS, BITTEB, Essential oilof{v, BsHS* 

ALDEHYDE ; aiSO OlLS, ESSENTIAL). 

ALOE. A genus ot sueculent plants, having 
stiff, pointed, fleshy leaves, beloagiag to m 
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Liliaoex* (Plants figured, and structure of 
leaves described, Pennetier, 660, 679.) Of the 
86 species 60 are natives of Cime Colony, and the 
other species are mainly sub-tropical African, 
though a few occur in the tropics ; a number of 
species have been, however, introduced into the 
West and East Indies. (For a list of the species 
and their distribution, v. Pharm. J. [3] 11, 
746.) 

The fibre is used for rope, &c. ; experiments 
made in Paris have shown it to be five times as 
strong as hemp. The fibre has also been used 
for paper-making (Nat. 20, 484). 

A1X)E-EM0DIN v. Rhubaeb. 

ALOE RESINS v. Aloks or Bitter aloes. 

ALOES or BITTER ALOES. (Aloh, Fr. ; 
Aloe, Ger. ; Ahe, B.P. ; U.S.P.). The inspis- 
sated juice or extract of the aloe. Slow con- 
centration induces crystallisation and gives an 
opaque product ‘ aloe hepatica.’ More com- 
plete ana rapid evaporation yields glassy ‘ aloe 
lucida,* which shows no crystals under the 
microscope. The principal varieties found in the 
market are : — 

1. Curasao (Barbados) Aloes (from A. chi- 

nenais. Baker, A. vera, L.), formerly produced in 
Barbados, but now almost exclusively m 
Curasao and other Dutch West Indian islands. 
It is usually opaque (‘ livery ’) and from orange 
to nearly black in colour.* • 

2. Cape Aloes (from A. ferox, Miller, and 
other South African species) is vitreous, breaking 
readily into transparent glassy, reddish, or pale- 
brown fragments. It is the chief variety used 
in Gernlany and adjoining countries ; in Britain 
mostly for veterinary purposes. 

3. Socotrine Aloes (from A. Perryi, Baker). 
It is generally imported in a moist pasty con- 
dition, and is of a dark reddish-brown colour. 
A variety of Socotrine Aloes from Zanzibar often 
closely resembles that from (Jurayao. Of these, 
Cura9ao Aloes is the only one contaimng 
appreciable quantities of {.sobarbaloin, and hence 
gives Klunge’s reaction characteristic for this 
substance (see below). With concentrated nitric 
acid Curasao aloes become at once deep red ; 
Socotrine becomes reddish- or yellowish-brown ; 
Cape aloes gradually green. The aqueous 
eoluhlon (1 p.c.) of all varieties shows a green 
fluorescence on adding 6 p.c. borax solution. 
Natal aloes is no longer an article f)f commerce ; 
Uganda aloes (imported from Mossel Bay) is a 
variety of Cape aloes produced by careful 
evaporation. 

Aloins. By extracting aloes with water the 
purgative prrociples, aloi ns, can be obtained. 
Shenstone (Pharm. J. [3] 13, 401 ; Chem. Soc. 
Trans. 44, 480) divide%ilum into two classes ; 
1. Naialoins, which only yield picric and oxalic 
adds with nitric acid, and which are not 
reddened by it, even on heating (FMickiger, 
Arch. Pharm. [2] 149, 11 ; Tilden, Chem. Soc. 
Trans. 26, 163). 2. Barbahins, which yield 
aloetic acid Ci4H4(N0|)40|, clirysammic acid 
0i4H,(N0t)4(0H)20a, picric and oxalic acids, 
ana are reddexied by nitric acid. a-Barboloins, 
from Barbados aloes reddened in the cold by 
strong nitric acid (Tilden, Pharm. J. [3] 2, 845 ; 
C8iem. Soc. Trans. 26, 488). $-BarbcUoms, from 
Socotrine, Zanzibar, and Jafferabad aloes, 
eoloured only on heating with ordinary, and in 
tlvs eold irith fuming, nitric acid (Fliacl^er, f.c. ; 


Tilden, €hem. Soo. Trans. 28, 1270; Pharm. 
J. [3] 4, 208). 

Alo'in, official in the B.P. and U.S.P., 
and obtained chiefly from Curagao aloes, is a 
yellow crystalline powder consisting of a mixture 
of barhaio'in and tsobarbaloiin, whi^ substances,^ 
according to L^ger (Compe. rend. 1911, 163, 
114), are isomeric, having an arabinose group 
in positions 1 and 8 respectively. I/ger (J. 
Pharm. Chim. 1907, [vi.] 26, 476, 613) further 
considers that all the above-mentioned varieties 
of aloes yield barbaloin with’ the exception of 
the Natal variety, which gives a separate sub- 
stance, nataloin. The amopat of aloln in 
Cura9ao aloes has been variously estimated as 
from 10 to 30 p.c. In addition, there is present 
an amorphous aloin {$-barbaldin), which is 
apparently slorooisomeric with crystalline 
barbaloin, and is formed from the latter by 
heating for three hours to 100°- 166°, and partly 
by acetylation (Lcger, Compt. rend. 1914, 168, 
1903). Cape aloes contain 6-6 p.c. of crystaUine 
barbaloin and about three times the amount of 
j8- barbaloin (Li'ger, Compt. rend. 1907, 146, 
1179). 

Tschirch and Pedersen (Arch. Pharm. 236, 
200) found in-Iiarbados aloes 12‘26 p.c. barbaloin, 
12*66 p.c. resm, 1*75 p.c. ash, 10*6 p.c. amorohous 
constituents soluble m water, and 0*16 ^c. 
ahe emodin (which is a fission product of barba- 
loin, see below ; its constitution and properties 
are givtm under Rhubarb). The resin is the 
cinnaraate of aloerosinotaimol C2aH2404(0H)a(?). 
According to Tutin and Naunton (Pharm. J. 
1914, [iv.J 37, 836) the proportion of aloe emodin 
is much larger. 

Barbaloin may be readily prepared by 
extracting aloes with two parts of water at 
90°-95° ; the crystal^ which sopwate on 
standing for some days, are recrystaMised from 
water, and finally from alcohol. It forms 
small yellow prismatic needles containing water 
of crystallisation, and when anhydrous, melting 
at about 147°. 

Barbaloin has formsd the subject of numerous 
investigations. For a4ong time its formula was 
considered to be CjaHi^Oy (Tilden, Trans. 
1872, 25, 204; 1875, 28, 1270; Schmidt, 

Bcr. 1875, 8, 1275), or CigHjsO; (Groenewold, 
Arch. Pharm. 1890, 228, 115; LCger, Compt. 
rend. 1897, 125, 185) Asohan (Arch. Pharm. 
1903, 241, 341) and Jowett and Potter (Chem. 
Soc. Trans. 1906, 87, 878) confirmed one or 
other of these formulse by molecular weight 
determinations, as well as by analysis. Against 
this mass of evidence we must, however, place 
Leger’s observation (Compt. rend. 1002, 134, 
nil, 1684), that by the action of sodium 
peroxide on barbaloin, there are formed formic 
acid, * aloe-mocZiw CjsHjoO 5 (see Rhubarb), 
ond an aldopentose CjHioOs. He accordingly 
rhanged the formula to CjiHaoOj. Later he 
showed ((Jompt. rend. 1910, 160, 983, 1096; 
1912, 165, 172) that alcoholic hydrogen chloride 
also produces aloe-emodin and the sugar, which 
was confirmed by Oesterle and Riat (Schweiz. 
Woch. Chem. Pharm. 1909, 717). Finally, 
L6ger identified the •sugar with certainty M 
d-ardbinoae ; he eonsideis that in barbalcftn it 
is attaohea to the aloe-emodin in position 1, iad 
in Mobarbsioin in position 8 of the aQth||| 
quinone; ^ sugar is, moreover, attached by 
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one of its hydroxyl grouM and not by the | 
aldehyde group as in other ^ucosides. 

Seel and Kelber (Ber. 1916, 49, 2364) have 
confirmed L/'ger’s formula by molecular weight j 
determinations (c/. also Seel, Kelber, and Scharf, 
Ber. 1917, 50, 759). 

The only way of reconciling Loger’s results 
with the Cl# formula would be to regard barba- 
loin os a reduced anthraquinono derivative, 
which breaks down by two simultaneous but 
independent reactions to aloe ornodin and d- 
arabinose ; but it is preferable to attributi', the 
earlier analytical results to the diftleulty of 
purifying the substance. 

Barbaloint* after several crystallisations from 
alcohol, does not show a sharp melting-point 
(146'’-150°), [all,- 10*4^^10 ethylacclate (Leger). 
— 8‘3“ in 90 p.c. alcohol (Jowett and rotter). 

Aloe-emodin Cn,Hii,Or,, in.p. 224", is an j 
alcohol, a hydroxymethyl dihydroxyanthra- 
quinone (for constitutKJii and relationship.^ 'irr 
under Rhubarh). (Jn oxidation with chromic 
acid barbaloin gives a mixture of aloe-emodin 
and the corresponding acid, rhein (Oestcrle and 
Babel, Schweiz. Woch. ('hem. rharm. 1994, 42, 
329), which mixture was named by Til den , 
(Chem. Soc. Trans. 1879, 32, 204, 9(53) aloexan- | 
thin. 

Isaharbalotn occurs, according to Leger, in 
Barbados aloes to the extent of 0‘5 p.c. ; it 
gives the same hydrolytic products as barbaloin, 
and the two are theioforo regarded by L<-ger as 
stereoisomerio (Conipt. rend. 1910, 150, 1095) 
It gives Klunge’s reaction {see above), and i.s 
not present in Socotrine and Capo aloes. 

Nitric acid (1) 1’2 at 100' ) oxidises both 
barbaloin and isobarbaloin to tetramtroaloe- 
emodin OnHo06(N02)4 (Leger, Compt. rend. 
1910, 161, 1128; li^l, 153, 114), which by 
boiling tfcitrio acid (L 1’32) is converted into 
chrysammio acid 0,4H3()2(Oll)a(NOi)2- In the 
mother-liquor of the tetranitroaloo-emodiii Legei 
found 2:4; G-trmitro-3 hydroxy benzoic acid, 
which by loss of carbon dioxide yields piciic 
acid. In addition to picric and chrysammic acids 
the older observers obtained aloetio acid by 
iho action of nitric acid on aloiu ; Ocstorle and 
Riat (Schweiz. Woch. Clicm. Phariu. 1900, 44, 
509) consider alootic acid to be trinitroaloo- 
jmodin. 

Natal aloes contains about 14 p.c. of nataloiu, 
on.p. 203°, crystallised from boiling ethyl or 
nethyl alcohol. Among tJie various formuhe 
issigned to this substance probably the best 
38te£blished is that of Li'ger (J, Pharm. CInm. 
1903, [vii.] 17, 13), (^osHae^iOf who regards it as 
bhe methyl ether of fwmomialoin 
sdso present in the drug. The latter, and 
robaoly also the former, of these aloins, like 
arbaloin, yield d-arabinose on hydrolysis 
'Leger, Compt. rend. 1912, 166, 172), which is 
a.pparently less stabiy attached than in barba- 
loin to a tnhyciroxymethylanthraquinone, 
m^ahetnodin, orange-red needles, m.p, 220°, and 
Lie methyl ether. 

NcU^einodin methylelhcr^ pale orange-yellow 
needles, mup. 238°, is formed by the oxidation ot 
nataloin with sodium peitixide (Leger, J. Pharm. 
(ittiim. 1903, [vii.] 17, U, 62). Nat^loin difiers 
from barbaloin in its resistance to alkalis, and 
in not yielding ohiysammio aoid or aloexanthin 
on ozioation with nitric aoid, bpt only piorio 


and oxalic acids (Shenstone, Chem. Soo. Trans. 
44, 480) ; further, in not giving Klimge’s and 
Borntraeger's reactions (aeemelow). Both nata- 
loin and its lower homologue give a green 
colouration with concentrated sulphuric acid and 
manganese dioxide or potassium dichromate, 
and a violet colouration in sodium hydroxide 
solution with ammonium persuljihate (Leger). 
For a general review of the more recent work 
on the chemistry of tho aloins, see Leger, Ann. 
CInm. 1910, [ix.] 0, 318-381. 

The resin from Natal aloes yields on hydro- 
lysis p-eoumaric acid and natalorosinotannol 
C23lI,,0,(CH).3(?). 

Sicalom is a crystalline subsi4iice from aloes 
of Aloe vuhjaris, native in Sicily. Condb- 
Vissiccliio has given it the formula C15H30O7, 
and finds it to contain one methoxy group ; it 
docs not fluoresce with borax, and does not 
give Borntraegcr’s reaction (below). 

The aloins from Curai.ao, Cape Hoootra, 
Uganda, and Jallerabad aloes are probably 
identical with barbaloin. Zanalum from Zanzi- 
bar aloes appears to be different (Lf'ger, J. 
Pharm. 25, [vi,] 513 ; Tschirch and Hottbauer, 
Arch. Pharm. il3, 399). Tho latter cliomists 
show that Barbados aloes contain but Iittlo 
tsoaloin, Jallerabad none, whilst that fronr 
Curasao contams a considerable proportion. 

Uses. — ^3iief]y iiwtmedicme and as a hop- 
substilutc. In doses of 01-0'3 gram aloin 
causes purgation in 8-20 hours, given by the 
mouth or hypodermically. In tho latter ease, 
it is excreted in the largo intestine, whore it 
piobably is first oxidised to an active substance. 
Tlie oxidation is hastened by iron salts, whence 
the use of Ihliila Aloes et Ferri. Aloes is the 
basis of most ‘ patent ’ pills. 

Various proposals have been made for con- 
verting aloin into (insoluble and) tasteless com- 
pounds, c g. by condensation with formaldehyde 
111 dilute suJpburio acid solution (‘ formaloin ’ of 
E. Merek), with carbonyl chloride or ethyl 
clilorocarbonate in pyridine solution (Gcr. Pat. 
220191), or with a mixture of formic and aootio 
acids by means of zinc chloride (Gor. Pat. 
233320). 

Properties wid Heactioiis . — Pure aloes is 
soluble in ether and almost completely soluble 
in water, tho solution being coloured dark- brown 
by alkalis, black by ferric chloride, and grey by 
lead acetate (Fliickiger). By adding a solution 
of copper sulphate or chloride to a solution of 
aloes, an intense yellow -coloured solution is 
obtained, which, warmed with potassium 
bromide or chloride, turns to a deep-red and 
reddish- violet tint (Klunge, Ber. 16, 691 ; Arch. 
Pharm. 1883, 363). T^is reaction is due to iso- 
barbaloin, fof barbaloin, rocrystallised several 
times from methyl alcohol, does not give the 
test (linger, Compt. rend. 131, 55). Borntraeger 
(Zoitsch. anal. (5hom. 19, 166 ; Ber. 13, 1040) 
extracts with twice the volume of benzene, and 
adds to the clear extract a drop of ammonia, 
when, on warming and shaking, the solution 
becomes violet-red ; to test for aloes in elixirs, 
liqueurs, &c,, the alcohol is first evaporated. 
This is a general reaction for hydroxymethyl 
anthraquinones. Lenz (Zeitsch. anal. Chem. 21, 
220 ) extracts with amyl alcohol, evaporates 
the extract, treats with nitric acid, and then 
with potassium cyanide and hydroxide, when a 
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blood>red colouration is obtained. Cripps and 
Dymond (Pharm. J. [3] 16, (333) test for aloin 
by dissolving 1 grain in 16 drops of strong sul- 
phuric acid, then adding 4 drops of nitric acid 
( I -42) and 1 ounce of water, when a deep orange 
or crimson colour is produced, deepened by 
ammonia ; substances containing ehrysophanic 
acid behave in a similar manner, but Wieir 
aqueous solution torus pink upon the addition 
of ammonia. Aselian (Arch, rharni. 241, 340) 
gives in tabular form a comparison of the 
reactions of the chief varieties ut .does. Tlic 
behaviour towards nitric acid and tluoresccnco 
witii borax are mentioned above. 

Curavao ^oes should bo almost entiicly 
soluble m 00 p.c. alcohol, and contain not more 
than 3 p.c. of ash, 12 p.c. of moisture, and 
30 p.c. of substances insoluble m cold water 
Cape aloes should dissolve almost completely 
m 12 parts of boiling water, and coniplctelv m 
6 parts of warm 90 [i.c, alcohol. The moisture 
should not exceed 5 p.c., the ash 15 p.c. At j 
least 60 p.c. is soluble in cold water. According : 
to the U.S.P. the ash of aloes docs not exceed ! 

4 p.c. 

A process tor the estimation of alum in 
aloes has been described by Schaefer (J. Pharm. 
[vi.] 6, 296), and loi the uon-resinous consli- 
tuents by Tschircli and Ilollbaner (Arch. 
Pharm. 1905, 243, 399). •The latte# pioccss has 
been modified and used by van Itallio (Pharm 
Weekblad, 1905, 42, 553) for the evaluation of 
aloes, but in the nature of things these processes 
are nut very accurate. Cl- B- 

ALOES, ESSENTIAL OIL OF. A pale-yellow 
mobile liquid to which the odour of aloes is due. 
Sp.gr. 0-863, boils at 266“-271^ It exists in 
small quantities in aloes, and whcui jmie has the 
taste and odour of peppermint (Pharm. J. 
[3] 10, 613). 

ALOES WOOD. A name applied to the wood 
of Aquillana Agallocha (lloxb.), a Icgummous 
tree of Cochin China, and to that of A. inalac- 
censis (Lam.) of tropical Asia. Both arc highly 
fragrant and aromatic ; used m fumigations 
and pastilles, and occasionally by cabinet- 
makers and inlayers. 

The same name is appUed to tlie resin. Of 
all perfumes this is said to be the most esteemed 
by Orientals. 

ALOIN V . Gltjcosidus. 

ALOO BOKHARA, ALPOGADA, PAZHAM. 
The Bokhara plum {Frunm insUitia (T.inn.) \F. 
hokharieiiSuX largely imported into Bombay. 
Used aa a laxative. The root is astringent ; the 
gum is used as a substitute for gum arabic uurler 
the name of Persian gum (Dymock, Pharm. J. 
[3] 9, 146). • 

ALOUCHl RESIN v. Aluchi resin, art. Resin. 

ALPHOGEN (Alphozone). Trade names for 
Buccinyl peroxide. • 

ALPHOL V . Synthetic drugs. 

ALPINIA OFFICINARUM v. Galanoa hoot. 

ALPINIA OIL. An esseniial oil obtained j 
from the leaves of Alpima malaccenus ; sp.gr. ] 
1*02 at 26°, lot. power +6-6''. Consists mainly I 
of methyl ciunamate, together with d-pinene 
(Van Romburgh, Proc. K. Acad. Wetensch. 
Ameterdam, 1900, 3, 451). 

^PININ V , Galanga root. 

ALPOGADA V , Aloo Bokhara. 

ALGUIlTONi Black lea4 oie or Potters* ore. 
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A native lead sulphide, used by potters to glaze 
coarse ware. 

ALSOL V . Synthetic drugs. 

ALSTONIA BARK. The dried bark of 

Alstonia scholaris (R. Br) and A. constricia 
(F. MuelL), an apocynacoous tree growing in 
Australia. It has a bitter taste, slkntly 
camphorous odour, contains a neutral bitter 
principle (similar tocailcedrin and^ r lucufnin), 
a volatile oil smelling like camphor, an iron- 
greening tannin, resin, fat, wax, a protein-like 
substance, oxalic and citric acids (Palm, J. 
1863, 616). 

Muller and Biimmel (CTiem. Soc. Trans. 36, 
31) obtained a yellow substance^to which they 
gave the name a/.s/ouDie. Oberlhi and Sohlag- 
denhaulTen (Pliarm. J. [3] 10, 1069 ; Chem. 
Moc. Abstr. 38, li7) showed that this body 
consisted of two compounds, alstoninc and 
alstonicine, the former being soluble in acids 
with fluorescence, the latter without. 

Hesse subsequently (Ber. 14, 264 ; Annalen, 
205, 360) isolated : 

Alsloniiic (chlorogenine) C 2 oHatN 304 , a brown 
amorphous mass, a strong base, soluble in cliloro- 
torin, alcohol, and sparingly soluble in ether, 
and melting _when anhydrous at 196° (uncorr.). 

Porpkyrim (.'.iHaBNsOa, a white powder 
molting at 97° (uncorr.), soluble in alcohol, chlo- 
roform, ether, and acids, with blue fluorescence. 

Forpli iftosinc, soluble in acetic acid, forming 
a pink solution. 

Ahtonidina, colourless needles, molting at 
181° (uncorr.), soluble in chloroform, ether, 
alcohol, and acetone. 

Hesse, however, could not find a trace of 
quinine (Ber. 11, 1646, 1763). 

ALSTONIA SPECTABILIS. PocUhark. Con- 
tains aUlonaimne (HcsiJb, Ber. 11, 1648), and 
tlio alkaloids of tlita bark. It contains six 
tunes as much echitammonium hydroxide as 
dita bark (Hesse, Annalen, 203, 144). 

Its physiological action is like that of curare. 

ALSTONINE. One of a series of ill-defined 
alkaloids occurring in Alslonia spp. (Hesse, 
Annalen, 1880, 203, M7 ; 205, 360), including 
alstonarninc, aldontdine, ditaine, ditamine, &c. 

ALSTONITE. A rare mineral consisting ot 
barium and calcium carbonate (Ba,Ca)C 03 , 
crystallising in the orthorhoiubio system. The 
small crystals have tlie form of acute six-sided 
pyramids, and consist of complex twin inter- 
growths. Found, associated with withorite, in 
1834 in a lead- and zinc-mine near Alston in 
Cumberland, and at Fallowfield in Northumber- 
land ; and in 1909 in a coal-mine near Durham, 
This species is often, but inoorrectly, calleij 
bromlite (cf. Barytocaloite). L. J. S. 

aLtHEIN. See Anthocyonins. The tern 

AlthSn is used also as syn. for Asparagin. 

ALTI. Indian name for a root used at Goi 
us a substitute for Althaa (Dymock, Pharm. J 

[3J 8, 101). , ; 

ALUDEL. The aludels of the parher chemist 
were pear-shaped pots generally made of earthen 
ware, b d sometimes of glass, open at both ende 
Each aludel had a short neck at the top am 
bottom, -so that a sefies of them could be fitte 
together by means of. the necks. The earthen 
ware pear-shaped vessels in which the meroutifl 
vapours condensed at Almaden in Spain^iH 
also known .08 aludels. 
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AlUMv. Alttminutm. 

ALUMIMATES v. Aluminium. 

ALUMINIUM. Sym. Al. At. wt. 27*1. 

Occurrence . — Aluminium is the most widely 
distributed element in nature with the exception 
of oxygen and silicon. It is not found in the 
metallic state. ® 

As oxide, AlgOg, aluminium is found in co- 
rundum, or, coloured by metallic oxides, in 
sapphire, ruhy, emery, &c. The hydrated 
oxide AlgOgjHjO occurs as diaspore, and, to- 
gether with ferric oxide, silica, &c., as the 
important mineral bauxite. 

Aluminium occurs in combination with 
oxygen and 'metals as alumin<ite,H, in spinel 
AljjOa'MgO, chryscberyl AljOafieCb gahnite 
AljOa'ZnO. As hydrated sulphate it is found in 
aluminite or wehstcritc AlaG'aSOajOHalh and as 
alunogen Al./) 3 (S()a) 3 , 18 H 20 ; as the double 
sulphate of aluminium, potassium, and sodium 
in alumstone or aluniie ; and, as an efflorescence 
on aluminous minerals in the form of the alums 


with the necessary apparatus for experiments 
, on the large scale. Afterwards his process was 
removed to Nanterre and finally to Salindrea. 
I A description of his method is given in Ann. 
Chem. Phys. [3] 43, 6-36, and specimens of the 
metal produced wore shown at the Paris Exhibi- 
tion 01 1865. 

Shortly after the publication of these results, 
Messrs. Dick and Smith, under the direction of 
I)r. Percy, prepared aluminium by the action of 
sodium on the then newly discovered mineral 
cryolite, some of the product being shown by 
Faraday at the Royal Institution in March, 1855 
(Phil. Mag. 10, 365). 

About six months subsequently. Rose, inde- 
pendently, prepared it in the same manner, and 
published his results in an extended article in 
P. 96, 152 (Phil. Mag. 10, 233). 

Uoville af once turned his attention to this 
process (Ann. Chim. Phys. [3] 46, 461) ; but on 
account of the impurity of the metal produced, 
he preferred the double chloride of aluminium 


of potassium, sodium, ammonium, &c. ! 

Aluminium occurs principally, however, as i 
silicate in the various clays ; as silicate contain- 
ing silicon fluoride in the topaz ; and, as double 
silicate, with iron, magnesia, lime, &c., in 
garnets ; with potassium, sodium, magnesium, 
and calcium in immense quantities in the 
varieties of feUpar. 

As double fluoride of aluminium and sodium 
it is found in cryolite AljF^fflNaF ; as hydrated 
phosphate in the turquoise and in waveUite, and 
as borate in a crystalline mineral occurring in 
Siberia. 

Although present in such quantities in the 
soil, aluminium is not usually considered a 
constituent of the ash of plants except of cryp- 
togams; Yoshida, hoi^ever (Chem. Soc. Trans. 
1887, 748)5 has found it in a number of phanero- 
gams in Japan. 

History . — The name of this metal is derived 
from alumen, a term applied by the Romans to 
all bodies of an astringent taste. Pott, in 1746, 
stated that the basis of alum is an argillac(‘ous 
earth ; and in 1764 Marggraf pointed out the 
distinction between alumina and lime, and its 
presence in combination with silica in clay. 

Davy, in 1807, having isolated the alkali 
metals by electricity, endeavoured, unsucoess- 
ftlflly, to reduce alumina in the same manner. 

Oersted, in 1824, prepared aluminium chloride 
by passing chlorine over a mixture of alumina 
and carbon heated to redness. He appears to 
have reduced the chloride to the metaUic condi- 
tion by heating with potassium amalgam : 
(Berzelius, Jahresb. 1827, [ 6 ] 118). The amalgam 
produced oxidised rapidly in the air, and left, on 
■volatilising the potassium, a tin- white metal. 

Wohler, in 1827 (Annalen, 1828, 37, 66 ), 
having failed to procure the metal by Oersted’s 
Ineth^, obtained it by the decomposition of the 
anhydrous chloride with potassium, as a grey 
powder, which became brilliant under the 
burnisher. 

« Bunseu and Deville, in 1854, independently, 
obtained the metal by electrolysis of the fused 
^Moride. Deville, m the Same year, much Sim- 
tidied the manufacture by substituting sodium 
Ictf tb* tiftore expensive potassium. In 1854 
hpKWas^ knrtalled m the manufactoi^y of Javel 
' ^ me Emperor Napoleon 111., and supplied 


and sodium, using cryolite as a flux only. 

The first manufactory in JOngland was started 
at BatLorsca, London, in 1859, by F. W. Gerhard. 
Some of his metal was shown at the Society of 
Arts Exhibition in 1860. Messrs. Bell, of New- , 
castle, also prepared aluminium and aluminium 
bronze in 1863, using Netto’s process. A mixture 
of 200 lbs. •if cryolitl) and an equal weight of 
common salt was brought to fusion, and 40 lbs. 
of sodium gradually added. The charge thus 
contained only 5 p.c. of aluminium, but less than 
half of this was obtained in the yield. 

The manufacture ceased in 1874. In 
Grabau’a process (J. Soc. Chem. Ind. 1891, 
433) aluminium fluoride was subjected to the 
action of metallic sodium. Other modifica- 
tions were proposed from time to time, but 
the production of aluminium made no notable 
advance. Weldon, in 1883, summed up the 
position of the industry in the statement that 
‘ the only method known for the manufacture 
of aluminium is Deville’s. M. Pechiney has 
improved and cheapened the modes of working, 
and the appliances lor carrying that method into 
effect, but this is all the progress which has been 
made in the manufacture of aluminium during 
the last five and twenty years.’ 

When the great stability of the available 
compounds containing aluminium is considered, 
it is not to be wondered at that the many attempts 
that have been made to prepare the metal by the 
action of the usual reducing agents, suoh as 
carbon, hydrogen, or hydrocarbons, have met 
with so little success. The heat of formation 
of these compounds is an index to their stability, 
and may be taken as ai measure of the energy 
requisite for the isolation of the aluminium. 
The operation is not likely to succeed unless 
the eleifients which become separated from tbe 
aluminium enter into new oombinations of still 
greater stability. The nature of the ohanges 
that might be expected to take place may be 
expressed in the following equations 
2 AI 2 O 8 -f 30 « 4A1 + SCO, 

or A 1,03 + 3C « 2Al-f3CO 
A1,0, + 6 H « 2A1 + 3HoO 
AI 2 O 3 + 6 Na « 2A1 + 3Na,0 
A1,C1, -f 6 H » 2A1 -f 6HC1 
AI 2 CI 3 + 6 Na « 2A1 + 6 Nadl 
A1,F, + 6 Na « 2Al-fflNaF. 
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1b order that there maj be a likelihood of 
these reactions occurring, the heat arising from 
the formation of thi compounds on the right 
hand should exceed the heat concerned in the 
decomposition of the aluminium compounds on 
the left. The following table will show how far 
this is the case ; — 



Caloriefl 


For amount 
equivalent 
to2Al 

AlgO, 

391,600 

• 

ICO, 

3CO 

3H,0 

SNaaO 

146,500 

86,400 

174,900 

302,700 

Al,Cle 

323,600 

6HC1 

ONaCl 

132,000 

687,400 

AljF, 

658,000 

6NaF 

604,200 

% 


It will be seen that only the la.st two reactions 
will be at all likely to take place, and these heat 
values indicate that sodium is a much more 
favourable reagent than carbon or hydrogen, 
and that the highest excess of heat evolved over 
that absorbed occurs in the ease of the aluminium 
chloride in presence of sodium. 

The following analyses, taken from Hoff- 
mann *s Ber. Entwick. Chora. Ind. (1) 603, show 
the composition of commercial aluminium as 
produced under Devillc’s^rocess 


Moissan has shown (Compt. rend. 121, 851) 
that it contained also from 0*1 to 0*5 p.o. of 
sodium ; 0’3 to 0*4 p.c. of carbon ana other 
impurities. These imparities would have a verv 
considerable effect on tho properties of the metal, 
and statements based on observatioiw with 
such metal, or even metal ^ow being made, 
must be accepted with due regard to these 
impurities. 

The production even in 1886 was small and 
did not exceed 2i tons at Salindres and 2 ^ cwt. 
m the United States. 

According to Mallet, pure aluminium may 
I be prepared by tho methdd adopted by him 
in hi8 determination of tho atoliio weight of 
that element (Fhil. Trans. 171, 1018). Ordinary 
commercial aluminium is converted into bromide 
by the direct actioy of bromine. On account 
of the violence of the action, the metal should 
bo immersed only for a short time, at intervals, 
until dissolved, or should bo added in very 
small pieces. The bromide so produced is freed 
from bromine by distillation and fractionally 
distilled, that portion boiling uniformly at 
263-3® being reserved. This portion is colour- 
less, entirely soluble in water, and consists of 
the pure bromide. 

It is heated with sodium (which has been 
carefully freed from oil and well scraped) in a 
crucible made of a mixture of pure alumina and 
sodium aluminato. The amount of sodium 
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2 

8 

4 

5 

6 

7 


d 1 

10 

Locality 

Paris 

Paris 

Berlin 

Paris 

Paris 

Paris 

Bonn 

Nanterre (Morin) | 

Analyst 

Salv^tat 

Salvfitat 

Mullet 

- 

Dumas 

Dumas 

Kraut 

Kraut 

Kraut jSauerwelnj 

Aluminium . 

88-35 

92-97 

90-25 

92-60 

92-5 

96-16 

94-7 




97*2 

Silicon . 

2-87 

2-15 

0-45 

0-46 

0-7 

0-47 

3-7 

*0-04 

0-12 

0-25 

Iron . . 

2-40 

4-88 

3-29 

7-55 

C-8 

3-37 

1-6 

1-62 

2-20 • 

2-40 

Copper . 

6-38 


— 

— 

— 

— 

— 

— 

— 

— 

Le^d . . 

trace 

— 

— 

— 

— 

— 

— 

— 

— 

trace 

Sodium . 

— 

trace 

trace 

- 








used shomd not be sufficient to reduce the cheaply, led to the esiablishraent of the Ain- 
whole of the bromide, or the alummium is minium Company’s works at Oldbury, and 
liable to contain sodium. The globules of effected some reduction in the price of aiu- 
metal are fused together before tho blowpipe ramium. Meanwhile Messrs. Cowles (Patents 
on a bed of alumina, immersed for a short time Aug. 18, 1885, and Jan. 26, 1886) brought 
in hydrochloric acid, washed and dried. Pure electrical heating into operation, and, though 
aluminium might also be produced by the elec- their process was not adapted to the production 
trolysis of the pure bromide or chloride. of aluminium, it was capable of furnishing allovs 

The purification from metallic impurities on of aluminium with copper and other metals, 
the large scale involves many diflBcuItios. The These could be made at one-tenth the price 
only method of obtaining satisfactory metal is which had ruled for aluminium, and the valuable 
to ensure as high a state of purity as possible properties of aluminium bronze, Hercules metal, 
in the first instance by ^making use of selected and other alloys were soon recognised. More- 
materials and avoiding contamination in the over, the discovery of the effect of the addition 
process of manufacture. i of minute amounts of aluminium to iron and 

By the establishment of Heville’s f)rooe8B ^ steel gave a further stimulus to the production 
the price of aluminium had been brought dovra of aluminium. C. W. Siemens had already 
from 181. per lb. to 11., at which it stood till described an electric furnace (1881) capable of 
1887. giving very high temperatures, and the typo of 

The double ohloride of sodium and aluminium furnace patented by Messrs Cowles Bros, was 
used oontained only 14 p.c. of aluminium, and based on similar lines. 

the working; of large charges with a small yield i The furnace is a rectangular box, one foot 
together with the mgh cost of sodium and fuel wide, five feet long, a#d fifteen inches deep, all 
stood in toe way of any prospect of reduction inside measures. Two carbon electrodes pass 
in toe price of the metal. tlurough pifies in the ends ; they are three inches 

The introduction of Castner’s process, by i in diameter and thirty inches long ; this 
which sodium could be produced much more ■ could not Ifc exceeded, as larger carbons d^ 
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intonated under the intense heat. For a non* 
conauoting furnace lining, fine particles of 
charcoal are washed in lime-water, exposed to 
the air and dried. They thus become coated 
with lime and are of good insulating power. 
At the high temperature produced, ordinary 
charcoal becomes converted into graphite and 
forms a good conductor. The two electrodes 
being within a few inches of one another, the 
charge of twenty-five parts of corundum, twelve 
parts of carbon, and fifty parts of granulated 
copper is placed around and between them, 
covered with small lumps of charcoal, and the 
whole covered with &n iron top lined with fire- 
brick. The current from a powerful dynamo is 
then passed, and the electrodes moved if 
necessary to produce the requisite resistance. 
In about ton minutes, the copper having melted 
between the electrodes, the distance between 
them is increased while the current is raised to 
300 amperes of fifty volts E.M.F. and tlie 
yield 1 lb. per E.P.H. hour. As the resistance is 
increased, the temperature rises, the alumina 
is reduced to the metallic condition and 
alloys with the copper, while its oxygen forms 
carbon monoxide and burns at the openings 
in the cover with a white llamd. After 
about five hours the operation is completed 
The alloy produced is brittle, consisting of 
copper and 15 p.c, or iipAvards of aluminium. 
When boron or silicon oxides have been added, 
the bronzes produced contain these elements. 
It is melted, cast into ingots, the percentage of 
aluminium determined, and sufficient copper 
added to produce ‘ aluminium bronze,* or the 
required alloy. 

When other metals, such as iron, nickel, 
silver, &c., are substituted for copper, corre- 
sponding alloys are produced. 

The slfl^ produced is hard and compact, but 
soon falls to a fine alkaline ponder ; it contains 
alumina, calcium aluminate, with traces of 
copper, silicon, &c. 

Pure aluminium cannot be produced satis- 
factorily by this method, as it remains, to a great 
extent, mingled with the carbon. 

See further, W. P. Thompson (J. Soe. Chem. 
Ind. 1886, 206) ; Mabory (Amer. J. Sci. 308, 
and Amer. Chem. J. 1887, 11). 


aluminium chloride 2*32 volte, for aluminiun 
fluoride 4*00 volts, for aluminium sulphide O'fl 
volt. 

A suitable solvent is found in native cryolite 
SNaF'AIFs, which may be brought to fusion 
below 1000°, and will dissolve 16 to 20 p.c. of 
its weight of alumina, and in this condition, 
also owing to high temperature, the voltage is 
lower — in the case of alumina about 2*3 volts. 

In the year 1880 the HeToult process was 
patented and soon came into use at Neuhausen, 
and at the Socidte Electrom('‘taIlurgique at 
Froges, near Grenoble. In this process the 
anodes consisted of carbon and the cathode 
was the carbon lining of the fnmaci;, the distance 
between the anode and cathode being capable 
of adjustment by raising or lowering the anode. 
The cryolite was first melted in the bath by 
utilising the Aieat generated by the resistance 
to the electrics current, and then alumina was 
added, and the additions continued from time 
to time as the bath became exhausted. The 
metallic aluminium settled at the bottom of the 
bath in the neighbourhood of the cathode, and 
was tapped every 24 hours. 

The purity of the metal at first was 97-90 
p.c. There were at disposal SCO kilowatts at 
J<>oge8. and jnsl, over 1000 kilowatts at New- 
hausen (J. Soc. Chem. Ind. 1802, 010) ; the ^ 
yield usual^ obtaincil was about li^ lbs, of 
aluminium per kilowatt-day, an eflScienoy of less 
than 26 p.c. To-day 36 p.c. eflBciency is 
reached. 

The Hall process, brought out in the United 
States about the same time, only differed from 
HeroulFs in matters of detail, the anodes being 
rods of carbon 3 inches in diameter, or of larger 
dimensions in sections banded together, the 
electrolyte being alumina dissolved in mixed 
fluorides of calcium and aluminium or AlFn'NaF. 

Minet {Compt. rend. 112, 231) used a bath 
composed of 62-6 p.c. of common salt and 37 -S 
p.c. of cryolite, but his metal seems to have 
contained 2 to 3 p.c. of impurity, which was 
chiefly silicon, owing largely to the impurity of 
the alumina used by him. Aluminium so pre- 
pared was liable to contain sodium, owing to 
' the fact that the voltage necessary for the 
decomposition of aluminium fluoride differed so 


The Electrical Process . — A new principle was, 
hojrever, introduced into metallurgy, and the 
application of electricity for purposes of heating 
ana reduction of metals has made rapid pro- 
cresft in recent years. Its full development 
E®6[*tiot, however, been reached in the pro- 
cess just described. It had been shown tLit, 
though the fusion of a substance like alumina 
could not ‘be economically effected owing to its 
high resistance, the addition of copper and other 
metals enabled the furnace charge to conduct 
the current. If a suitable solvent could be 
found for alumina then the electrolytic action 
of the current could be brought into play. 
When this was accomplished the chemical 
method of decomposition would give place to 
the electrolytic method, and the isolation of 
aluminium become a question of a sufficient 
current at the necessary wltage. This voltage 
can podily be calculated from tne heat of forma- 
tion of the compound in question bf dividing 
number of calories per equivalent by 23,260. 
We thus obtain for alumina 2-81* volts, for 


little from that required to decompose sodium 
fluoride — ^viz. 4-7 as against 4. 

There was added to the bath as the operation 
proceeded, a mixture of hydrated alumina, cry- 
olite, and alumina dissolved in cryolite. 

Kleiner invented a furnace for the decomposi- 
tion of cryolite, and carried on the production 
I of aluminium at Tyldesley in Lancashire ; a 
plant was also operated on the lines of the 
H^roult system at Patrftroft near Manchester. 

In this case the dynamos were run by steam 
I power, <!ind it soon became manifest that this 
j could not compete wth advantageous supples 
; of water power which began to bo called into 
' requisition wherever such power was available, 
i Mention should also be made of the method of 
Bucherer, D. R. P. 63996 (1892), who prepared 
aluminium by electrolysing the double sulphide 
of aluminium and an alkali ‘or alkaline earth, 
the chief obstacle to success being the expense 
and difficulty attending the production oi the 
sulphide. 

It soon became evident that the Hall and 
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Heroult process must hold the field, and that I 
coal oould not compete with cheap water power ! 
in this industry, and rapid e^ansions of the I 
industry were made. The price had by 1891 1 
been brought down to one-fifth of that which, 
had ruled under Deville’s process, and the 
production had increased to over 300 tons per 
annum. The accompanying statement is the 
cost of production at this period, as given by 
A. E. Hunt (Eng. and Mining Journ. 1891, 280). 
For 1 Ib. of aluminium there was requisite 
2 lbs. alumina costing 0 cents 

1 Ib. carbon electrode „ 2 „ 

Chemicals, pots, &c. „ 1 „ 

22 E.H.P •ne hour ,, 6 „ 

Labour, interest, repairs „ 6 „ 

making 19 cents in all. 

The following firms were at this period 
manufacturing either aluminium or^ts alloys : — 
In England — 

Cowles Syndicate (Cowles process). 

Reduction S 3 mdicate (Hall process). 

In the United States — 

Pittsburg Reduction Company. 

Cowles Electric Smelting Company. 

United States Aluminium Metal 
On the Continent — 

. Soci6t6 Electrometallurgique at Eroges. 

* Aluminium Industrie Aotien-Gesellschaft 
at Neuhausen. ^ 

Further progress was mainly in tJe direction 
of increasing the yield and bringing down the 
cost of production whilst perfecting the various 
details of the process so that a purer product 
could be made. 

We shall now describe the further development 
of the industry and the manufacture as it stands 
to-day after over 20 years of experience ; and in 
doin^ BO it will be well to consider in greater 
detail (o) the production of alumina, (6) the 
making of the carbon electrodes, (c) the nature 
and arrangement of plant, including the reduc- 
tion furnaces. 

Developw en t of tli o A lumiv iwn hxTn v / 1 // - 
The first factory established on electrical lines 
was that started in 1888, at New Kensington, 
by the Pittsburg Company, which is now known 
as the Aluminium Company of America, and 
conducts operations at the Niagara Falls, the 
Shawinigan Falls, and at Massena. 

Amongst the pioneers of the industry wore 
also (1) Aluminium Industrie Aktien-Gosellschaft, 
who control works at Neuhausen, Kheinfelden, 
and I^end Gastein ; (2) the British Aluminium 
Company, with reduction works operating in 
1890 at Foyers and now at Kinlochleven (Argyll - 
sMre), and branch works at Larne, Burntisland, 
Warrington and Milton (Staffordshire), — this 
company is also associated with reduction works 
at Stangfiord and Vigelands Brug (Norway), 
and projected works at Orsiijres (Switzerland) ; 
(3) SooF^te Electrome'tallurgiq ue Fran^aise at 
Froges, La Praz, and St. Michael, and the 
Cie. dea Produits Chimiques d’Alais et de la 
Carmargue. 

There were formerly works on a smaller 
scale under the Aluminium Corporation at 
Wallsend, now in operation at Dolgarrog (N. 
Wales), and developments in Italy at Bussi. 
The cost of production of the metal to-day is 
said to be 611. per ton as a minimum, tho^h at 
most works it would reach 801. (Mining World, 


June 26, 1909). For the past five yean oosts 
have been much higher. 

The market price of aluminium ingots in 
1902-4 was 120/. per ton, but it rose to 2001. in 
1906, and has since then fallen to 661. (1909), 
though it is now again advancing. Since 1902 
no trustworthy record hoe been made of the 
world’s output of aluminium. It remained, 
however, fairly stationary in the neighbourhood 
of 8000 tons from 1900 to 1905 inmusive, and 
since then has grown steadily, and may be 
estimated for 190!) at 30,000 tons. In the 
United States (Geological Survey publications 
(Metallic Products) for 1908 there may be found 
the estimated consumption of metaUn the United 
States, from which it ajipoars that in 1907 this 
amounted to nearly 7700 tons, and in 1908 to 
nearly 6(M)0 tons. ^ 

The following is a sLatemont of the jiroduo- 
tion of aluminium in metric tons from 1889 to 
1913, (a) in the United States and Canada, (6) 
total output : — 



a 

h 

1889 . 

22 . 

93 

1890 . 

28 . 

193 

1891 . 

08 . 

302 

1892 . 

118 . 

506 

1893 . ■ 

154 . 

870 

1894 . 

250 . 

. 1491 

1895 . 

417 . 

. 1836 

1890 . 

591 . 

2260 

1897 . 

. 1814 . 

. 5220 

1898 . 

. 2359 . 

. 0860 

1899 . 

. 2948 . 

. 8960 

1910 . 

. 17400 . 

. 43800 

1911 . 

. 20500 . 

. 45000 

1912 . 

. 29200 . 

. 63000 

1913 . 

. 32300 . 

. 68000 


During the per 
the data availnblc 


iod of the war, 1914 to 1918, 
ar(' incomplete and hardly to 


1 be depended upon. Considerably increased 
i outputs are, however, recorded. In 1917 there 
appear to have been about 79,500 tons manu- 
factured in the United States and Canada with 

168.000 tons as total c^itput. France in that 
year produced about 20,500 tons ; Germany, who 
in 1913 produced only 800 tons, put down 
during the war largo instalments of plant 
sufficing for 40,000 tons; the British production 
was 1 3,000 tons and that of the other European 
countries 16,000 tons. Switzerland is stated to 
have exported nearly 10,000 tons per annum 
into Germany. Norway made large extensions 
in reduction works which did not become 
effective owing to lack of raw materials. In 
other directions her efforts in electrochemical 
developments have been such os to command 

125.000 kilowatts in 1917 as compared with 
9000 Iwlo watts in 1904. 

The Production of Alumina , — The raw 
material from which the alumina is usually 
made is bauxite, deposits of which occur at 
Beaux and in the Var (S. France), at Feietritz 
(Austria), Wochein (Styria), Irish Hill (Ireland), 
Georgia, Arkansas, Alabama, Tennessee (Unit^ 
States), British Guiana, and in New South 
Wales. The physical condition of the bauxite 
varies considerably, so that some kinds are 
more readiy acted upon for the production of 
alumina than others. In the aluminium indust^ 
a low content of iron and silica is dcsireS^ 
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especially the latter ; it is therdore usually | manufacture of sulphate of alumina. The 
found advantageous to employ the red bauxites, following table gives the composition of typical 
the white bauxites being usea preferably in the I samples : — * 


Locality . 

lieaux 

Var 

Wochein 

Felstritz 

Irish 

Oeorgia 



^.4 

Red 

White 

Dark 

coloured 

Light 

coloured 

Reddish 

brown 

Yellow 

White 

Raw 


AI,0, . 

60 

75 

60-62 

66-74 

6316 

72-87 

44-4 

64-1 

64-6 

35-0 

60-6 

Fep, . 

25 

12 

24-28 

0-3-3 

23-65 

13-49 

30-3 

10-4 

2-0 

38-0 

1-9 

SiO* . 

3 

1 

1-7 

12-18 

4-16 

4-26 

16-0 

12-0 

7-6 

3-6 

3-3 

H,0 . 

12 


12-13 

14 

8-34 

8-60 

9-7 

21-9 

24-7 

21-6 

321 

TiOa . 

— 


01-4 

— 

trace 

trace 

— 

— 

— 

.2-0 

2-2 


The following analyses by Loop. Mayer and O. Wagner (Dingl. poly. J. 248, 213) show that 
the appearance of bauxite cannot be relied on as a criterion of its value. The origin of the 
samples is not given : — * 



Appearance 

Hygroscopic 

moisture 

Oombine<l 

water 

AI0O3 


8i02 

MuOa 

CaO 

MgO 

P 2 O 8 

1 

Pure white 

2-33 

13-86 

29-80 

3-67 

44-76 


2-75 

0-84 

1-47 

2 

Yellow . 

1-03 

27-86 

43-22 

14-39 

10-43 

— 

1-61 

— 

1-13 

3 


1-30 

27-70 

60-38 

11-68 

8-34 

trace 

trace 

trace 

0-61 

4 

Red 

1-.34 

^3-12 

33-80 

25-69 

12-41 

2-42 

trace 

— 

0-63 

6 


1-31 

23-81 

46-18 

22-06 

4-82 

— 

0-89 

— 

0-66 

6 i 


0-95 

20-83 

62-10 i 

6-11 

6-06 

2-01 

3-20 

trace 

trace 

7 1 

ff • 

1-17 

4-75 

21-80 

3-75 

60-10 

-%r 

6-06 

2-49 

trace 


The amount of bauxite mined in 1907 was | 
260,000 tons, three- fifths of which was produced 
in France. In 1913 the production was 5,33,000 
tons distributed as follows: United States 210,000, 
France 3lj9,000, Great Britain 6000, other 
countries 8000. During the period 1914-1918 
no reliable returns are Jlvadable, but it is certain 
that the owtput was much larger. That for the 
United States alone was 669,400 tons in 1917, 
and British production 16,000 tons. Now de- 
posits were opened up in Dalmatia and Hungary, 
the latter country contributing 69,000 tons in 
1916. Increased production of aluminium and 
aluminium salts account for 467,000 tons. The 
more recent applications of bauxite to the pro- 
duction of alundum, abrasives and refractory 
materials for bricks and furnace linings took up 
112,400 tons. 

* For the manufacture of the purest form of 
alhmina the bauxite is first roughly powdered 
and calcined to get rid of water and any organic 
matters. It is then more finely ground and 
int^duced gradually with agitation into kiers 
containing caustic soda solution of 1'46 sp.gr. 
The kiers, are now closed and the charge heated 
for some hours under high-pressure steam — 
about 70-80 lbs. The contents of the kiers 
are then transferred to the filter preset, aod 
the filtrate further cleared through wood pulp 
to lead 'lined vats. The liquor contain? sodium 
aluminate NaAlOj, which maj' be decomposed ] 
by pfssing carbon dioxide into it, but it is now 
more usual to adopt the Bayer method of pre- ; 
cipitating the alumina. This method depends 
on the fact that the addition of alumina effects 
the decomposition of thef^alurainate cmd throws 
do|rn some 70 p.c. of the alumina^ The dis- 
solved liquor now contains alumina and soda 
the proportion AljOa : Na,0 1 : 0. The 


precipitated hydrate of alumina is allowed to 
settle, and Ihc liquor with its undecomposed 

{ lortion is run oil into weak-liquor tanks. The 
lydrate is filter-pressed, sufficent being left in 
the vat to serve as precipitant for the next 
charge. The weak liquor may, after concentra- 
tion, be used over again for reacting upon a 
further amount of bauxite. 

The press cake containing the impurities 
removed in the treatment of bauxite oon- 
iititutes usually over 30 p.c. of the bauxite, 
whether the wet process of extraction or the 
dry fusion process with sodium carbonate be 
used. In the latter case, the residue has been 
successfully applied in the removal of sul- 
phuretted hydiogen from coal — or from exit 
gases of other products. The residue from the 
wet process is, however, inactive in this respect, 
but may bo transformed into a condition in 
which it is very effective. 

The hydrate of alumina so obtained ought to 
contain loss than 0’5 p.c. of mineral impurity, 
iron and silicon being the more objectionable 
impurities. To bring it into a suitable physical 
condition for use in the reduction furnaces it 
must be calcined at i 100®- 1200°, so that it 
shows no tendency to give up moisture when 
used in the furnace or to absorb moisture when 
exposei to air. 

The alumina of to-day is superior to that of 
twenty years ago, and the cost of production 
les.s than one-half. It constitutes, however, 
about one-fifth of the whole cost of manufacture 
of aluminium, and many processes have beeaa 
brought forward with a view to improve or 
cheapen the product. Of these may be men' 
tioned the patents of Peniakoff {Eng. P«t. 
Nov. 19, 1896, Mar. 18 and May 13, 18w, Ac,), 
Endeavours have been made to obtain aluminel 
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of guflSoient purity from bauxite, clay, fela|>ar, 
or kaolin by electrically heating them with iron 
(or its oxide), carbon and cryolite, thus sepa- 
rating ferrosUicon from alumina ; Moldenhauer 
(J. Soo. Chem. Ind. 1909, 148), Sinding-Larsen 
{ibid. 1908, 409), Tone (Electrochem. and 
Metallurg. Ind. 1909, 3/)), Hall (J. Soo. rhein. 
Ind. 1902, 49). Recently Serpek has nropuaod 
to prepare alumina by forming the carbid<‘ and 
acting upon this with producer gas consisting 
of 77 p.c. nitrogen, 23 p.c. carbon monoxide, 
and a little carbon dioxide. He claims that a 
tolerably pure nitride of alimiininin is formed, 
and this aocon^osed by steam } jclds alumina 
and ammonia (Journal du Eour Electrique, 
316, 1 ; J. Soc. Chem. Ind. 1911, 20; Fr. Pat. 
'406712 and 418069). Many other patents have 
been taken out with the object of producing 
alumina or nitride with the use of clay or other 
crude materials in place of the purified alumina, 
or as means of procuring alumina. Amongst 
these may be mentioned Cowles’ process (Journal 
du Four Electrique, 1913, 170), Child’s process 
(Met. and Chem. Eng. 1913, 231), Peacock’s 
proposal to use felspar {lx.), the Badischc 
patent (Chem. Trade Journ, Ajinl, 1911), as 
well as methods of extraction from alumte with 
the recovery of alkalme salts (Waggaman and 
Cullen, J. Soc. Chem. Ing’. 1910, 1217), and 
Hershmann(U.S. Pat. 1916 and 1 910).* Serpek’s 
process has also undeigone considerable develop- 
ments in operations on the large scale at 8t. 
Jean de Maurienne, See. also J. Soc. Chem. Ind. 
1913, 609 ; Met. and Chem. Eng. 1913, 137. 

The Making of Cathon Electrode f,. — Bitumi- 
nous coal, anthracite, retort carbon, natural or 
artificial graphites, soot and oil-coko aro all 
materials which have from time to time been 
used in the production of carbon electrodes. In 
deciding which of these materials Miould be 
used, account must be taken of : (a) Supply 
and cost of raw material ; {b) ash content ; 

(c) amount of volatile matter and sulphur ; 

(d) conductivity for electricity and heat. It 
must also be understood that electrodes used 
for the production of aluminium differ in 
character from those used for lighting or for 
the production of calcium carbide and many 
other purposes where graphitisation of the 
carlion is an advantage and the presence of 
mineral matter is quite permissible and oven 
neceasary, The graphitisation of amorphous 
carbon, which must contain mineral impurities, 
is ind^ effected by exposing it to a high 
temperature under electrical heating. 

ft is said that at the temjierature employed 
the iron volatilises. Be this as it may, the ash 
of such carbon contains ef considerable amount 
of oxide at iron. Aluminium, boron, silicon, 
and other elements which form carbides o%n be 
used as graphitising agents, as also to some 
extent the oxides of these elements. 

Gnmhite or graphitiSed electrodes have at 
1000® & about 6 times the electrical con- 
ductivity of coke blo^B and 8 to 10 times the 
thermal conductivity, but it is now recognised 
that theae properties, advantageous in some 
respects, are not, however, favourable to the 
effieieat woiking of reduction furnaces. 

It may be taken that, so far as it is capable 
of reduction in the aluminium furnace, the 
mineral ash contained in the carbon alloys 
VoL. I-T. 


itself with the aluminium, as also the foreign 
matter present in the alumina. The amount of 
alumina used should be about double that of 
the aluminium resulting therefrom, and the 
electrode consumption about one-half of the 
aluminium, so that an csMta:tf.te may be made 
of the impurity as silicon contained in the 
metal. Assuming the silica in the alumina and 
in the electrode together as 0*4 p.o., in eaoli 
case, the amount of silicon in the metal will be 
ven^ nearly 0*2 p.o. 

Similar considerations ayply to the iron con- 
tent of the metal, though tffjs may, by reason 
of operations, much exceed the amount of iron 
contributcKl by the alumina and electrodes. 

The electrical resistance is in microhms per 
cubic inch of . 

0 ® 1000 * 

Amorphous carbon(pressod) 1‘03 1*46 
Graphite carbon . . . 0‘42 0‘26 

Electrodes for aluminium . S'OO 2*60 

The resistance per cubic centimetre would be 
2‘54 tunes these values. (For further detail, The 
Electric Furnace, Stanslield, or the pamphlet 
issued by the Acheson Graphite Co., may be 
(ioiisulted ; also Met. and C’hem, Eng. 1916, 23.) 
In addition to low resistance to the electrical 
current, it is dosiralilo that electrodes should be 
of low conductivity for heat, that they should 
bo sufficiently hard and resistant to superficial 
oxidation, of low porosity and of as even 
character as possible throughout their whole 
mass. 

To produce electrodes having these qualities 
the material (oil coke, pitch coke, and antliraoite, 
used separately or mixed) must be carefully 
selected, ground, calcinedi and subjected to 
high pre.ssure with tlic admixture oi tar or 
other material to act as binder. The blocks 
arc baked at a temperature of about 1200® to 
1300 in a kiln, m principle resembling a pottery 
kiln, the surface of the blocks being proteotw 
from oxidation by being embedded in carbon. 
I’lie permissible current-density for good eleo- 
trodes of tills type is in the neighbourhood of 
s amperes per square inch of transverse section. 
For further details and description of Mendheim 
and other kilns suitable for Baking the blocks, 
reference may be made to Dio Kiinstliohen 
Kohlen, by Julius Zcliiior. Also to Chem. and 
Met. Engineering, vol. xix. 179, where an 
illustration of a morn modem type of kiln 
known as the Meiser Kiln is shown. Various 
tyjies of tunnel furaaces are also in use for this 
purpose (and for baking ])ottery and biioks). 
The connection of the carbon blocks with toe 
anode beam carrying the current may be effected 
by meanK of an iron claw let into the block or a 
copper hanger fitted into it by a screw contact 
or by other devices. 

The Reduction Furnaces . — These consist 
essentially of an iron casing lined with carbon, 
the general character and arrangement of which 
is shown in transverse section below. The 
electrodes vary in size and form in different 
works, and are not neceesarily arrai^ed in tVo 
rows as indicated in the figure. Their J;otlI 
sectional are& is, however, uways adaptill tiGr 
the current to bo Used and good electro^ wiH 
act satisfactoflly under a current-density oi 
about 8 amperes to the square inch. Jbe lowei 

u 
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pAii of the carbon body serves as the cathode, 
or a Special form of cathode is let into the 
carbon at the base of the furnace. In starting 
a furnace it is usual to introduce first the cryolite, 
which is brought to a state of fusion by electricaji 
heating. Alumiii§ m then fed in gradually at the 
surface of the cryolite, and aa it dissolves the 
resistance gradually falls to about 6 or 0 volts, 
and the temperature of the bath will be 
generally 1(K)0''. The electrolytic action brings 
about a Uecom position, which has been usually 
taken to result in the formation of carbon 
monoxide, acconliftg to the equation 

AljOj + :iC ^ 2A1 f 300 
but there is little doubt that primarily enrbon 
dioxide is formed, and tho change should be 
expressed as * 

2AlaOj, + 110 4A1 + 300j 

In the former case the carbon used would 
be two-thirds of the weight of the aluminium 
produced, whilst m the latter it would be one- 
third. In practice the ratio of carbon to aluiui 
niuni lies between the.se extreme.s. 



The production of aluminium is discon- 
tinnous, for about 2 hours alter the proper 
charge of alumina has been added tl^ voltage 
of the furnace rises rapidly and affords an ! 
indication that more alumina must be added. 
The aluminium collects at the bottom of tho 
bath of electrolyte, and is tapped off at stateiJ 
periods, either every day or at longer intervals. 
The reduction of alumina by electrolytic methods | 
on a laboratory scale is beset with difficulties . | 
an Account of experiances in this direction is 
given in papers by Neumann and Olsen (Met. 
and Ohem. Engineering, 1910, 186^, and Tucker 
1909, 315). The meted is subsequently 
le-melted and cast into notch bajsslabs or blocks. 
The blocks are broken down in* heavy rolls and 


further brought down into sheet. Metal which 
has been subject to mucl^oold work in rolling 
is in a stressed condition. TO render it homo- 
geneous it is expo.sed to an annealing process 
at about 400". The resulting sheet is ultimately 
obtamed according to details of treatment in 
soft, medium, or hard condition. Tho metal 
may also be drawn into wire or extruded in large 
mas-ses either in solid sections or in tube. 

Vhifstcal Ptoperties . — Commercial aluminium 
is a metal with tho whiteness of tin. It has 
been obtained in crystals resembling octahedia, 
and IS very slightly magnetic. 


sj>ecifit; 

: heat is, at 
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(Schmitz, Proc. Roy. Soc. 72, 177). 

The total heat required to bring a kilo jjrammo 
of aluminium from 0" to 025" is 239,400 cals., 
and its latent heat of fusion is usually taken 
as SO caloru'S ]ter grain. Laschtschenko (J. 
(3iem. Soc. 1913, Abst. 427) found for metal 
of 99 pc. purity the value 71. It melts at 
054-5" (Heycock and Neville), 057-3" (Holborn 
and Dayk tho melting-point being dependent 
(as ai'' other phy.sical properties) on its purity. 
Small amounts of silicon and iron, which are 
always jAesent, lia^o a considerable effect on 
its behaviour, botli jihysically and iii contact 
with reagents. Lorenz found its conductivity 
for heat at (l 0 3435, at 100" 0-3019; whilst 
Jaegoi and Dres^elliorst for metal containing 
0’5 p.c. iron and 0 4 p.c. copper, found 0*4923 
at 100'. Similarly the electrical conductivity 
of aluminium, taking copper as 100, is as 
follows : 98*5 p.c. purity, 55 ; 99 p.c., 69 ; 
99 5 p.c., G1 ; specific resistance, 2*7-2*8 microhms 
increasing to 3 (5 at 100". 

Itsclastjcit V modulus (i.p. load in kilogrammes 
per square millimetre, divided by its alteration 
in length) is 74()2 as compared with 11,350 for 
copper, and the torsion moduli of these metals 
arc 3350 and 4450 rcspi'ctively. 

The specific gravity of the molten, metal 
is 2 54, and of the cast metal is about 2*00 ; 
this may be increased by rolhng. Its thermal 
expansion is given by the formula, f/=/o( l4-22*9< 
-j 0-009/2)10-®! {.loegcr and Srheel). It expands 
on fusion to tho extent of 4*8 p.c. (Toepler), 
Thu metal expands in volume from 0"C. tq 
melting point 0*1 p.c., after fusion reaches 10*9 
p.c., and at 800" C. 12-4 p.c. In hafdness it 
resembles silver, and the pure motaJ is softer 
than tho impure. It becomes more elastic and 
also harder by hammering and rolling, ajid is 
capable of being drawn down to a wire of 
inch in thickness, or rolled into plate or beaten 
into foil to inch thick. It can also be 
1 linel^ granulated, or pr^ared in the form of 
' powder (Guillet, J. Soc. (mem, Ind. 1912, 339), 
I which is largely employed as ‘ thermite,’ or as 
I aluminium paint. The tensile strength of 
aluminium is 12 to 13 ti^s on the square inch, 
but this varies with the temper of the metal 
between 6^ and 15([ tons on the square inoh^ 
the elongation varying in the inverse manner 
from 23 p.c. to p.c. 6-mm. wires have a 
tensile stren^h of 13kg./mm.'and3-mm. wires 
a strength of 17 kg./mm.^ Aluminiam has bemi 
l&rgely used for overhead eleotrical toansmistioo 
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and k {KMseaseB many adyftotages for suoh 
.purpoBOB owing to lightness. Its specific 
gravity being only ^ of that of copper, and 
conductivity over 60 p.o., it follows that an 
aluminiuin cable has double the efiiciency of a 
copper cable of the same weight as a means of 
conveying current. The tensile strength of 
aJaminium is affected, of course, by )ts form, 
method of casting and mechanical treatment. 
Its ultimate strength in tons per square inch is 
in castings 5 tons, in sheet 8 to 9 tons, and in 
wire from 13 to 29 tons. On annealing its 
strength is reduced about 50 p.c. and its duc- 
tility much incr^sed, the elongation being 4 to 
8 times greater flian when it is in the hard-rolled 
form. 

Although corroded in the atmosphere of 
some large towns, it is not more so than other 
metals used for cables, and under ordinary 
circumstaniies it merely becomes coated witli a 
thin film of oxide which acts protectively 
(Kershaw, J. Soc. Chem. Tnd. 1901, 133 ; E. 
Wilson, J. Soc. Chem. Ind. 1902, 1283 ; 1903, 
1093). A protective coating for iiisdation 
purposes can also be produced (Mott-, J. Soc. 
Chem. Ind. 1904, 509; Skinner and Chubb, 
J. Soc. Chem. Ind. 1915, 300 ; also Eng. Tat. 
9941, April 24, 1911). 

There has been groat difficulty in finding a 
wholly satisfj'.ctory solder fof the meta#, and one 
that shall resist corrosion. Dagger (J. (3iem. 
Soc. Ind. 1891, 430) quotes as useful for heavy 
soldering A1 12 pts, Cu 8 pts. Zn 80 pts., and for 
light soldering A1 0 pts. Cu 4 pts. Zii 90 pts. 
A satisfactory flux for soldering consists of 
NaCl 30 grams, KCl 45 grams, LiCl 15 grams, 
KF 7 grains, NaHSOi 3 grams (J. du Four 
Eleotrique, 1914, 868). Joints can, however, be 
made by autogenous welding with an oxyhy- 
drogen or acofylene flame or electrically. Ilutt 
antf other joints may be effected by vanous 
mechanical devices with the aid of fusion at 
the surfaces or by a casting of metal around the 
junctions. 

Apfiicaliontt of Aluminium in the Industries. 
— Castings or extrusions of the metal or its 
alloys are used in the con.struction of railroad 
Oars, motor-cars, air-ships, and aeroplanes ; for 
collector bows, field coils, and other details in 
oleciricaJ traction, also for vaiious mechanical 
appliances, such as pulleys, &c. Sheet is largely 
employed for spinning, pressing, or stamping 
into forms suitable for cooking vessels, trays, 
drawers, "beakers, and similar articles of domestic 
use, or in works operations. Wire and extrudeil 
metal is employed in the distribution of electrical 
current either by means of solid or stranded 
cable, fofp feeder connectitns or bus- bars. In 
Amedoa, on the Continent, and in (’anada and 
other Colonies aluminium is used for overhead 
high-tension currents running to over 10(j,000 
vmts. In Great Britain its use is confined to 
lower-tension currents either over or under- 
(^ound. 

Omnules and Notc\Bar arc cast in this form 
for convenient addition to molten steel during 
oasting with the object of securing greater 
pnrity and density of the steel, in the form of 
^ poted^, or as finely granulated metal, aluminium 
finds application in the thermite weldn^ process, i 
as paint, and for the manufaotoia of high explo- 
such as ammonal. In oozueqaenoe of the ‘ 


very large number of ohemioal products which 
have practioallv no action upon aluminium, the 
metal is now ^ing used with advance in a 
large number of chemical industries. The 
following may be quoted os processes or branch 
industries, in which already wide applications 
in the construction of plant ai^ being round for 
the metal : — 

Manufacture of nitric acid and guncotton, 
&c. ; oils, fats, soap, glycerine, oivanio acids; 
line chemicals, such as fornialdehyoo, hydrogen 
peroxide, ether, extracts, essences, and syrups ; 
foodstuffs, gelatin, jams, etc. • 

Also in the camnng indu.stry, sugar refining, 
varnish making, brewing, dyeing, rubber, paper, 
lithography, and printing. 

Chemical J* opertieH . — Aluminium absorbs 
about it.s own volume* of hydrogen (l)elachanal 
and I>utna.s, J. Soc. t'liem, Ind. 1909, 308), 
which is, however, expelled on heating or in 
vacw). In the course of its production and 
treatment aluminium takes up gases (chiefly 
hydrogen and mtroi'j n) usually in sueh quwitity 
that their total voluim* is from 7 to 20 p.c. of 
tliat of the metal. Good metal tapped from the 
reduction furnaces yields 6 to 10 p.n. of its 
volume of hvdio'Jjen and about 3 to 4 p.c. of 
nitrogen. After ro melting, ispceially under 
umsuitablo conditions, it is found to contain 
moic hydrogen and also carbonic oxide and 
hydiocarbon.s. An ingot of metal, wliich had 
been melted and allowed to cool m the furnace 
verg .slowdy, was highly cTystallme and found to 
contain of it.s volunu- an extraordinary amount, 
viz. 85 j).c. hydM»gen, 7'5 ji.c. nitrogen, and 4 
p.c. carbonic oxide and hydrocarbons. It is 
practically unacted upon by oxygen at ordinary 
tomjieratures, but if fineli^ divided it under- 
goes considerable oxidation at 4(X)°, or even, 
though less rapidly, at lower teraperatufes. If 
siiflieiently pure, water has slight action upon it, 
though if sodium is present in the metal a some- 
what greater action occurs. This is accentuated 
if copper, brass, or other metals are in contact 
with it. A recent use to ii:hich the metal has 
been put is for the treatment of hard waters, 
which by intimate contact with the metal, are 
said to bo softened and become less liable to 
form incrustation on the shell of the boiler. 
The halogen elements or acids readily act upon 
aluminium, arid the chemical activity of the 
metal is such that a largo amount of heat is 
generated on combination with these elements. 

The very great affinity which aluminium 
possesses for oxygen has been made use of in 
the application of ‘ thermite ’ as a means of 
reducing oxides. Goldschmidt, X>. R, P. 96317 
(1895), W thus used the finely divided metal in 
the production of iron, manganese, chromium, 
nickel, cobalt, titanium, boron, molybdenum, 
tungsten, vanadium, and other metala. 

Reagents which readily part with the 
halogens, such as SiCl^ and also attack it, 
and carbon or the oxides of carbon at hkU 
temperatures convert it into the carbide, Al^Cj. 
Mallet (Chem. Soc. Trans. 1876, 340) found that 
molten aluminium is upon by nitrogen 

with the formation of mtride, indeed it bums 
vigorously unan atmosphere of nitrogen. 

If brought into intimate contact with 
mercury in presence of moisture, aluminium ia ^ 
re^y converted into the hydroxide, and when 
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exposed to the vapour of mercury with access energy by heated aluminium that the metal 
of air, it undergoes rapid oxidation. fuses. ^ 

Perspiration, being acid, has no apj^rent Corrosion of aluminium. — The question of 
effect ; saliva, on account of its slight alkalinity, corrosion is one which is of the highest import- 
acts very slowly. Aluminium tubes have been ance in the application of metals, but in none 
used for insertion^ m the human body where more so than m the case of aluminium (Bailey, 
much purulent *mattcr was present, without .T. Inst. Metals, ix. 79, and xxi., 234). 
perceptible corrosion. This arises not only from the considerable 

Aluminium when fused with potash or soda j extent of the usage of this metal for culinary 
IS unaffected even nt a dull red heat, but the \ operations, but also because of its large and 
superficial silicon is removed ; metal so treated j extending use in the chemical industries end 
takes a good ‘ matt.’ , for constructional work where atmospheric and 

For burnishing and engraving aluminium, other agencies are to be reckoned with, 
the ordinary media are unsuitable. According | Speaking generally, with the exception of 
to Mourey and others, an emulsion of equal parts j alkalis ancl salts with an s'kaline reaction, 
of rum and olive oil is most satisfactory. 'J'hc I solutions containin|; less than 6 p.o. of the 
finish of manufactured articles is improved by a j reagent have very little action, 
frosted apficarance ’IXiis is produced by It is also noteworthy that concentrated 
plunging the article muiTHUiturily into caustic i mineral acids or organic acids, and with few 
alkali, washing well, and immersing in cbliite exceptions the salts of these react very slowly 
nitric acid. with aluminium. The most important excep- 

Action on Metallic solutionti. — Aluminium, tions are hydrochloric acid and the halogen 
especially in the form of foil, has a considerable acids generally. 

action on many salts in solution. Tlie action of It is essential, however, to add that whilst 
sulphates and nitrates is usually vei v slow. All thi.s general statement holds good at ordinary 
chlorides, excejit those of the alkalis and alka- temperatures, action is very greatly accelerated 
lino earths, are readily (h'composed, even alu- by a rise in tcmiperature, and esjMJcially when 
minium chloride solution dissolves the metal the reagent approaches its point of ebullition 
witli evolution of hydrogen. Bromides and The extent to which aluminium is corroded i*^ 
iodides have corresponding effects. Tho pro- also largely dependent on its purity, ospeciallv 
senec of chlorides in solutions of other salts where this is lower thnn that of good com- 
much facilitates their action. mercial metal, say !)9'2 p.c., or, of course (though 

From a neutral or feebly acid solution of in practice this is frequently overlooked), 
silver nitrate, silver IS precipitated slowly ; from aluminium is in contact with other metals, 
an aramoniacal solution of the chloride, silver is In the notes which follow, some information 
rapidly precipitated us a crystalline powder. is given as to the corrosive effects of those 
From the nitrate oi sulphate of copper, pre- reagents which are already associated with the 
oipitation is slow, ^ from the ac'etate quicker, use of aluminium in the industries, and references 
and from the chlot ide or other salt in pre.sence are given to details. 

of sodtuin chloride, rapid and complete. The numbers stated in parentheses, in respect 

Halts of mercury are decomposed with forma- of any of these reagents, express the milligrams 
tion of an amalgam Lead and zinc are readily of nu'tal removed per 100 square centimetres of 
precipitated (?’. also (Vissa, Zeitsch. f. Chem. i surface for an exjiosure at ordinary temperatures 
12] 0, 380 and 443; Nicolardot, J. Soc. Chem j of 24 hours, when tlie concentration is ap- 
Ind. 1912, 438). proximately 5 p.c., except where otherwise 

Action of dry salts and oxides. — The action stated, 
of aluminium, when heated with certain salts Acetic acid (0*6) (Lunge, J. Soc. Chem. 
and oxides, is peculiar, and shows, esfiecially at Ind. 1895, 692 ; Seligmann and Williams, 
high temperatures, tlio tendency of this metal to J. Soc. Chem. Ind. 1910, 88, and 1917, 409). 
form uluuiinates. j Acetone (Pikes, Zeitsch. augew. Chem. 1914, 

It is not affected by potassium nitrate except 52). 
above a red heat ; it is then rapidly oxidised I A Icohol, wines, and spirits (Lunge, l.c. ; 
with formation of potassium aluinmatc. With I Riidiger and Karpinski, J. Soc. Chem. Ind, 
alkaline carbonates combination takes place at I 1913, 41), 

a red heat with separation of carbon, and with Ammonium hydroxide (reaches maximum 
alkaline sulphate combination takes place i with 2 p.c. at 375) (E.K. Davis, Metal. Ind. 1910, 
suddenly at redness with explosive violence; ! 109). 

in both oases aluminates are formed. ! Barium hydroxide (370 for centinormal 

When finely divided aluminium^ is mixed ' solutions), 
with oxide of copper, lead, or iron, combination Beer (Sohdnfeld and Himmelfarb, J. Soo. 
takes place at a white heat only, with such vio- ChAm. Ind. 1912, 789 ; Chapman, l.c. 1912, 87 ; 
lenoe as freauently to shatter the crucible. In Bleisoh, l.c. 1912, 199 ; Zites, l.c. 1913, 248 { 
Jbhe case of lead and copper oxides, aluminates Trillat, l.c. 1916, 883). 
are produced, and with iron an alloy of iron and Boric acid (0*3) (Lunge, l.c.). 
alnmininm (Tissier). ) Bromine acts vigorously on aluminium, also 

When heated with silicates or borates, i chlorine and iodine. 
alnmininm liberates sjlicon or boron, forming an I Butyric add (0‘2) (Lunge, l.c. ; Sel^maQn 
ahiminate with the base. Fused silver chloride j and Williams, l.c.). 

is reduced to metal ; zinc is reduced from its Calcium hydroxide (286 for a oentinomal 
ij^MNsd chloride, whilst magnesium chloride is solution). 
ik/it affected (Flavitzky, Ber,* ft, 195). The CUric acid (0*3) (Lunge, l.c.). 

. vapour of merourio chloride is seduced with such | Formic acid (Seligmann and Williams, he,). 
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Hydrochloric acid ( 7 ). 

ImcHc acid (0'8) (Lunge, he.). 

Nilrk acid (6) (ieligmann and WilHams, 
J. Soo. Chem. Ind. 1916, 606). 

(0) (Carpenter and Edwards, 
utn Report of Alloys Research Committee). 

Potoisium hydroxide, (205 for a centinormal 
solution). 

Potassium iodide ( 13 ). 

Propionic acid .(SeUgtnann and Wiiliams, 
J. Soo. Chem. Ind. 1916, SS). 

Salicylic acid {VI) (l.unge, Ic.). 

Sodium chloride ( 2 ). 

Seawater (13) (Carpenter and Edwards, hr ) 

Sodium hydroxide (400 for a centinormal 
solution). 

Sodium carbonate (reaches maximum with 
0 6 p.c. at 140). 

Sodium bicarbonate (little or no action). 

Sulphuric acid (7). 

Tartaric acid {0-3) (Lunge,! .c.) 

It should be realised that corrosion nicasiired, 
especially in the cold and over short exposures, 
shows in many cases, a much higher value than 
would be the case for prolonged exposure, owing 
to the formation of a protective coating. Tins 
applies particularly to weathering, action of 
ammonia, and certain hydrates and salts, and 
more commonly in hot solutions. I 

With the fixed alkalis ^ho activity is pro- i 
gressive with increased concentration; and also | 
m a very rapid degree with hydrochloric acid ; 
but with ammonia, sodium carbonate, and with 
sulphuric, nitric, and acetic acid the activity 
rises to d maximum, and ultimately fails off 
rapidly, so that with the highest con- 
centration the action is slight. Many of the 
results given above have been confirmed by 
the author of this article or are the results 
of unpublished determinations by him. It 
only remains to add that the following bodies 
have practically no action on aluminium ; 
Acetone ; acetylene; benzol ; tea and other 
similar beverages ; borax; chlorides; sulphates 
aim nitrates of the alkalis ; carbolic acid ; 
ctnOT J fats, oils, and fatty acids ; formalde- 
hyde ; gallic acid ; gelatin ; glycerine ; hydro- 
gen peroxide ^ hydrogen sulphide; soap; 
sulphur ; sulphur dioxide ; chlorine. 

Potable waters, if free from common salt 
and alkalw, have very slight effect.. 

Detection. — Compounds of aluminium, when 
heated, moistened with solution of cobalt 
nitrate, and again strongly heated produce a 
line sky-blue colour {Thenard's blue, q.v., art. 
Cobalt). 

Aluminium compounds are usually colour- 
less. Silicates and other compounds insoluble 
in acids require to be fidfely powdered, mixed 
with 4 parts of sodium carbonate or fusion mix- 
ture, wd hMted strongly in a platinum crucible 
The alui^um, having thus become converted 
mto sodium aluminate, is dissolved out with 
hydroohlorio acid, evaporated to dryness to 
ren^^y dissolved silica insoluble, and treated 
with dilute hydrochloric acid. The aluminium 
u then present as chloride. 

Aluminous solutions, on addition of an alkali, 

f yhite gelatinous precipitate of hydrate,' 
soluble m excess of the precipitant and in aci^. 
Ammonia produces the same precipitate, which 
IS omy slightly soluble in excess, and is entirely 


m 

reprecipitated on boiling off the excess of 
ammonia if suflSoient ammonium chloride be 
present, or it may be precipitated by CO,. 

tSstimaiion. — Aluminium is usually preoipi* 
tated as the hydrated oxide A1,0„3H,0. 

For this pu^ose the solution, which, in pre- 
sonce of alkalis or alkaline earths, is mixed 
with excess of ammonium chloride, is treated 
with a sliqht excess of ammonia, and the solu* 
tion boiled until the free ammonia is expelled. 
The hydrate, having thus become totally pro- 
cipitated, is filtored, well washed, dHed and 
heated in a jilatiniim crucible, the heat being 
filially raised to bright redness^o constant weight 
over the blowpipe. The weighed residue consists 
of anhydrou.s oxide, AljO,, and contains 63 p.c. 
of aluminium « The separation from other 
metals is not (hfticult. The heavy metals may 
be precipitated from tlie acid solution by sulphu- 
retted hydrogen, leaving the aluminium in solu- 
tion, whilst the precipitation in presence of 
ammonium chloride in oxces-s separates it from 
the alkalis and alkaline earths. From chro- 
mium and iron the separation is less simple. 
Chromium may bo sejiarated as follows : — The 
precipitated oxide-s are dried, mixed with 2 
parts potassiuin nitrate and 4 sodium carbonate 
and fused in a platinum crucible. Alkaline 
chromate and aluminate are thus produced. The 
mass IS digested with wati'r and a small qiian- 
tity of potassium chlorate and of hydrochloric 
acid are then adthd, and the solution is evapo- 
rated to a syrup, with occasional addition of 
otassium ihlorato to destroy the excess of 
ydrochlonc acid and prevent its reducing 
action on the chromate. The aluminium in the 
diluted .solutnin is (irocipitated as above by 
ammonia, leaving the chromate in solution. 

For the sejiaraiion from iron, the precipitated 
hydrated oxides are dissolved in the minimum 
quantity of hydrochloric acid and treated with 
an exceas of pure strong potassium hydroxide 
solution, boiled for a few minutes, diluted, 
filtered, and well washed. The ferric oxide is 
thus precipitated and separated from the soluble 
alumina. The solution ajiul washings are acidi- 
fied with hydrocliioric acid and precipitated 
by ammonia. On account of its soWent action 
upon glass, the treatment with potash should 
be performed in a porcelain dish, which is muci^ 
loss attacked, or, preferablv, in one of silver. 

Commercial Analysis of Aluminium. — The ' 
direct determination of aluminium, constituting 
as it does usually over 99 p.c, of the metal under 
examination, presents many difficulties. It has 
been propo.sea to. estimate the aluminium by 
ascertaining the volume of hydrogen evolved on 
dissolviM it in hydrochloric acid or the amount 
of chloride formed, but the errors to which such 
a deternadnatioD is liable are too great to admit 
of sufficient accuracy ; moreover, the impurities 
usually present give rise to corrections vbich 
detract from the simplicity of the method and 
complicate the result. The solution in caustic 
soda is preferable to this, the iron and copper 
remaining as a black residue, but the silicon, in 
part„ at le^t, reacts with caustic soda, so that 
even in this case the h^^ogen erolved cannot 
be taken os a measure oi the alamlnium present. 

In th<w cftcumstances it is customary to 
determine the impurities and arrive at the 
amount of aluAiinium by difference. % 
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The imparities generally present in quantity steel bronze, with 8*0 p.6. A1 and some sHioon ; 
re iron, silicon, and sometimes copper. Minute acid, bronze, with 10 p.o. M. The copper 
mounts of sodium, carbon, and nitrogen are bronzes, with 90, 92*5, 95 tfnd 97*5 p.o. of copper, 
iso contained in the metal, but these should not are all good alloys, showing homogeneity and 
reatly affiJct the result unless when dealing freedom from o^staHisation. They are of great 
ith specially impure metal. Commerciallv, hardness and high tensile strength, 
lerefore, iron and silicon alone are usually Such alloys possess very valuable properties, 
jtimated. For the iron, the metal is dis* the ultimate stress of the 90 p.c. alloy being 
lived in caustic soda, and this solution on 38 tons to the sq. inch, and they have the 
lidulation with sulphuric acid yields sulphates further valuable property of being practically 
■ alumina and iron which rodissolve in the acid, noncorrodible by sea- water ; this property is 
hilst the presence of copper is indicated by the also shown very markedly by bronzes containing 
)pearance of a black residue. The amount of manganese. These bronzes in hardness and 
on is finally determined by titration with tensile strength compare favourably with the 
otassium permanganate. For the silicon, the best steel, and are similarly aff^ted by temper- 
letal is mgested with hydrochloric acid in ing. The alloys high in aluminium and low in 
iresenoe of nitric acid (to avoid volatilisation of copper are also of great commercial value ; a 


silicon as chloride) foyning a turbid solution 
)winfl to the separation of the silica. This is ' 
then coiled down with sulphuric acid until white 
fumes of this acid appear. The aluminium and 
iron salts are thus converted into sulphak*, and 
rodissolve on digestion with water, the silica 
being left in suspension. 

After filtration and washing, the silica is 
strongly heated and weighed. Copper may be 
estimated as sulphide, or the black residue above 
mentioned may bo dissolved and tlic copper 
estimated colonmotrically Tf the amount ot 
sodium is to be found, the metal must be dissolved 
in nitric acid, boiling acid of bO p.(!. strength 
being used. The solution is boiled down to 
dryness and exposed to a dull red heat so long 
as rod fumes appear. The roHidue is extracted 
with water, care being taken finally to remove 
all alumina or other metals precipitated by the 
ordinary reagents. Ultimately the sodium salt 
remaining may be converted into sulphate and 
weighed as such. For fuller details a paper by 
Seligmqun and Willott may bo consulted (Journ. 
Inst. Metals, vol. iii. p. 138). 

For general analytical details, the following 
sources of information may bo consulted ; 
Moissan (Corapt. rend. 121, 8,')!); (iouthifere 
(Analvet, 21, 270) ; Jean (Rev. (’him. Indust. 8, 
6) ; \Vithey (Journ. Inst. Metals, xv. 207). The 
b^ter qualities of commercial metal should not 
contain more than 0 6 p.c. of iron and silicon 
together, nor more than0'05 p.c. of sodium. Jt 
is, however, wry doubtful whether sodium is 
present in the metallic form. 

t AUoys . — The addition of quite small quanti- 
ties of aluminium to certain metals {c.g. copper 
and iron) has a profound effect in modifying the 
properties of these metals. Likewise the addi- 
tion of small quantities of certain metals {c.g. 
Pe, Mn, Si, &c.) to aluminium effects con- 
siderable change in the properties of this metal. 
The addition of 0*1 p.c. of aluminium to copper 
brings down its conductivity 23 pM. ; the 
addition of zinc, copper, nickel, iron, or man- 
ganese to aluminium is accompanied by con- 
idderable augmentation of the tensile strength. 
The alloys of aluminium may be classified into 
hiscmies, casting alloys, and rolling alloys, 
aoiMMrdinff to their properties. The true bronzes 
etnsist of copper and aluminium alone, but there 
are many binary (and ternary) alloys which 
contain metals other than cop^r and yet sufii- 
eutitly resemble bronze to be class^'d along with 
it Tnie bronzes proper chiefly employe are 
gold bronze, containing 3 to 5 p.c.'of aluminium ; 


bronze with 4 p.c. copper by rolling and drawing 
showed a steady increase in tensile strength 
from 9'() tons to 20 tons to the sq. inch. 

A small percentage of manganese increases the 
tensile strength of aluminium without affecting 
its ductility, but large proportions of man- 
ganese increase the strength and lessen the 
ductility. 

For further information reference may bo 
made to the eighth report of the Alloys Research 
Oommittco of the Inst. Mech. Engineers (Car-, 
penter and Edwards), and to the ninth report 
(Rosenhaj^i and Lajitsberry), and tenth report 
(Rosenhaiti and Archbuti), also to The Metal 
Industry, 1009, 180 (Hiorns); Schirraeister, 
J. >Soc. (hem. Ind. 191 0, 894 ; also J. du Pour 
Eloctriqiie, 1914, 700. The composition of 
otlier lironzea used industrially is given m the 
following table : — 



A1 Cu 1 Zn j Sn Ni 

Cr 

Hercules 



bronze 

2 05 33 i — i -- 

— 

Chromium 



bronze 

9576 ^4 — 1 — 1 — 

0*26 

Duralum 

79 ; 10* ' ~ 1 — , — 

— 

Partimum . 

88-7 1 6-8 i 4*5 — — 

— 

Grossmann’s 

i * 


alloy . 

87 8 — ‘6 I — 

— 

Argentan 

7 70 1 — — 23 

— 

Hercules 

! ! 


metal (No. 3) 

r5 61 37'6 — — 

i 


* Phosphorised copper. 


The aluminium alloy containing 29-60 p.c. 
of copper or nickel is brittle, as is the alloy with 
36 p.o. of manganese. 

BoUt n |7 A Koys.— Aluminium alloys, containing 
3 to 4 p.c, of oopper^'or 15 to 6 p.c. of nickel, 
roll well, as do many other alloys containing 
copppr and zinc, the former in small q^uontitv, 
amounting to from 1 to 3 p.c., and the latter 10 
to 12 p.o., or even more. 

Magnulium consists of aluminium idloyed 
with 2 to 10 p.c. of magnesium. This aUoy it 
lighter than aluminium, and in strength and 
workability equal to good Jbfass. Dwohmin 
is a very important almy containing 3*5 to 5*6 
p.c. Cu, 0'5 to 0*8 p.o. of Mn, and 0*5 p.c. J%. 
An account of this alloy is to be found m toe 
discussion on Tenth Report of the Alloys |te* 
search Cbmmittqp ; also Met. Industry* Ifj^ 
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393 and 413 ; and Met. and Ohem. Sog 19IO» 
647. 

Casting alloys ar^so largely used, consisting 
most frequently of tauminium« zinc, and copper 
in varying proportions (Richards, Eng. and 
Mining Joum. 1908, 716). Magnalium admits 
of introduction with advantage of small quanti- 
ties of copper and nickel without unduly 
raising its specific gravity. The tensile strength 
and hardness of these alloys are considerable, and 
they are said to be resistant to atmospheric 
corrosion (Barnett, J. Soc. Chem. Ind. 1905, 
832). Taps, tuyeres, and the like arc made 
from an alloy composed of aluminium, to which 
12 p.c. Cd, 6 p.c. Cu, 5 p.c. Sn, 2 p.c. Ni arc 
added. Pedestals are also made of aluminium, 
containing 14 p.c. Sb, 1 2 p.c. Cu, 12 p.c. Sn, 
37 p.c. Zn, and 0*8 p.c. Pb ; copper, with 10 p.c. 
A1 and 1 p.c. Mn, is an excellent hard alloy for 
bearing metal or tool steel; horse-shoes are 
made from a ternary alloy of aluminium con- 
taining either 12 p.c. Cu and 10 p.c. Zn, or 5 p.c. 
Cu and 10 p.c. Sn. Many alloys of aluminium 
resist acid corro.sion to a remarkable 
degree, and even if cooking utensils an^ made 
from an alumimum cojiper alloy, (jarpeiiter and 
Edwards have shown that \v hen corrosion does 
occur the copper is not dissolved out, and hcuco 
there is no danger of poisoning in using such > 
vessels, since the salts of aluminium have no 
toxic action. * • 

An improvement is effected by the addition 
of aluminium to brass. An alloy containing 
alumimum 2*5 p.c., copper 70 p.c., anc! zinc 
27*6 p.c., is said to show nearly double the 
tenacity and considerably more than double 
the elongation of ordinary cast brass. 

The presence of tin m aluminium renders it 
ftore fusible and brittle. According to Bourbouze 
(Compt. rend. 102, 1317), an alloy of aluminium 
100 and tin 10 is strong, easily worked, may be 
soldered as easily as brass, is whiter and loss 
affected by reagents than aluminium, and is 
very suitalile for parts of optical instrumoiits. 
Its sp.gr. iri 2*85. The addition of alummiura 
to tin increases its hardness and tenacity. The 
alloys containing 5, 7, and 9 p.c. of aluminium 
are all easily worked and soldered. A larger 
proportion of aluminium is liable to separate out 
on melting. 

Aluminium combines in all proportions with 
cadmium, forming malleable fusible alloys. 

Small quantities of silver increase the hardness 
and elasticity and lower the melting-point 
without rendering aluminium brittle. The alloy 
containing 4 p.c. silver has been used for the 
beams of delicn to chemical balances. When the 
addition exceeds 6 or 6 p.c, the metal becomes 
brittle ; the 60 p.c. all<^ is as hard as bronze, 
but very brittle. ‘ Tiers argent ’ consists of 1 
part sUver and 2 parts aluminium; it is of 
oonriderable hardness, and is used fo^ table- 
spoons, &o. The addition of 5 p.c, of aluminium 
to silver renders it as hard as standard silver 
and very permanent. 

The presence of aluminium in gold consider- 
ably alters its pioperties. The addition of 0*186 
p.c. Pf aluminium to pure gold increases the 
teQgjle strength from 7 tons to 8*87 tons per 
Square inch, a greater increase than is produced 

the same amount of any other metal (Koberts- 
jlusten, Boy. Soc. Bep. April, 1888; Chem, 


Nows, 1888, T. 67, p. 183). With 1 p.o. alu- 
minium the gold has the colour of * green ^old,* 
is hard but easy to work ; Udth 6 p.o. olummium 
it is white and extremely brittle, and with 10 p.c. 
white, brittle, and crystalline. Aluminium con- 
taining 10 p.c. of gold is wliite and hard. 

The malleability of aluminium is nqt much 
impaired by the audition of f|:old, silver, or tin^ 
but the presence of excessive amounts of iron, 
and especially of silicon, is very injurious. 

The alloys of aluminium and silicon appear 
to form a simple eutojliferous series, the smoon 
branch of the curve exhibiting no singularity 
whatever (Fraenkel, Zeitsch, snore. * Chem, 
1908, 58, 154). These rosiilts have been oon- 
fiririod by Roberts (Chom. 8oc. Trans. 1914, 106, 
1383). That no compound is formed is sup- 

E orted by the fact that no silicon hydride can 
e detected when Uie alloys are dis^lved m 
acids ; the silicon, as appears from a microscopic 
study of the structure of the alloys, crystallises 
in plates arranged in ti vo- or six-rayed stars. 

The presence of silicon renders aluminium 
brittle and much less permanent. 

With mm the alloys are of especial interest. 
The picsence of a (jiiantity of iron is very 
injurious ; it reiideis the aluminiuin crystalline, 
and raises melting-point. The alloy con- 
taining 5 p.c. of iron is hard and brittle ; with 
8 p.c. the alloy crystallises m needles, and on 
heating separates into a more liquid alloy con- 
taining but little iron and a skeleton very rich 
in that metal. Miclicl (Annalen, 116, 102) has 
prepared an alloy whicli crystallisos in six-sided 
prisms, corresponding to AljFe. A beautifully 
crystalline siiWlaiu-o having the composition 
Al^Fe is often found in the neighbourhood of 
the cathode of a reduction furnace. 

The valuable properties imparted to iron and 
steel by the presence of a small quantity of 
aluminium have long been known ; • Faraday* 
(Quarterly Journ, Roy. Inst. 1819, 290) found 
from 0*013 to-O-OOO p.c. of alumimum in certain 
samples of Bombay wootz, though it has b^n 
shown by Henry and others that this metal is 
not always present. About the same time 
S. B. Rogers showed tha presence of aluminium 
in some of the best quality of pig-iron madc^ in 
l8outh Wales, and found that a steel to which 
0*8 p.c. of aluminium had been added in the form 
of an alloy with iron, was rendered harder and 
stronger and resembled the best wootz (Rogers, 
Metallurgy, 1858, 14). A superior steel wa» 
prepared by Sir (Jharles Knowles, which wa$ 
stated to owe its value to the use of kwlin andcon- 
I sequent introduction of aluminium into the met^ 

' in its preparation (.Mining Journal, 1859, 118). 
Messrs. Cowles Bros, liave exhibited a Sie* 
mens-Martin basic steel containing 0*2 p.c. 
aluminium* which welds with iron and shows po 
mark at the junction. 

The addition of aluminium to iron or steel 
for the production of ‘ mitis castings ’ has boon 
patented by P. Ostberg (Engineering, 1886, 3(»)., 
Iron and steel, especially at temperatures ter 
above the melting-point, absorb consideraiw 
quantitief. of gas, which impah*s the value of the 
castings. The addition of 0*06 or 0*1 p.e. of 
alumimum to the fusdti iron or steel lowers the,, 
melting-point, prevents the absolution of gas, 
and considerably increases the fluidity. The 
metal can then be easily cost. 
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Nickel and aluminium combine with inoan* 
desoenoa when heated together. The presence 
of under 3 p.c. of nickel lowers the melting-point 
and increases the hardness and elasticity. 

Pure aluminium combines with mercury, 
although not readily, when the metals are 
heated together in an inert gas BU(^h as carbonic 
anhydride. The tfl'o metals combme rapidly in 
presence of alkalis. The amalgam may also be 
produced by electrolysis of mercuric nitrate, 
using a negative plate of aluminium dipping in 
mercury. When aluminium is rubbed with 
wash leather impregnated with mercury, com- 
bination occurs ; the, surface rapidly oxidises and 
becomes heated, with formation of concre- 
tions of alumina {Jehn and Ilinze, Ber. 7, 


1498). , ^ 

Alloys of bismuth with aluminium are hard 
and brittle. With untimonif and leiid aluminium 
does not unite, althoftgh traces of lead are fre- 
quently present in commercial alununium. 

Smium unites readily with aluminium. The 
last traces of sodium are difficult to remove, 
especially, it is said, when the metal has been 
reduced from cryolite. The alloys are easily 
attacked by moisture, and bum in the air, with 
oxidation both of the aluminium and sodium ; 
that containing 2 p.c. of sodium decomposes 
water with ease. The necessity of avoiding 
the presence of sodium in the preparation of 
aluminium is therefore obvious. 

Aluminium also unites with manganese ; with 
platinum it unites easily, forming fusible alloys. 
With boron aluminium combines in varying 
proportions. The so-called ‘ adamantine ’ and 
‘graphitic ’ boron appear to be borides of alumi- 
nium (Hampe, Annalen, 1876, 75 ; and Beville 
and Wohler, ibid. 1807, 208) {v. Borow). 

Mallet (Ohem. Soc.^Trans. 1870, ii. 350) has 
prepared a nitride of aluminium in small crystals 
ham endugh to scratch glass. It may be 
obtained in colourless hexagonal needles of the 
composition AIN by direct umon of its elements 
at 820®. It forms ammonia when fused with 
potassium hydroxide, or by boating with sul- 
phuilo acid. Alcohol forms triethylamme at 
230®. Fichter and Spengel (Zcitsch. anorg. 
Ohem. 1913, 82, 192). It dissociates in nitrogen 
at atmospheric pressure at about 1 860”. When 
heated in nitrogen at a pressure of 4 '3 atmoa. it 
melts at 2160“-2200® (Wolfi, Zeitsch. anorg. 
Ohem. 1914, 87, 120). t.- u i 

For further information, «ce J. W. Richards, 
AliitniniiiTn and its Alloys, London. 

Aluminium oxide, Alufnina, AlgOs. 
Aluminium forms only one oxide, AI2O3, cor- 
responding to end isomorphouB with the ses- 
qumsides of iron and chromium. 

This oxide occurs native, colourless as 
hyaUnkt corundum ; or coloured by n^etallic 
oxides, as ruby, sapphire^ oriental topaz, &c. {q-vX 
Very impure, dark, and usually associated with 
msgnetite and hcematUe, it 0001^8 in large 
bomdara in many districts, and is used as a 
glinding and polishing material in the form of 
emtry {q.v. ). The native oxide crystallises in the 
rhombAedral system; in hardness it comes 
jiext to the diamond. ^ The finely coloured 
VpecimehB exe used as gems. It dmost 

in considerable quantities in the Alleghames 
m Northern Georgia. t 

it ,may be prepared by the «igmtion 01 


aluminium foil in air or oxygen ; the oxide so 
produced is fused and as hard as corundum. 

Alundum is fused aiumbia, a product made 
up into ellectrical furnace cores, crucibles, bricks 
and tubes where high refractory properties are 
of value. It withstands 2000®, and has a linear 
expansion of 0*0000078, a specific heat of 0*196 ; 
at high temperatures (over 1600®) it has a low 
electrical resistance. It is, however, inapplic- 
able to use in some directions owing to its 
porosity. 

Amorphous alumina may be produced by 
ignition of the precipitated hydrate,' pure alu- 
minium sulphate or ammonia alum ; in either 
case aluinina alone is left. r 

It is white and soft, but becomes hard on 
strong ignition. According to H. Rose (Pogg, 
Ann. 74, 430) tlio sp.gr. of the oxide a^r 
heating over a spirit-lamp is 3*726 ; its density 
may be raised to 4, just aoout that of corundum 
by heating in a porcelain furnace, but it still 
remains amorphous, ft is remarkable that 
though the density of the artificially prepared 
alumina is nearly 4, its bulk density may be less 
than one-fifth oi this. With a somewhat lower 
density the bulk density is higher, but is still 
such that it occupies a larger bulk than the 
I same weight of water. 

When heated by the oxyhydrogen blow-pipe, 
alumina melts at 20^0® and crystallises ; the 
addition of chromium oxide or a chromate 
imparts a ruby colour to the crystals. 

Fremy and Verneuil (CVimpt. rend, 1888, 
666) have prepared artificial rubies by heating 
to redness a mixture of barium fluoride and 
alumina containing a trace of potassium dichro- 
mate. 'J'he heat requires careful management. 
Fine rubies are thus formed in a friable matrix 
which may be separated by agitation with water 
By former methods the matrix was hard and 
difficult to remove (Fremy and Feil, Compt. 
rend. 1877, 1029, and 1887, 737). The crystals 
contain no barium, easily scratch the topaz, and 
possess the form and properties of natural rubies ; 
their crystalline form has been determined by 
Descloisoaux (Compt. rend. 1888, 667). By the 
addition of a little cobalt oxide before th© fusion, 
sapphires may be produced. 

Alumina is soluble, when strongly heated, in 
boric acid ; the latter may be driven off at a 
very high temperatures, leaving crystalline 
alumina. By the addition of the proper oxide 
the corresponding spinels may be produced, 
coloured by cobalt oxide (blue), chromium oxide 
(red), iron oxide (black), (Ebelmen, Ann. Chim. 
Phys. 3, 22, 211 and 33, 34). Only two hydroxides 
of aluminium are known, viiz. : AljOajHjO and 
Al203,3Ha0. By Graham’s method an aaueous 
solution of the hydroxide) may be obtainra. 

When the hydroxide is freshly precipitated 
it dissolves readily in dilute acids, out on 
standinjg, or after filtration, solution is more 
difficult, and is best achieved by a mixtere 
of 8 parts of sulphuric acid and 3 parts of 
water. When heated, the hydroxide loses its 
water, undergoing a contraction of about 30 
p.c. in bulk as it passes into the form ol the 
anhydrous oxide. 

When boiled with water oontalnmg a drem 
of a 1 p.o. solution of alizarin, the hydroxide 
assumes a bright red colour, not removed by a 
! weak solution of acetic acid. * 
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TUb tcfi ecuiU^ distiofuiahes it from gelatin< 
ous silioa. Alnrainium oydroxide possesses a 
powerful afiSfiity fo]|^many organic substances, 
and enters into association witn a large' number 
of colouring matters, precipitating them entirely 
as laheH. On this property depends the use of 
alum mordants (red liquor, &o.). They pre- 
cipitate the hydroxide upon the fibre of the 
goods to be dyed, and this constitutes the 
mor(Uint or fixing agent which retains the colour. 

Sodium aluminate AljO^-SNajO or AlgfNaO),. 
This salt is now prepared on a large scale, both 
to be used as such and as an intermediate pro- 
duct in the preparation of the sulphate and other 
salts of alumin(^m. , 

Its formation depends upon the property i 
possessed by alumina of acting as an acid in pre- > 
senoe of a powerful base. 

Its preparation from bauxite has already 
been described. It may also be piodjictd by 
passing a current of steam through a heated 
mixture of bauxite and common salt, and by 
strongly heating a mixture of bauxite, sodium 
sulphate, and carbon, but in the latter case its 
purification from the sodium sulphide simul- 1 
taneously produced is difficult. It is also formed 
in the preparation of soda from cryolite. Accord- 
ing to Thomsen’s method, powdered cryolite is 
heated to redness with (ihalk, forming sodium 
aluminate and calcium fluoride : — 
AljF,-6NaF+6CaC03=Al2(^'Ja0)e+60^F2+6C0a'' 
The mass produced is lixiviated with water and 
filtered. Brom this aluminate the hydroxide is 
precipitated by carbon dioxide with formation 
of sodium^ carbonate : — 

Al,(Na0),+3C0,+3H20=Al2(0H)j-f3Na2C0, 


The hydroxide is usually made into aluminium 
Billlphate by solution in sulphuric acid, or it u 
converted mto alum. 

An entirely different process has been intro 
duced by Sauer woin. The finely powdered cryolite 
is boiled with milk of lime forming aluminate as 

" - 

AliF,-6NaF+6CaO=Al2(NaO)a4-6CaF2. 


For the conversion of the aluminate into oxide 


Sauerwein applies a peculiar property possessed 
by that salt, which shows the readiness with 
which alumina loses its acid properties and again 
becomes basic. Sodium aluminate, when mixed 
in equivalent proportions with any haloid salt of 
aluminium, is decomposed ; the sodium combines 
with the hdogen, while the whole of the alumi- 
nium is precipitated as hydroxide. On the large 
scale the haloid salt used is cryolite. The finely 


powdered mineral is stirred into the clear liquid 
nom the previous operation, and the alumina 
precipitate as hydroxide : — 
Al,(Na0),+Al,r.-6N»I'!i-6H,0 

=2Al,(Olf),fl2N»F. 


Sodium aluminate is a white, infusible, 
amorphous solid, easily soluble in both cold and 
hot water. The concentrated solution rapidly 
deposits alumina, leaving in solution a basio 
aluminate, which on evaporation is obtained as 
a fusible and hygroscopic mass. The addition 
of any aoid at (moe decomposes it with precipita- 
tbQ of alumina. This alumina is pure and free 
from alkali, which is never the ease when alkaline 
preoipitmitB have been used. It may be employed 
as a mordant in dyeing and calico-printing, in 


an aoid and no^ aa in the oaae of alum* an 
alkaline bath, lor the produotion of loitw the 
colouring matter is mixed with, the aluminate 
solution and precipitated by the addition of sul- 
phuiic acid. According to Morin these lakes 
are richer than those obteined from alum and are 
produced at ^out one half the cost. 

Potassium aluminate Al,0^’'3KsO or A1,(£0)« 
is obtained in hard glistening orystals when 
alumina is fused with potash, the mass boiled 
in water and the solution evaporated in vacud* 

Aluminium chloride AlgCl^ This compound ^ 
was first prepared in 1824 by Oersted, by paasina 
chlorine over a mixture of alumina and onarooiu 
heated to redness. The method and apparatus 
resemble that used in the preparation of the 
double chloride, omitting the sodium chloride. 

According to P. Curie (Chem, Nows, 28, 307) 
it may be easily prepared as follows: — Anhy- 
drous alumina, or, loss satisfactorily, clay, is 
strongly heated in a tube and subjected to a, 
current of hydrochloric aoid impregnated with 
carbon disulphide by bubbling through that 
liquid. Aluminium sulphide appears to be 
formed and at once decomposed by the hydro- 
chloric acid, yielding aluminium chloride and 
sulphuretted hydrogen. The condensed chloride 
may bo freed-from sulphur by distillation with 
iron filings. 

A solution of the chloride may be obtained 
by dissolving the hydroxide in hydroohlorio acid. 

The pure anhydirous chloride is a white, waxy, 
crystalline solid ; in presence of a trace of iron 
it boijomes yellowish. On heating, it volatilises 
without fusion. If large pieces be quickly heated 
they fuse and boil at 180^ to 185® (Liebig). It 
is very hygroscppic, and evolves hydrochloric 
acid on exposure to the air ; is easily soluble in 
water ; soluble in alcohol and etner. When 
deposited from a solution in hydroohlorio aoid, 
it forms crystals of the formula AlsCl|,'i 2 H 20 . 

It absorbs ammonia and combines with 
many metallic chlorides, forming double chlor- 
ides, the most important being that with sodium. 
Aluminium chloride has been recommended by 
Filsinger (Chem. Zentr. 10, 1270) for the preserva- 
tion of wood, and by Sa^t (Chem. News. 46, 113) 
and others (J. Soc. Chem. Ind. 1882, 186 and 
230) for the production of a discharge on indigo 
blue. An impure chloride containing calcium 
and sodium salts is stated to be largely used as a 
disinfectant under the name ‘ Chloralum.* 

Double chloride of aluminium and sodium 

iVl2Cla,2NaCl. This compound may be |)iro- 
duced by fusing together the proper proportions 
of aluminium and sodium chlorides. It is a 
colourless crystalline solid, melting at 186* 
(Dcville) and volatilising at a red heat.* It 
is slightly hygroscopic, but much less so than 
aluminj,um chloride ; it is also more stable 
and more satisfactory in use than that sub- 
stance, and gives up nearly the whole of its 
aluminium when reduced by sodium. 

Aluminium bromide AlsBr, is most readily 
prepared by the action of bromine on metallic 
aluminium. The action is violent, and the metal 
should only be added gradually. A lump of 
aluminium weighing twenty grams becomes 
strongly heated and even fused ou being plsiDed t 
in cold bromine (Mallet, Phil. Trans. 171, 1018). 

It may oleo be prepared by the action of 
bromine on a,jstrongly heated mixture of alumimt., 



m 


ALtJMINiPM. 


md oarboUf and, ia solation, by ditMolving the 
hydroxide in hydrobromio acid. It ciyoitalliseB in 
Oolonrless ahining laroinae, which melt at 93* 
{DevUle and Troost) and boil at 263*3® (at 747 
mm.) (Mallet). 

like the chloride, it forms a double bromide, 
Al,Br^2KBr. - 

Aloininium iodide AIJ^ may be prepared by 
heating aluminium with iodine in a closed tube. 
It melts at about 186® (Weber) and boils at 
360* (Deville and Troost) ; its vapour is com- 
bustible. It dissolves in water, alcohol, and 
oarbon disulphide. 

Aluminium fliaoiide AljF^, may be prepared 
by the action of gaseous silicon fluoride, or of 
hydrofluoric acid upon aluminium. It forms 
transparent rhombohodra, volatile at a red beat, 
insoluble in water and unacted upon by acids. 
In solution in hydrofluoric acid, it appears to 
form the compound Al.jFg'liHF, the acid cor- 
responding to the double fluoride of aluminium 
ana sodium. 

Cryolite AijFg-GNaF. This important com- 
pound may be prepared artificially, and attempts 
have been made to produce it as a substitute for 
the natural cryolite, it being claimed that 
the artifleial cryolite possesses the i^d vantage 
of being lighter and melting at a lower tem- 
perature (J. Soc. Cliem. Ind. 1890, 045). In 
recent years, however, artificial cryolite has been 

S ut on the market which presents no essential 
ifforence either in composition or properties 
from natural cryolite. Natural cryolite occurs in 
quantity only m one locality, in a largo vein in 
the gneiss at Ivigtui in Greenland. Greenland 
cryolite has the following composition : Al 13*2, 
Na 32*7, F 54*2, and small quantities of silica. 
The melting-point of mixtures of cryolite and 
alumina is said to be-c 


part, Zeitsoh. anoig. Ohem. 1011, 71, 182). It 
18 readily hydrolysed by water. Houdard 
(Compt. rend. 1907, 801) fcfnd that by heating 
alumimum turnings and sulphides of manganese 
iron and chromium in a carbon boat, sulphides 
related to the spinels are formed, of which he 
prepared 

MnS,Al2S3, FeS,AljS3, CrS,Al3S8 
Aluminium carbide AI4C3 may be obtained 
by the action of carbon or the oxides of carbon 
on alumina at very high temperatures, and often 
occurs in small quantity contaminated with 
nitride in the neighbourhood of the cathode 
of aluminium reduction furnace^ in the form 
of a yellow powder ; it is formed when a 
mixture of alumina and carbon is submitted 
to a current of 300 amperes at 66 volts. 
It possesses the remarkable property of being 
stable at high temperatures, and yet undergoing 
decomposition at a dull red heat. It reacts, 
though somewhat slowly, with water or dilute 
acids with the production of methane. The 
formation of carbide and ultimately its decom- 
position has been proposed as a means of pre- 
paring alumina from clay or other crude materials. 
Friiig ((!heni. 80c, Trans. 1905, 1530) found 
t hat up to 1400° 0. the carbide acts as a reducing 
agent on metallic oxides, 

Al^Gsf 12M0=:-JAl208-f3C02+12M 
but at higher temperatures alloys of aluminium 
and the metal are produced, only carbon being 
oxidised, 

Al4C8-f3CuO=Al4(3u3+3CO 

owing to the fact that alumina can be reduced 
by carbon at very high temperatures ; at lower 
temperatures the aluminium is oxidised by 
carbomc oxide as observed by Moissan, 


c Cryolite 

lOOO® 

With 3 p.c. AI0O3 . 

. 974° 

„ C p.c. „ 

. 9(50° 

,, 10 p.c. ,, • 

. 980° 

„ 16 p.c. „ 

. 994° 

„ 20 p.c. „ 

. 1015° 


(Ohem. Soo. Abst. 1907, 400; also Chem. Soc. 
Abet. 1913, 508). 

It is a semi-transparent, white, crystalline, 
brittle solid, which molts at the edges in a candle 
flame. Its hardness is 2*5 to 3 ; its sp.gr. 2 •96, 
2*21 in the fused state. When impure it is 
frequently yellowish-red or even black (v. 
Cbyolite). 

Cryolite is used as a flux in the manufacture 
of Aluminium ; formerly for making salts of 
sodium and aluminium ; and for the manufac- 
ture of an opaque, porcclain-likc glass. It is 
also used for enamellmg pans and as a glaze for 
TOts as replacing lead glaze. {See ^rther, 
^nzon, Hoffmann’s Ber. Entw. Chem. Ind. 
[13660).) 

* Aluminium sulphide AlgSg, may bo prepared 
•4»y strongly heating a mixture of aluminium 
and sulfur, or by heating alumina to bright 
redness in the vapour of carbon disulphide. 
It a yellow, glassy mass, which fuses 

at 1100®, and burns m g»ir with production of 
' ^uid sulphur *^ioxide. It may be 

nuiified by sublimation in a vacuum at 1100°-- 
^ aiMi then forms white needles resembling 

wINbestos of sp.gr. 2*02 13®/13® (BUtz and Cas- 


6Al-f3C0-”Al4C3+Ala08 
the reaction being reversed at the higher tem- 
peratures. 

Aluminium sulphate AlgO, (803)3, 18H,0 or 
Al4(S04)j,18H,0. Aluminium sulphate occurs 
I naturally in considerable quantities. As the 
hydrated salt of the above composition, it 
forms the chief constituent of the mineral 
alwwgen, halotrichite, feather alum, or hair salt, 
which is found in volcanic districts, at Bilin in 
Bohemia, Copiapo in Chile, &c. It also occurs 
in pyritio shaie. A sample of feather cdum from 
Fnesdorf, Bonn, was found by Rose to contain 
Al8(;)3 14*9 p.c., SO, 37*4 p.c., FoO 2*6 p.o,, 
46*2 p.c., with traces of K, Na, Mg, and 

vSiO,. 

Aluminite or wehsterite, a hydrated basic salt 
of the composition AlgOaSO^PHaO, has been 
found at Auteuil, Halli^ Muhlhausen, &o. 

Jn combination with potassium sulphate, the 
basio salt occurs also in alunite, alumstoWt ^ 
alum rick K2S04,3Al30a(S03),6H30, a mineral 
which is found in large (piantities at La I^Ua 
near Civita Veochia, m Hungary, at P^-de- 
Sanoy and Madriat in Auvergne, New (South 
Wale.H, Kyoquot Sound (Canada), and in mAny 
other localities. It usually occurs in fibrous 
compact masses in trachyte, of colour raxpag 
from white to red or brown, being produced by 
the action of sulphurous gases upon tiraoh|$diii 
rocks rich in felspar. 

The alunito from La .Tolfa ooidAcQi Irma 
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to 17*5 p.o. alumina; the average 
composition of the mineral is AliO. 27*6 p.a, 
SO* 29*74 p.c., KfO 7*66 p.o., Fe,0, 1«2 p.o., 
SiO, 22*7 p.o., HjO 11-2 p.o. 

Aluminium sulphate may be produced by 
dissolving either the hydrated oxide or the 
silicate in sulphuric acid. Of the raw materials 
available for its manufacture, the two which 
aj*e of the greatest importance at the present 
time are china clay (kaolin) and bauxite. China 
clay is a very pure variety of clay, resulting 
from the natural decomposition of felspar, and 
approximating in composition to the formula 
Ai,0s,2Si0j,2H20. It is of comparatively rare 
occurrence, being found chiefly in Devon and 
Cornwall in England ; at ot. Yrieix near 
Limoges, and in the departments of AUier, 
Puy-&-I)ome, and Brittany, in France ; at 
Seuitz in Saxony ; and at Nassau in Bavaria. 

Bauxite is an impure nluminium hydroxide 
ALOa,2HaO, containmg widely varying quan- 
tities of silica and feme oxide. It is found in 
Ireland, ift the south of France, and in Austria, 
Calabria, Senegal, &c. {v. Bauxite). 

The composition of typical commercial grades 
of the two minerals is given in the following 
table, the analyses having been made on 
material dried at 100°: — 


Source 

China Elay 

Bauxite 

St.Stophen’s 

St. Austell 

Antrim 

Prance 


A1,0, ' 

40*16 

41*10 

41 08 

64*18 

Fo,0, 

0*36 

0*20 

3*21 

3*47 

SiO, 

TiO, 

46 00 

46*20 

)33-17 

18*96 

K,04-Na,0 

0*80 

truce 

— 

— 

H|0 (comb.) 

13*70 

12*60 

22*64 

13*39 

Total 

100*00 

100*00 

100*00 

100*00 


Production of aluminium sulphate from china 
day. — At the present time the manufacture of 
aluminium sulphate from china clay is carried 
out on an extensive scale by a process based 
upon the original patent of Pochin (Pat. 1856, 
14666). The clay, containing about 40 p.o. 
alumina, is obtained from Cornwall, and is 
selected as free as possible from grit and oxide 
of iron. It is reduced by milling and sifting 
to the finest possible state of division, and after 
a preliminary, drying by exposure to a warm 
atmosphere, is calcined at a dull -red heat in a 
reverberatory furnace. The furnace is provided 
with three working dbors, the material being 
introduced by the door which is most jemote 
from the firegrate, and gradually rake^ forward 
until it reaches the hottest part of the hearth. 
Ihiring the calcination the clay suffers a loss in 
weight amounting to from 20 to 25 p.c., due to the 
exp^ion of the whole of the moisture present 
(10 to 16 p.o.) and of the greater part of the 
water of hydration. 

The calcined clay, which still contains about 
2 p.a, of water, is transferred by means of iron 
tu^ to a lead-lined wooden vat containing 
^ zequuite quantity of sulphuric acid, heated 
to A temperature of and having a strength 


at this temperature of 96° Xw. A vigorous 
reaction Immediately takes place, and amr the 
lapse of 16 minute^ during which period the 
contents of the vat are kept well Mitated, the 
product is run into lead-lined woodm waf^ons 
(with removable sides), in which the reaction 
continues for a considerably time and' the pasty 
moss gradually solidifies. Finally the solid 
block is brought under a heavy mechanical knife, 
and by a combined cutting and crushing action 
is reduced to the state of a coarse powder. 

The product, which is brought on the market 
under the name of ‘ alum cake,’ contains the 
whole of the silica, iron, 'and other impurities 
present in the clay, its average compoeition 
being : Al^Og (soluble) 12*26 to 13*0 p.o., 
Fe^Og 0*12 to 0*22 p.c. ; combined SO, 29*6 to 
31*8 p.c., free SOj 0*4 to 1*0 p.o.; insoluble 
matter 20*0 to 26*/> p.c. 

About 60 p.c. of the alumina present in the 
china clay is converted into sulphate. 

The commercial ‘ whit6 sulphate of alumina ’ 
is prepared from alum cake in the following 
manner: The coarsely crushed alum oske is 
lixiviated with water (or with weak liquors from 
previous extractions) in lead-lined vats heated by 
live steam ; after settling, the clear solution is 
decanted by moans’ of a hinged pipe, and run 
into lead-lined evaporators, heated by steam 
coils, whore it is concentrated to a strength of 
112°T\v. at the bojling-point (about 116*). 
The syrupy liquid is then run into a series of 
shallow tiled troughs, where it solidifies on 
cooling. Before solidification occurs, a number 
of leaden partitions are inserted in the troughs, 
and the product is thus obtained in the form ol 
rectangular blocks of uniform size (24" X 9" X 6"). 
‘ "Whito sulphate of alumina,* prepared by the 
above process, contain^ on an average about 
14 p.c. of alumina and 0*26 p.o, of ferric oxide, 
and is practically free from insoluble matter. 
Another grade of the material is prepared 
oontaining 17*5 p.o. alumina. 

Preparation of aluminium sviphaie from 
bauxite.— The substitution of bauxite for china 
clay in the manufaotye of aluminium sulphate 
was proposed by Le^atelier in 1868, and its 
treatment forms the subject-matter of numerous 
patents. Bauxite has the advantage over china 
; clay that it is more readily soluble in acid, and 
needs no preliminary calcination, the chief 
drawback to its use being the presence of a 
comparatively large amount of iron. ♦ 

The treatment of bauxite for the preparation 
of * alumino-fcrric cake,’ as patented by Messn. 
P. and F. M. Spence (1876), is as follows The 
mineral is digested with dilute sulphuric acid 
with the aid of steam until the acid is neu- 
tralised ; the insoluble matter allowed to sub- 
side, ..and the solution evaporated to 116®Tw. 
and run into shallow-partitioned lead coolers. 
It there solidifies, and is removed in blocks 
18 or 20 inches square, each weighing about 
1 owt. It is yellowish-CTeen in colour, eon- 
tains much alumina, and a small proportion 
of iron and free acid, lb is used in the prepa- 
ration of all but the finest papers, in the pre- 
cipitation of sewage « and refuse liquids, ana in 
the clarification and decolourisation of vrateV 
supplies. » The following analysis shows its 
general composition : AlgOa 14*26 p.O. (ockiXPt 
spending to^AltOsSSO, 47*61 p.o. ), FoiO) 0*K 
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B 0 Q 0^32 p.o., SO| (combined) 36 36 p.o., SO, 
(tme) 0*46 p.o. Insoluble 0*06 p.o. 

Ine commercial sulphate of alumina which 
is sold under the names of ‘ concentrated alum * 
and ‘ alferite,' resembles alumino-ferric in com- 
position, and is prej)ared by a similar process. 
The following dettyils concerning its manu- 
facture will serve to exemplify modem prac- 
tice. 

As raw material, it is usual to employ a mix- 
ture of Irish and French bauxites, reduced by 
means of disintegrators to the state of a coarse 
powder. The powdered mineral is conveyed by 
means of an elevator to a lead-lined vat contain- 
ing sulphuric acid, heated to its boiling-point 
(about 126*), and having a strength, at this 
temperature, of 70®Tw. The mixture of acid 
and bauxite is boiled vigorously for 6 hours, 
after which it is diluted with weak liquors to 
70*Tw. (measured at the boiling-point) and 
allowed to settle. The clear liquor is decanted 
and evaporated in lead-lined vessels until its 
density reaches 112®Tw. (boiling). It is then 
run into partitioned coolers where it solidifies, 
forming blocks or slabs, containing on an average 
13*8 p.c. alumina, 0-7 p.c. ferric oxide, and 0-1 
p.c. insoluble matter. 

If French bauxite be used alone in the above 
process, great difficulty is experienced in the 
clarification of the liquor ; with a mixture of 
Irish and French bauxites, however, rapid 
settling occurs, and a perfectly clear liquor is 
readily obtained. It is of importance also, in 
this connection, that the liquor should retain a 
small amount of free acid, as the fully neutralised 
solution settles very slowly. 

Sulphate of alumina prepared by any of 
the above processes alw'ays contains appreciable 
quantities of iron, anej the removal of this 
impurity is a problem of considerable impor- 
tance, and one which has received the attention 
of many chemists. Numerous processes have 
been devised for the purpose, but it is doubt- 
ful if any of these is satisfactory in works’ 
praotioe. 

Newlande (Eng. Pat. 1880, 6287) evaporates 
a crude solution of the sulphate to a density of 
67*Tw. (at 200®F.) and cools for twenty-four 
hours in leaden tanks. 

About 60 p.c. of the sulphate thus crystallises 
out. ^The liquid is drained off, and the residue 
pumpod or forced into lead-lined filter presses, 
the pafAs of which are covered with thick felt, 
, and separated by metal rings. Here it is sub- 
jected to a pressure of about 200 lbs. to the 
square inch. The hard cake so produced 
'teontains about 67 p.c. of the total aluminium 
sulphate, and 0*06 to 0*1 p.c. of iron. 'Ibe 
mother liquor, evaporated and similarly treated, 
yidds a second and third crop of cryetals 
containing increasing quantities of iron. 

I2iadwiok and Kynaston have patented a 
hMkhI for .the removal of iron from bauxite 
before converting the latter into aluminium 
sulphate. The powdered mineral is mixed to a 
thich cream with water, and treated with 6 to 
tb p.6, of oxalic acid and sufifioient hydrochloric 
acid to j^vent the foripation of insoluble 
• otaktos. After seven to ten days the mass is 
H^hea, and a large proportion of Vhe iron 
(te^ether with some of the alumina) is thus 
' is^red as oxalate. • 


Condy, in 1877, proposed the reduction of 
the iron reducing agents, or its conversion 
into sulphide by sulphuretted h}[drocen, and 
the removal of we metal or sulphide by dilute 
acid. The proportion of iron may thus be re- 
duced to one-third. 

Weismann suggested the precipitation of 
the iron from aluminium sulphate liquors by 
means of potassium ferrocyanide. The method 
is by no means satisfactory, as the precipitate 
contains much alumina and subsides very 
slowly. 

Kynaston precipitates the bulk of the iron 
os ferric arsenite, removing the last portions 
with calcium ferrocyanide, follo#vfcd by the 
addition of copper or zinc sulphate. 

According to Falilberg and Semper (Eng. 
Pat. 1881, 6679), both ferrous and ferric salts 
may be precipitated from aluminium sulphate 
by agitation in the cold for about thirty minutes 
with lead peroxide, ferrous salts being first 
oxidised and then precipitated. No lead passes 
into solution unless chlorides be present. The 
composition of the precipitate is not known, but 
the peroxide may bo regenerated by digestion in 
cold nitric acid. P. and F. M. Spence (Eng. Pat. 
1882, 3836) use manganese dioxide for the 
same purpose. In presence of reducing agents 
such as ferrous salts, &c., manganese passes 
into solution, and requires to be reprecipitated 
by addition m chlorine or a hypochlorite. 

The use of metantimonic acid and meta- 
stannic acid (Hood and Salamon) has also been 
proposed for the precipitation of iron. The iron 
is first oxidised by the addition of bleaching 
powder, and the liquid is neutralised with chalk 
and agitated with the precipitant. Both sub- 
stances may be regcneratccf by digesting the 
, precipitate with sulphuric acid. 

According to H, Spence, W. B. Llewellyn, 
and P. Spence and Sons (Eng. Pats. 23030, 1904 ; 
3805, 1912 ; 9148, 1914), the crude liquor, which 
must be basic and have all the iron in the ferric 
state, is treated with potassium sulphate and 
agitated for several hours at from 60° to 80° 
until most of the iron is precipitated as insoluble 
basic ferric sulphate, J. Boulton (Eng. Pat. 
20227, 1914) proposes to neutralise the free acid 
in and remove iron and other impurities from 
crude aluminium sulphate by immersing in the 
liquor a framework of magnetised steel wire 
with cross wires of copper holding zino rods in 
suspension. The process is carried out for six 
hours at 38°. 

(For further information regarding these pro- 
cesses, see Beveridge, J. Soc. Ghem. Ind. 1886, 
10-22; B. E. R. Newlands, ibid. 1882, 124; 
Kynaston, Chem. News, 40, 191 and 202.) 

Most of the above-mentioned processes for 
the purification of aluminium sulphate from iron 
possess Ijttle or no commercial significance at 
I the present time. ‘ Pure aluminium sulphate ’ 

I is prepared directly from pure alumina, wnich is 
obtained from French red bauxite by the 
* alkali fusion ’ process. The bauxite, after a 
preliminary roasting, is reduced to a fine powder, 
and mixed with soda ash in such proportions 
that for every molecule of AljOj mreaent there 
are 1 to 1*6 molecules of Na|^. The mixture 
is strongly heated in a reveroeratory furnace, 
with frequent stirring, for a period of five hours. 
Carbon dioxide is evolved and the alumina 
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and ferric oxide are converted into sodium 
aluminate and sodium ferrite respectively. 
The mass is iixivialod by suoc^ve extractions, 
first with weak liquor from 'previous batches, 
and finally with pure water. The sodium 
aluminate dissolves as such, whilst the sodium 
ferrite is decomposed, forming insoluble feiric 
oxide which remains in the exhausted residue, 
and caustic soda which passes into solution. 
The clear liquor is run into a boiler and saturated 
with carbon dioxide produced by the combus- 
tion of coke or by the decomposition of limestone. 
During the passage of the gas the contents of 
the boiler are heated to 70° C and kept thoroughly 
stirred by Aeans of an agitator. When the 

f )recipitation of the alumina is complete, the 
iquid is allowed to settle and the clear liquor 
decanted and concentrated for the recovery of 
the dissolved sodium carbonate, whilst the 
alumina is drained in a hydro-extractor. 

A cheaper process for obtaining the alumina 
from the sodium aluminate has bc'cn devised by 
Bayer, as already described. 

The alumina prepared by cither of the above 
processes yields by treatment with sulphuric 
acid, a very pure quality of aluminium sulphate. 
Two grades of the latter are commonly prepared 
for the English market — the one, sold in the 
form of slabs or blocks, contains 14*0 p.c. of 
alumina and 0*0025 p*,o. of ferric oxide, the 
other, sold in powder, contains 17*0-18*0 p.c. 
of alumina and 0*0040 p.c. of feme oxide. 

Aluminium sulphate crystallises with diffi- 
culty in thin, six-sided nacreous plates, con- 
taining 18 molecules of water and having a 
density of 1*0913 at 17° C. (Dewar). The 
following table of solubilities is given by Poggiale 
(Ann. Chira. Phys. [3] 8, 467) for the crystalline 
and anhydrous salts : — 



Solubility in 100 parts ot water 

Temp. °C. 

AL(S04)3 

Al2(S04)3,18H'20 

0 

31-3 

86-8 

10 

33-5 

95-8 

20 

36-1 

107*3 

30 

40-4 

127*6 

40 

45*7 

167*6 

50 

52*1 

201*4 

60 

59-1 

262*6 

70 

66*2 

348*2 

80 

73^1 

407*3 

90 

80*8 

078*8 

100 

89*1 

1132*0 


The addition of alcohol, in which aluminium 
sulphate is almost insoluble, to aqueous solutions 
of aluminium sulphate, facilitates the crystalli- 
sation of the salt (Persoz). , 

When heated, aluminium sulphate melts in 
its water of crystallisation, swells up, and gradu- 
ally forms a white porous mass of the anhydrous 
sulphate, which oidy dissolves slowly in water. 
At a red heat oxides of sulphur are expelled! 
and a residue of pure alumina remains. I 

Aluminium sulphate combines readily with 
the sulphates of the alkali metals, forming 
ctystailme double sulphates, known as alums, 
Wmoh we, as a rule, tsonsiderably less soluble 
than aluminium sulphate itself. According to| 


Eeuss (Ber. 17, 2888), the addition of I p.c, of 
otassium sulphate to a solution oemtaining 
p.c. or upwards of aluminium sulphate, at 
once produces a orystaUine precipitate qf alum. 

The general industrial uses of aluminium 
sulphate are the same as those of ordinary 
alum. It is largely used in^aper- making, water 
purification, and in the preparation of red liquor 
as a mordant. The coarser preparations are 
employed for the precipitation of sewage. 

Karl Rcuns (Ber. 17, 2888) gives the density 
of solutions of pure anhy<lrnu8 aluminium sul- 
phate as follows : — 


Per- 

Density at 

i Per- 

Density at 

centage 

15 O. 

j centage 

16"C. 

1 

1017* 

14 

M407 

2 

1 *027 

16 

M574 

3 

1*037 

16 

11668 

4 

1-047 

17 

M770 

6 

l-0,56n 

18 

M876 

6 

1 *0670 

19 

M971 

7 

1*0768 

20 

1*2074 

8 

1 -0870 

21 

1*2168 

9 

1 -0968 

22 

1*2274 

10 

~ 1*1071 

23 

1*2375 

11 

1.1171 

24 

1*2473 

12 

1*1270 

25 

1*2672 

13 

M369 




Per- 

Density at 

Density at 

Density at 

centage 

25 0. 

S5^C. 


6 

1*0503 

1*0450 

1*0360 

10 

1*1022 ^ 

1 *0960 

1*0860 

15 

1*1522 

1*1460 

1*1346 

20 

1*2004 

1 *1920 

M801 

25 

1*2483 

1*2407 

1*2296 


For further particulars regarding the manu- 
facture of aluminium sulphate, see The Mineral 
Industiy, iii. 25 ; and Manufacture of Alum 
and other Salts of Alumina, by L. Geschwind, 
Scott, Greenwood and Co., London. 

The production of aluminium sulphate, alum 
cake, alums and other aluminium compounds 
is carried out in large quantities in the United 
States. The total output of these products in 
1912 approached 160,000 tons, and rose^oteadily 
to 296,000 tons in 1917. 

For the detection of free acid in aluminium 
sulphate, a dilute solution of Congo red is 
useiul, becoming blue in presence of free , acid, 
but is not affected by the pure salt. 

For the estimation of the free acid, a weighed 
quantity (20 to 50 grams) of the sample is cUs- 
solved m 40 to 100 c.e. of water, the soluticm 
heated to boiling, and titrated with normal 
oaftstio soda until a drop of the liquid, taken out 
with a glass rod, fails to yield a blue colour when 
mixed with six drops of Congo red solution 
(prepared by dissolving 0*067 gram of Congo 
m 100 o.c. of boiling water and diluting to a 
litre). The preseneq oAron salts interferes with 
this method as ferric sulphate, for example, 
reacts aaid towards Congo red. 

T. J. I.. Craig (J. Soc. Chem. Ind. 1911, 184) 
proposes to determine the free acid iu aluminium 
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^ ii^ate by treating the latter with excess ot 
Ikentral potassium fluoride, whereby the double 
■alt AlFa’flKF is formed together with potassium 
sulphate. As these products are neutral to 
phenolphthalein, the free acid present may be 
mrectly titrated with a standard solution of 
potassium h 5 'droxidf*. 

Iron, in the ferrous condition, is estimated 
by titration with decinormal potassium per- 
manganate, and total iron by means of standard 
titonous chloride solution {v. Knecht and 
Hibbert, New Reduction Methods in Volumetric 
Analysis ; and Ber. 1903, 1560). If the quantity 
of iron present be very small, it is determined 
oolorimetrically {v. Alums). 

Several basic aluminium sulphates have been 
prepared. The compound Al 203 , 2 S 03 , 12 H 20 is 
obtained by heating a soh.’tion of aluminium 
sulphate with zinc, or by dissolving in it the 
calculated quantity of aluminium hydrate. 
Spence and Sons, Limited (D. R. P. 1903, 
167419), prepared a basic sulphate of similar 
composition by heating sulphuric acid under 
pressure with 16 to 30 p.c. more alumina than 
18 required for the formation of the normal salt. 
The solution is then treated with sufficient chalk 
or lime to raise the basicity by 20 to’ 28 p.c. 
The strongly basic solution is rapidly filtered and 
concentrated in vacu6 until its density reaches 
1*46. On cooling with agitation, a magma of 
crystals is formed and is separated by suit- 
able means from the mother- liquor which 
contains normal aluminium sulpliate (c/. 
also Eng. Pat. 1902, 26683, and Fr. Pat. 1903, 
331836). 

Aluminium sulphite Al 203 (S 0 a)a. 

The bisulpliite has been used by Becker 
(Dingl. poly. J. 267, 300), Suchomel (J. Soc. 
Chem. Ind, 1887, 143) and others, for the purifi- 
cation of beet sugars. Becker prepares for this 
purpose a solution of sp.gr. 1-107 containing 4*37 
p.c. alumina and 13*9 p.c. sulphurous oxide, by 
oissolving the hydrated oxide in sulphurous acid. 

Aluminium phosphates. As hydrated phos- 
phate, aluminium occurs in the turquoise., and 
enters into the composition of wavellite, lazu- 
lUe and gihhaiie. It is found in considerable 
quantity in mineral phosphates, as in the 
Redoncm phosphates which have been used for 
the preparation of alum and for fertilisers (v. 
Alvu^lS ; Manurks). a massive stony variety 
is fohnd on the island of Anguilla in the West 
Indies. 

. AljOinlnlum thiocyanate or sulphocyanate 
has been proposed as a substitute for aluminium 
aoetate for alizarin, steam reds, &c. ; the colours 
^^nsoduced a?e said to be especially permanent 
(0. Storoh and Strobel, Dingl. poly. J. 241, 464 ; 
and Gottlieb Stein, Dingl. poly. J. 250, 36). 

Lanber and Haussmann (Dingl. poly. J.*246, 
30^) recommend the following method oi prepara- 
6 kilos aluminium sulphate are dissolyed 
id 6 litres boiling water, 260 grams of chalk are 
addndf followed Dy 11*6 litre.s of crude calcium 
thiooyfanate solution of 80° Tw., and the whole 
jw^l Jtined and allowed to settle. The clear 
Mquid is ready for use. 

AJtamimum permanganale v. Mai^oanese. 

^Mipninium silieates. These compounds are 
cxeoemngly numerous and important. As an 
aiihi|rdrou8 siHcate, with silicate of irop, calcium, 
dMUpneflium, &c.. aluminium occurs in the 


varieties of yamef, omtdlialiig in the rogulai 
system. As silicate of aluminium, calcium, aaw 
sodium it is found in which wa 

formerly used eis uUramarine. It is now re 
placed by artificial ultramarine (v.Ultramabine) 
As silicate of aluminium, combined vidtl 
potassium, iron, and magnesium, it occurs ii 
the 'micas. As double silicate of aluminium 
potassium, sodium, magnesium, or calcium, i 
forms the varieties of felspar which occur u 
immense quantities in eruptive rocks.^ By th< 
decomposition of felspar by the carbonic acid ii 
the atmosphere and in rain or spring water, th( 
alkaline compounds are removed, leaving kaolir 
or clay of more or less purity (y. ‘(J lay), which 
under pressure, becomes hardened and laminated 
forming shale, and finally slate (q^v.). Many o: 
the silicates of aluminium are of great impor 
tance, and of the widest application. The mow 
important of them are specially considered undej 
their applications {v. Pottery ; Porcelain). 

Aluminium acetate. Hed liquor {v. Alumi 
Ilium acetates, art. Acetic acid). 

Aluminium ethoxide is prepared by treating 
anhydrous alcohol with aluminium in presenct 
of a small quantity of mercuric chloride (as b 
catalyst) and iodine or alkyl haloids. Tht 
mixture is distilled under reduced pressure when 
a distillate free from mercury is obtained 
(Farbwerke Meirter Lucius and Briining, 

D. R. P. 286596 ; J. Soc. Chem. Ind. 1916, 
34, 1168). 

Aluminium oleate is a soft white, putty-like 
substance, of great tenacity, insoluble in water, 
soluble in ether and petroleum. A mixture ol 
oleate, palmitato, and other fatty salts is pro- 
duced from whale, cotton-seed, and similar 
oils by saponification with soda and addition 
of the sodium salt so produced to a solution ol 
alum. The gummy precipitate is known as ‘ oil 
j)ul}),’ and is dissolved in 4 or 6 parts of mineral 
oil to form a ‘ thickener ’ for addition to the 
lubricator. A sample of oil pulp resembling 
thick gelatin had a sp.gr. of 0-921, and contained 
6 p.e. alumina combined with 30 p.c. fatty acids, 
together with 16 p.c. lard oil, and 48 p.c. paraffin 
oil (Oil and Colourman’s Journ. 4, 403). 

Aluminium palmitate is a constituent of oil 
pulp. It may be prepared in the same manner 
as the oleate, from palm oil. It forms a resinous, 
elastic, inodorous, neutral substance, insoluble 
in water, but readily soluble in petroleum’ and 
turpentine. K. Lieber (Dingl. poly. J. 246, 166) 
recommends the use of the latter solution as a 
varnish. It imparts a glossy appearance to 
paper, leather, &c., and renders them waterproof 
without affecting their elasticity. 

The compounds of alupiinium with the higher 
fatty acids are used for increasing the viscosity 
of mmer&l lubricating oils, under the nam^ 

* oil pul|j ’ and ^ fluid gelatin ’ (L. Marquardt, 
Zeitsch. anal. Chem. 25, 159). G. Ii B. 

ALUMINIUM BRONZE r. Aluminium. 
ALUMINIUM FOIL AND POWDER, 
facture of. The following is an account erf tho 
processes conducted at La'Praz and Charlerfflii^'- 
sur-Audelle by the Sooi6t6 fran9a4© de Conkurs 
m^talliques, for the manufacture of almniniUm 
foil and powder. In the manufaottue ol aluB(k|V 
nium foil the metal, d^vered to the ^oeks in 
the form of ingots, 700 x320x120 mm. (oast at 
760°-775® a\ m fii«t hot-rolted at 420® C. to a 
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thidd90S8 of ^*5 m. »nd then cut into strips 
& cm. vide, whiok after being annealed at 
420** C., are cold-r<»d to 0*04 mm. in six stages, 
further' reduction in thiohness being then 
eBfeoted by continued rolling or by hammering. 
In the former case the metal bands are first ' 
greas^, then rolled in pairs to 0 02 mm., and 
subsequently in fours to the desired thickness 
of O'Ol mm., the foil thus being obtained in 
lengths of about 16 m. In the latter case, the 
bands are made into packets of 600 eacli and 
beaten by pneumatic hammers, each packet 
being placed between two thin sheets of zinc ; 
when the thickness of the metal reaches 0*03 mm 
the packets hammered m pairs to 0*02 mm., 
and then in fours to 0 01 mm. The wastage in 
either case is very considerable, only about 
33-36 p.c. of the 0*04 mm. metal employed 
being ootained as good foil, one square inch of 
whicn weighs about 27 grams ; the waste foil 
is used for the production of aluminium powder. 
Before being finally trimmed and cut to size, 
the sheets of foil are either mechanically sepa- 
rated, or embossed by means of suitable rolls, 
since — ^in the absence of the layers of air thus 
introduced between the sheets — the metal is 
liable to become autogcnously soldered at the 
out edges. In the manufacture of aluminium 
powder it has been found necessary to employ 
the foil as the raw material, the pov'der yielded 
by other forms of the metal being of too granular 
a character for use in the preparation of paint. 
The comminution of the foil is conducted in a 
series of stamp mills, in each of which the closed 
mortar-box is provided with a circle of twelve 
stamps actuated from a central shaft, to the 
lower end of which a scraper or plough is 
attached. Caking of the metal is prevented by 
the scraper, which also causes the cliarge to 
be periodically thrown against the screen 
inserted in the side of the mortar ; the screen is 
provided with an exterior sliding box for 
oolleoting the metal passing through. After 
further classification, tne finer portion of this 
product is mixed with about 2 p.c. of stcarme 
(to prevent agglomeration and autogenous 
soldering of the particles during the fine grind- 
ifig) ancf passed to a second series of stamp mills, 
the product from which is screened through silk 
boltmg cloth (No. 200). The powder passing 
through the latter is then classified by a kind 
of winnowing process in ‘ elevators,’ each com- 
prising a vertical brass cylinder, 2m. high 
and 0*80 m, in diameter, in which a central 
vwtioal spindle — to wliich horizontal wings or 
padres we attached— i? adapted to rotate, and 
provided with receptacles arranged at different 
itoveis ^on a helical r#U attached to the inner 
The powder is fed through a tube into 
the lower part of the oylinder, the rotation of 
the spindle being so adjusted that th^ lighter 
partides or flakes become suspended in the air, 
and are deposited in the peripheral receptacles 
at levels corresponding to their weight and 
physical condition; the coaiser particles re- 
malf iin g at the bottom of the cylinder are re* 
tnriied to the fine-grinding mills. The product 
tg&ai the ‘ elevators ’ is finally treated for ten 
hohiB in polishing machines, consisting of 
^hiEffiboatal, rotatory cylinders of striated steel, 
4^ M* long and 0*60 m. in diameter. The 
pemthing of ^ metallic powder is effected by 


means of brashes sittMhed to the axis and 
beariim upon the interior wall of oylbader 
throu^ the whole of its length. Since condi- 
tions favourable to ignition or explosion ^ 
liable to be developed within the fine-grinding 
mills, elevators and polishing machu^, the 
various units are of relativaly small capacity,, 
and are so disposed, both in relation to each 
other and to the other portion of the worics, M 
to localise any damage that may arise from this 
cause (Giullet, Bev. Mc't. 1912, 9, 147 ; J. Soo. 
Ohem. Ind. 1912, 31, 339). 

ALUMNOLE. [CioH50H(S08)a]sAl, Trade 
name for aluminium naphthol sulphonate. 
Produced by the action of aluminium 
sulphate on the barium salt of fi-naphthol 
disulphonic acid R. Used as an anti- 
septic. 9 

ALUMS. This generic name is given to an 
important group of double salts of the general 
typo R2S()4,R'2O8(S08)3,24Ha0, where E is a 
monovalent metal or basic radical such as 
potassium, sodium, ammonium, &c., and R\0a 
is a sesquioxide such as that of aluminium, iron, 
chromium, or manganese. They are all soluble 
in water, and crystallise therefrom with twenty- 
four molecules of water, in forms belonging 
to the regular system, usually octahedra or 
cubes. 

The alums which contain the sesquioxide of 
alumina will alone be considered here, and of 
these the most important are the potassium, 
sodium, and ammonium compounds. 

‘Selenic alums’ have been prepared, in 
whicii sulphuric acid is replaced by selenic acid. 

Potassium alum. Potash alum 

K2S04,Al208(S08)s,24Ha0. 

This salt is found in nature as kalinite, in the 
form of fibrous crystals or as an effloroecenoe on 
aluminous minerals, and occasionally also in 
octahedra, at Whitby, Carnpsie, &o. In th© 
Solfatara near Naples, and the islands of Volcano 
and Milo, it occurs in larger quantities, being 
formed by the action of volcanic gases upon 
felspathic trachyte. ^ 

Of greater importance is the mineral (dunite 
or aliimstone, which is a double salt of potassium 
sulphate and basic aluminium sulphate, having 
the composition K2S04,Al2{S04)8,2Ala(0H)* ; 
it is found at La Tolfa near Civita Vecchia ; at 
Montioni in the Duchy of Piombino ; at 
Mursaly, Munkact, and Tokay in Hungary t to 
the islands of Milo, Argentine, and Nipoglto 
(Grecian Archipelago) ; at Puy-de-Sanoy and 
Madriat (Auvergne); at Samsoun in Ask 
Minor ; and in Australia. An ‘ alum monnteto,* 
composed of this mineral, is reported to exist to 
China, and is stated to be nearly 1900 feet hi|^ 
and to have a circumference at its base of about 
ten miles (U. S. Cons. Report, 1903). 

The manufacture of alum is of great an- 
tiquity. In the time of Pliny alum was to use 
as a mordant for the production of bright 
colours, and was even tested by means of the 
tannin iii pomegranate juice to ascertain its 
parity. It was prepared in the thirteenth e«i- 
tury at Smyrna from*' alum roc^ and stoee the 
fifteenth f^entury has been largely produced at 
La Tolfa from the same substance. 

Its premration from pyritio shale baa loM 
been known* together witn the fact that the 
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iveaenoa of ftn alkali was necessary to induce 
ov^fetedUsation, but, until proved in 1797 by 
Ohaptal and Vauquelin, the essential presence 
of ftlkftl i in the crystals was not recognised. 

Very pure alum is prepared in small quan- 
tities at Solfatara. The natural alum found there 
is igested with water in large wooden vats under 
cover, and maintained at about 40* by the 
natural heat of the soil. The solution is de- 
canted and crystallised. A second crystallisation 
produces extremely pure alum. 

Prcduction of alum from alunite. — The pre- 
paration of alum from alunite is an industry 
which dates from vdry early times. Of Oriental 
origin, it appears to have been introduced into 
Europe in the thirteenth century, and during 
the fifteenth century several alum works were 
establish^ Amongst the^e may be mentioned 
the celebrated works at La '^I'olfa near Civita 
Ve<Mftiia, a district in which alum manufacture 
still ranks as an important industry. 

The outline of the La Tolfa process given 
below is of historical interest. The mineral, 
broken into lumps of moderate size, is calcined 
at a low red heat, either in heaps or in kilns. 
The operation requires to be carefully performed, 
and is stopped as soon as the mineral begins to 
evolve acid fumes. The calcination occupies 
about six hours and results in a loss in weight 
amounting to about 33 p.c., chiefly due to the 
expulsion of water ; at the same time the basic 
sulphate is decomposed, yielding alum and in- 
soluble alumina. I’he roasted mass is trans- 
ferred to brickwork bins and exposed to the 
air for several months, during which time it 
is occasionally moistened. 'J'ho resulting sludge 
is lixiviated with water at 70*, and the clear 
decanted liquor concentrated. The crystals of 
alum which separate en cooling are cubic and 
have a radish tinge owing to the presence of 
suspended ferric oxide ; this may be removed 
by recrystallisation. The amount of soluble iron 
present is stated to be less than 0'005 p.c. The 
product, known as Roman alum, was in former 
times highly valued on account of its great 
purity. 

In the modem process, employed on the 
Oemtinent, the alunite is calcined at a higher 
temperature and the product treated with 
Bulpnurio acid, whereby aluminium sulphate is 
formed from the excess of alumina, ana passes 
hito*^ solution together with the alum. The 
latter is either orystallised out, and the more 
soluble aluminium sulphate recovered as such 
from the mother liquors, or sufficient potassium 
fulphate is added to convert the whole of the 
^Aluminium sulphate into alum. 

According to C. Schwartz (Ber. 17, 2887), 
the best temperature for the roasting is 600*, 
Mid the acid used should have a density between 
1*297 and 1-630. h Geschwind (Manufacture 
ol Alum and the Sulphates of Alumina and 
Ifcm, 1901), however, states that in France a 
temperaturo of about 1000* is employed. 

Formerly, the greater portion of the alum 
manV^ttti^ in England was prepared from 
alunr shale (alum oreb alum schist, and similar 
minerals, wUch occur ip« large quantities at 
in Yorkshire, Hurlet and Oampsie in 
Sootlnm, in Sweden, Norway, Belgium, and in 
parts of Thuringia, Westphalia, Ac. 
minerals are mixtures of aluminium 


silleate, iron pyrites, and bituminous substances) 

iron pyrites is |winoi||^y pesent in the, 
alnminous schists as a ]|ne black powder, 
disseminated throughout the mass, and not 
distinguishable to the eye. The rapid oxidation 
of these minerals under atmospheric influences 
or heat is due to this state of fine division* 

Aluminous earths are dark brown, friable, 
porous masses without structure, and contain 
less silica than the schists. They usually occur 
in layers with lignite. 

Production of alum from aluminous shale . — 
The more earthy shales are porous, and if piled 
in heaps in the open air and occasionally mois- 
tened undergo spontaneous oxiefation, with the 
formation of sulphates of iron and aluminium. 
Usually they require roasting, and when not 
sufficiently bituminous for combustion, are first 
mixed with fuel. 

The coarsely broken shale is built up with 
alternate layers of coal into heaps, which are 
ignited. As the mass bums, fresh quantities of 
tne mineral are added, until a sufficient mass of 
material has been accumulated. By pumping 
water over the surface at intervals the tempera- 
ture is regulated to a degree suitable for rendering 
the decomposition as complete as possible. Top 
high a temperature is to be avoided, as it 
results in the loss of sulphur dioxide and the 
formation a slag.** During the combustion 
of the shale the pyrites is decomposed, giving 
up a portion of its sulphur, which is converted 
by burning into sulphur dioxide, and this in 
conjunction with atmospheric oxygen attacks 
the clay, forming aluminium sulphate. The 
calcined mass is allowed to remain exposed to 
the air for a considerable period, during which 
a further absorption of oxygen takes place, 
resulting in the conversion of the lower sulphide 
of- iron into ferrous sulphate and ferric oxide. 

Lixivicdion. — This operation is carried out 
in large load-lined boxes with perforated bottoms, 
the filtering bed being formed of timber toppetl 
with brushwood. A layer of the roasted mineral 
about 13 inches deep, is introduced and its 
extraction is effected, first with the mother 
liquor from the alum crystallising pans, and later 
with pure water, the liquid in each case being 
left overnight in contact with the material 

The exhausted mineral still contains a 
considerable amount of alumina and sulphairio 
acid. The liquors, which have a density of 
1-09 ^0 1*16, are run into settling tanks and 
allowed to deposit calcium sulphate, ferric oxjf^e, 
and other suspended impurities, and are then 
removed for ooncentration. The method adopted 
for this purpose varies according to the nature 
of the mineral under treatment. In the ease 
of shales from Hnrlet and Campsie the oonoen* 
tration is effected by surface evaporation ip a 
reverb* ratory furnace. 

The bed is of stone, coated with well-rammed 
clay, 4 or 6 feet wide, 2 or 3 feet deep,^ 30 or ^ 
feet long. It is filled to the brim with stroiig 
liquor, and the flame and hot air from the fire 
carrel over it. As evaporation proceeds, more 
liqaor is added until the proper oonoentral^on 
is reaohed. It is then run mto leadtA peiis» 
concentrated to about 1*4 sp.^. and conveyed 
to a precipitating oisteom containing the reaiiwte 
quantity of drv pptassium chloricm ; 'Ihe liquid 
is well agitatea and the chloride soon distolves. 
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la about 5 daye tbe liquor ia drained from the 
laitteoiyatalB} which are washed and reorystailised. 

Whitby shalee differ from those at 
Hurlet, in that they contain a considerable 
quantity ,of magnesia which passes into the 
extract in the form of magnesium sulphate. In 
this case surface evaporation is not satisfactory 
on account of the formation of a crust of this 
salt which retards evaporation. The evapora- 
tion of the liquor ia carried out, therefore, in 
leaden vessels, until a sp.gr, of 1-126 to 1*137 is 
reached, after which the solution is allowed to 
stand until clear. The concentration is con- 
tinued up to sp.gr. 1 *26, at which stage a sample 
of the liquor is^withdrawn and the percentage 
content of aluminium sulphate determined. 
After further evaporation to a density of 1-4 to 
1-6, the hot liquor is run into a precipitating 
tank and mixed with a saturated solution of 
the calculated quantity of potassium chloride 
or sulphate, the whole being kept in constant 
agitation to induce the formation of small 
crystals (alum meal). 

When much ferric sulphate is present in the 
solution, the addition of potassium sulphate 
would produce iron alum, isomorphous with ordi- 
nary alum, which would crystallise out and con- 
taminate the product. The use of potassium 
chloride prevents this, by producing the easily 
soluble ferric chloride, wyie feiTOua salts are 
converted into the equally soluble ferrous 
chloride, an equivalent amount of potassium 
sulphate being formed at the same time. Chloride 
of potassium is generally employed in preference 
to the sulphate, whenever sufficient iron sulphate 
is present to supply the requisite amount of sul- 
phuric acid for the formation of alum ; its 
greater solubility is also in its favour. Too much 
chloride should be carefully avoided, for after 
the iron sulphates have been decomposed, the 
alumiidum sulphate is itself attacked^ with the 
production of the very soluble chloride, which 
is lost. ; 

The alum meal, consisting of small brownish 
crystals, is drained and washed twice with cold 
water. The adhering mother liquor, containing 
much iron, is thus removed, and the meal is left 
nearly pure. The final purification is effected by 
dissolving in a minimum quantity of boiling 
wlter and allowing the solution to stand for 
about eight days in casks furnished with movable 
staves. At the end ol this period the staves 
are removed, and after two or three weeks 
farther standing, the blo 9 k of crystals is pierced, 
the another liquor drained off and employed for 
dissolving fresh quantities of meal. 

The mother liquor from the alum meal has a 
Bp.gr. of about 1*4; it contains sulphate or 
chloride of iron, magnesiffln sulphate, &c., and 
will yield more alum on evaporation. In a final 
evaponttion it yields ferrous sulphate in fine 
green crystals. When iron is present in large 
quantity, the liquors are evaporated and the 
ferrous sulphate crystallised out before the ad- 
dition of the potassium salt. In this case the 
iron salt ia less pure and less soluble, but the 
alum subasquently produced contains less irffn. 

Formerly, potassium alum was alone pro- 
duced. In 1845, however, the potassium sul- 
phate was replaced by the ammonium sulphate 
{aroduoed from the then waste liquors from gas 
wpripif yielding ammonium alum. This great 
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improvement was introduced by the lata Birter 
Spence ; hk method was soon generally adopted 
both in England and on the Continent, 

Another great advance was made by Spence 
in 1845 in the manufacture, by the treatment 
jof the refuse shale underlying the coal-seams 
I of South Lancashire. This shale contains from 
1 5 to 10 p.c. of oarbonaoeous matter. It is 
I piled upon rows of loosely placed bricks (to 
allow a free passage to the air) in heaps 
4 or 6 feet high and 20 feet long. The com- 
bustion is started with a little fuel, but the shale 
contains sufficient combustible matter to con- 
tinue burning. I'he caloinsftion is performed 
slowly at a heat below redness. In about 10 days 
the roasting is completed, and the material has 
become soft, porous, and light red, whilst the 
alumina containetl in^it lias become anhydrous 
and soluble in siilphurio acid. 'J'oo high a tem- 
perature, how'ovcr, partially vitrifies it, in wMoh 
case it is only slowly attacked by acid. Charges 
of 20 tons are placed in large covered pans 40 
feet long, 10 feet wide, and 3 feet deep, lined 
with lead, and arc digested for about 48 hours 
wnth sulphuric acid (of sp.gr. 1*36) at 110*, 
the temperature being maintained by fires be- 
neath the boilers. Formerly ammonia was forced 
into the liquid" from a boiler containing gas 
liquor ; ammonium sulphate was thus produced, 

I with considerable rise of temperature, and com- 
I bined with the aluminium sulphate forming am- 
monium alum. The solution of alum so pro- 
duced is run into cisterns 29 feet by 17 feet, and 
1| feet deep, in which it is kept in constant 
agitation. In about 14 hours the small crystals 
so formed are drained, washed with some 
mother liquor from ‘ block alum,* and dissolved 
by a process known as * rocking * for the pro- 
duction of pure block alum. For this purpose 
they are introduced into a hopper, « at the 
bottom of which they encounter a current of 
steam at a pressure of 20 lbs. per sq. inch, both 
steam and crystals being supplied in such 
proportions that all the crystals are dissolved, 
while no steam is wasted. In this manner 4 
tons of crystals may be ^dissolved in 30 or 40 
minutes. The solution is -run into a leaden tank, 
and, after a time, treated with a small quantity 
of size, which precipitates a quantity of insoluble 
matter. The clear liquid is next run into tubs 
about 6 feet high and 6 feet wide, tapering 
upwards, with movable lead-lined staves. After 
some days the staves are removed and a hole 
is bored in the mass of crystals for the removal 
of the liquor. Each block weighs about 3 tons, 
while the mother liquor contains about 1 ton. 

To produce 1 ton of ammonium alum by 
this method on an average about 16 owts. of the 
shale is required. 

A great advantage of this process u the 
speed with which the crude material is con- 
verted into marketable alum. By the old pro- 
cess twelve months was required for this con- 
version, whilst by Spence’s process the whote 
operation is performed in one month. For this 
process Spence was awarded the medal for 
alum manufacture at the Exhibition of 1862, at 
which date he manufactured 160 tons of alum 
weekly, over one-half the total production of 
England {v* Hofmann’s Report on Chamioal 
Processes at the Exhibition of 1862, p. 62f and 
J. Carter Bell,*Chem. News, 12, 221). 
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A )i»^ is also produoAd the addition of 
potassium sulphate to aluminium sulphate, pre* 
pared by any of the processes already described, 
ft is prepared in great purity from the sulphate 
produced from cryolite ; 1 ton of cryolite pro- 
duces 3 tons of alum (v. Sodium aluminaie). 

Many other ppooesses have been proposed 
and used for the preparation of alum. 

Spence, in 1870 (Eng. Pat. 1676), patented a 
method of preparing alum from mineral phos- 
phates, especially that from Redonda near 
Antigua, wmeh contains 26*1 p.c. oi alumina as 
phosphate with ferric oxide and silica. It is 
calcined at a red heat to render it porous, 
powdered, and digested with sulphuric acid of 
Bp.OT. 1 *6 in quantity proportional to the amount 
of wumina, in lead-lined vessels, heated by steam. 
The liquid is concentrated to a density of 1'45, 
and treated with the requisite amount of potas- 
shdil sulphate to convert the whole of the 
alumina into alum. Phosphate containing 20 
p.p. of alumina yields about IJ times its weight 
of alum, from which, however, the last traces 
of phosphoric acid are removed with difficulty. 
The phosphoric acid in the mother liquors is 
valuahle as a manure. 

Methods have frequently been proposed for 
the preparation of alum from felspar. Ordinary 
felspar contains both potassium and aluminium 
combined with silica in larger projwrtions than 
are contained in alum ; the problem to be solved 
is the substitution of sulphuric acid for silica. 
A method adopted by Turner, said to have been 
originated by Sprengol, consisted in the ignition 
of a mixture of one part of the powdered mineral 
with one part of potassium bisulphate until 
fused ; one part of sodium carbonate was then 
added, and the whole again fused. The mass 
was boiled with watpr and the insoluble double 
silicate jremaining’ was decomposed by hot sul- 
phuric acid of sp.gr. 1-20, and the alum crystal- 
lised out. On account of the high temperature 
required, this process was not successful. 

At the present time the bulk of the alum 
manufactured in England is prepared either 
from shale or alunite or from the alummiura 
sulfate derived from bauxite or china clay. 

For the more delicate dyes the alum used 
must be of extreme purity. Samples containing 
even less than O'OOl p.c. of iron may be unsuit- 
able for certain purposes. The percentage of 
iron in alum or in aluminium sulphate is usually 
determined by means of a solution of ammonium 
thipoyanate standardised with iron alum. Many 
precautions are necessary in performing the 
analysis {v. Tatlock, J. Soc. Chem. Ind. 1887, 
276 ; G. liunge, Mon. Sci. 1897, 160). 

Potash alum crystallises with 24 molecules 
of water, in crystals belonging to the cubic 
system, usually in large colourless octahedra of 
sp,gT. 1*761 (Retgers, Zeitsoh. physikal. Chem. 
«, 289 ; J. B. 1889, 148). 

I)e Boisbaudran has also obtained it crystal- 
lised with hemihedral faces of the tetrahedron. 
Tb^ crystalline form is affected by the presence 
of^other substances in solution, and by the tem- 
perature. When formed at ordinary tempera- 
lures in the presence of ^ basic alum, the crystals 
arej( cubes, frequently dull on the surface from 
the presence of the *basic salt ; fof this reason 
Roman alum usually forms cubes. At 40° 0., 
even inj^resenoe pi basic salts, ijctabedra are 


Potash alum possesses the proptrtT of 
ciTStallising with hydrogen p^zide (Will- 
statter, Ber. 36, [1903] ISSS). 

According to Poggiale (Ann. Ohim. Phys. [3] 
8, 467), the solubility of potash alum and of 
ammonia alum is as follows : — 

100 parts water dissolve : 


‘C. j 

Crystallised 
Ihdaah alum. 

CryataUised 
Ammonia alum. 

0 ' 

3*9 ^ 

1 6*2 

10 

9*6 

9*1 

20 

151 

13*6 

.30 

22 0 

« 19*3 

40 

30-9 

27*3 

00 

44*1 

36*5 

60 

60*6 

61*3 

70 

90*7 

72*0 

80 

134*6 

103*0 

90 

209*3 

187*8 

100 

.307*6 

421*9 


Conductivity determinations, made on alum 
'Solutions of different concentrations, indicate 
that even at moderate dilutions the alum is 
resolved into its component salts. 

l^otash alum possesses a sweetish astrin- 
gent taste and a str-pngly acid reaction. The 
aqueous solution docomposos when heated with 
precipitation of a basic alum, especially when 
dilute. For this reason a small quantity, not 
sufficient to be distinguished by taste, is fre- 
quently added to impure water. The gelatinous 
jirecipitate carries with it the colouring matter 
and most of the organic impurities, producing a 
slimy deposit. 

Alum is almost insoluble in a saturated solu- 
tion of aluminium sulphate, and is quite insoluble 
in alcohol. On exposure to air, the crystals 
become white on the surface. This change is 
due, not to the loss of water, but to the absorp- 
tion of ammonia from the air, with formation of 
a basic salt. Below 30° C. they lose no water ; 
at 42° C. they evolve 11 molecules (Juttke, 
Chem. Zentr. 18, 777). In a closed vessel over 
sulphuric acid they lose 18 molecules at 61° C. 
(Graham) and become slowly anhydrous at 
100° C., more rapidly in a current of air. Alum 
melts in its water of crystallisation at 92*6° C,, 
and when heated to dull redness is converted 
into a porous friable mass, slowly soluble in 
water, known as ‘ burnt alum.* At a white 
heat alumina and potassium sulphate ak>ne 
remain. 

When burnt alum is mixed with one-third 
its weight of carbon apd heated to redness, the 
residue is spontaneousiy inflammable on account 
of the presence of finely divided potasdam 
sulphide, and is known as Homberg’s pyro- 
horus. By fusing alumina with potasuuifi 
isulphate and digesting the mass in i^n.rm 
water, anhydrous potassium alum may be 
obtained in crystals of which 6 parts are s&ble 
in 100 of water at 10’ C. and 74*6 parte at 
lOO^C. (Salm-Horstmar, J. pr. Chem. 62, 319). 
\ On the addition of caustic soda or sodium 
carbonate to a solution of alum until the ptd- 
cipitate at first produced is only just redissol^^ 
on agitation, t.e, when two-thizw of tixe acid has 
been neutralised, the solution oontaiaa a neutral 
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)»asie ftlttm, known at netdnd ofctm, together 
with sodium sulphate This solution, on .ac* 
count oi the ease wi^ which it gives up its 
excess of alumina to the fabric, is used by dyers 
as a mordant. Commercial potash alum is 
frequently mixed with ammonia alum. I 

Alum is extensively used as a mordant in 
the dyeing industries, and in the production of 
other aluminium mordants such as the acetate, 
sulphoaoetate, &c., employed in dyeing and 
printing and for shower-proofing fabrics. The 
alum used for dyeing with alizarin rod must 
be free from iron, otherwise dull shades are 
produced. It i^also emp'loyed in the manu- 
facture of lake pigments, in the dressing of 
skins (‘ tawing ’) to produce white leather, in 
sizing paper, and in the production of fire- 
proofing materials. ' In most of its applications, 
however, it is being replaced by aluminium 
sulphate, the use of which is considerably more 
economical. 

Sodium alum, Soda alum 

Na,S04,Al203(S03)3.24Hj0 

occurs as mendozite in S. America and in Japan 
(Divers, Chem. News, 44, 218). 

This alum was prepared by Zellner in 1816, 
by the spontaneous evaporation of a solution 
containing sodium and aluminium sulphates. 
Its existence, disputed by^Ostwald, ^las been 
established by Wadmore (Chem. Soc. Proc. 
21, 150 ; O.-B. 1905, 11 , 18), who from a solution 
of the mixed sulphates obtained octahedral 
crystals haying the above composition. Prom 
a hot concentrated solution it is deposited on 
cooling as a pasty mass which slowly becomes 
crystalline. Contrary to the statement fre- 
quently mode, the crystals do not appreciably 
effloresce in the air. 

Technically, soda alum may be prepared 
in the following manner : — To a solution of 
aluminium sulpnate containing 675 grams of 
the crystalline salt per litre, and maintained at 
a temperature of 50° C. to 60° C., is added a 
solution of sodium sulphate containing 146 
grams of the anhydrous salt per litre, until the 
liquid attains a density of 1 ’35 ; crystals of 
soda alum separate on cooling. The crystallisa- 
tion should be effected at a temperature between 
10° C. and 26° C. ; at 28° 0. the formation of 
crystals proceeds very slowly, whilst below 
10® C. separation of sodium sulphate occurs 
(Augd, B, R. P. 1899, 60323 ; J. 1890, 2636). 

Mossrs. P. M., D. I)., and H. Spence (Png. 
Pat. 1900, 6644) prepare a solution of sodium 
sulphate saturated at 40° C. to 50° C., which is 
allowed to cool during agitation until a consider- 
able proportion of dfecahyflrated crystals have 
senarat^ The mixture of liquid and crystals 
is then run into a solution of aluminium sulphate 
containing the solid salt in suspension. Tnere 
is thus Stained a large crop of well-defined 
soda alum crystals, .^tematively, the solid 
alondnium sulphate may be added to a suitable 
solution of sodium sulphate or chloride, in which 
either salt may be suspended in the solid statd^ 

Soda ^um is much more soluble at ordinary 
teitnperatures than potassium or ammonium 
alapif iu consequence of which it is more 

to purify from iron. On account of 
Ihe lower cost of sodium salts, it would be 
ia^gefy used in place of other and more ex- 


pensive alums, if it could be easily imtifled by 
crystallisation (see Eng. Pat. 1881, tmSO). 

Soda alum orystulises with 24 molecules 
of water in regular octahedra, having a sp.gr. of 
1-667 (Soret). At 10'6° C. 100 pa^ of water 
dissolve 107*11 parts of the ^um (Wadmore) ; 
according to Ure, the solution saturated at 
16*6° C. contains 110 parts of the alum in 100 
of water, and has a density of 1*296. Soda 
alum is insoluble in alcohol. 

Ammonium alum, Ammonia alum 

occurs as TscJiarmigite in Bohemia, and in the 
crater of Mount Etna. 

Its preparation is analogous to that of 
potash alum, a solution of aluminium sul- 
phate, prepared by an^ of the methods already 
described, being treated with the equivaMlbt 
quantity of ammonium sulphate, and the alum 
separated and purified by crystallisation. 

Ammonia alum crystallises with 24 mole- 
cules of water in regular ootahedrq, having a 
conchoidal fracture and a density of 1*^1 
(Soret). At ordinary temperatures it is less 
soluble in water than potaasmm alum (v. Table 
of. solubilities, linder Potassium alum). The 
saturated solution boils at 110*6° 0., and eon- 
tains 207*7 parts of the alum to 100 parts of 
water (Mulder). When heated the crystals 
swell up and form a porous mass, losing water 
and sulphuric acid ; at a high temperature 
alumina alone remains. This serves as a useful 
method for the production ot very pure alumina. 

In its general properties and uses, ammonia 
alum closely resembles the corresponding 
potassium compound. G. H. B. 

ALUMNOL V. Synthetic Drugs, 
alum-shale: a kind di shale oj slate 

containing disseminated iron -pyrites, which, on 
prolonged exposure to the weather, gives, alu- 
minium sulphate, owing to the action of sul- 
phuric acid (from the decomposition of the 
iron-pyrites) on the clayey material. The heaps 
of weathered shale are le^hed with water, and 
to the solution of aluminium sulphate and 
sulphuric acid so obtained potashes are added. 
The alum obtained by the evaporation of this 
solution is purified by recrystallisation. The 
alum-shales of Liassic age on the coast of 
Yorkshire, in the neighbourhood of Whitby, 
have been largely worked by this method since 
the time of Queen Elizabeth, but now the 
industiy has become extinct. At Alum Bay 
in the Isle of Wight clays of Tertiary age were 
formerly used in the manufacture of alum, as 
early as 1679 ; and in the early part of the 
eij^hteenth century the Kimmeridge clay in 
lummeridge Bay, Dorsetshire, was also so 
u£^. Pyritous shales of Carboniferous i^a 
were formerly worked at Hurlet in Renfrewshire/ 
large works for 'the extraction of alum having 
been erected here about the year 1800. Alum- 
shales in the coal-measures of the West Riding 
of Yorkshire are, however, still worked to a 
small extent near Rotherham, Barnsley, and 
Darton. Here the iron-f>yTites is more effici- 
ently and quickly oxidised by roasting the shale, 
which is afterb^ards steeped in shallow pits, and 
the concentrated liquor treated with potassium 
chloride. • 

B^erence . — Special Reports on thi^ Mineral 
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ALUM.SHALK. 


BMonroes of Groat Britain, vol. v. Mem. Geol, 
fitirvey, London, 1916. V. Aluma^ art. Alttmi- 
KTFM. L. J. 8. 

ALUNDUM. A form of fused alumina 
manufactured as a refractory material and 
abrasive. As used in the preparation of 
refractory articles it is a white crystalline pro- 
duct containing less than 1 p.c. of impurities 
(oxides of iron, titanium, and silicon) ; it melts 
at 2050°-2100°, and its coefficient of linciar 
expansion is 0‘()000078. A less pure form con- 
taining 0-8 p.c. of impurities and of a reddish- 
brown colour is .also employed ; it melts at 
about 60° lower than the white variety, and its 
coefficient of expansion is 0 ‘000008.6. Alundum 
does not soften when within 100° of its meltinw- 
point; ap.gr. 3‘93-4‘0; harflncss 9-10 (MoVs 
scale). Thermal condu(?i.ivjty 3-4 lime.s that 
oliinost fire-clays. Not atbaclved by aqueous 
acids and alkalis, and only very slightly by 
fused alkali carbonates. Dissolved with diffi- 
culty by fused slags both acid and basic, more 
readily by the former, t'or the preparation 
of shaped articles it is mixed wath a refractory 
binding agent, moulded, and fired in a ceramic 
kiln; the articles are usually more’ refractory 
than amorphous alumina. When treated with 
sulphuric or hydrochloric acid they lose up to 
0‘03 p.c. of their weight but are then quite 
unaffected.* The articles arc porous, and cannot 
be used where gas-tight vessels arc required, or 
as protecting tubes for pyrometers. The 
meltmg-point of the bonded articles is never 
below 1960°, and tliey possess great strength, 
both tensile and compressive ; elcctrioal resist- 
ance 476x10® ohms, at 636°, 49x10® at 721°, 
24 X 10® at 908°, and 7 6 x lO^ at 1 040°. Alun- 
dum muffles last 4-6, .times as long as clay mu ttics, 
and are more refractory artd have a higher 
tensile' strength than quart?. (.Crucibles of 
alUndum can be used for melting metals, even 
platinum. On account of their porosity they 
cannot be used for melting slags or salts, but 
this quality makes them specially suitable as 
a substitute for Gooch crucibles ; no asbestos 
filler-layer is required, and the porosity can be 
so controlled that the finest precipitates may 
be collected in them. Alundum extraction 
thimbles can be cleaned by simple ignition. 
An alundum cement is made for lining crucibles 
and furnaces ; it does not melt or combine with 
carbon below 1950°, Alundum bricks have been 
uped in place of silica for the roofs of electric 
furnaces (Saunders, Amer. Electrochem. Soc. 
1911; Met. and Chem. Eng. 1911, 9, 268; 
J. Soo. Ghem. Ind. 1911, 30, 686). 

ALUNITE or ALUM - STONE. Hydrated 
basic sulphate of aluminium and potassium 
KAl,(S04)2(0H)e, containing theoretically 11-4 
p.c, of potash. The potash may, however, be 
replaced isomorphously by soda with a passage 
from ‘ kalioEdunite ’ to ‘ natroatenite ’ (Analysis, 
VI). Further, the material is often impure 
owing to admixture with silica and clayey 
jnatter. The mineral is usually found as white, 
groy, or pinkish, compact and granular masses, 
fomewhat resembling qhalk, limestone, or marble 
Ip appearance. Sp.gr. 2*68-2*76. .Occasionally, 
minute glistening crystals, which 'belong to the 
rhombohedral system, are found in cavities in 
the massive material. The following anal^s''8 


South Wales (I pale pink, and II chalky white 
oontainif^ more silica) ,* 111 and IV, Marysvale 
Utah (111 of selected clear pink, translucent 
coarsely granular material, and IV of compact 
fine-grained, porcelain-likc material) ; V, ‘ cala 
fatito ’ from Benahadaux, Almeria, Spain 
VI, white, chalky ‘ natroalunite ’ from Funera 
Range, Death Valley, California. 

I. II. in. IV. V. VI 

ALOg 37*62 .37*37 37 18 34*40 37*98 38*4 
FcjOa 0*26 0’27 trace trace — — 

K^O 9*51 6*68 10*46 9*71 9*64 1*0 

NagO 1*12 1*08 0*33 0*66 — 6*8: 

SO, 36*70 22*09 38 ‘34 3^*6^ 34*77 25 ‘0 

SiOj 1*92 19-34 0‘22 5‘28 — 10*2 

P^Og trace trace 0*58 0‘50 — — 

HjO 13*19 13‘86 12*90 1308 17*61 I7’6 

Moisture0*06 0*40 0‘09 0‘I1 — — 

100*34 100*16 100-10 100*18 100*00 98*2 

The mineral mostly occurs in connectio: 
with volcanic rocks, having been formed by th 
I action of solfataric vapours on such rocki 
' Jn some ca.ses, liowever. it may have been forme 
by the action of decomposing iron-pyrites o 
clay. Extensive deposits have long been know 
at Tolfa near Rome, Mention i in Tuscany, an 
Musa/, and Bereghszas?. in Hungary. A 
irnportarii. deposit, forming wide veins in vo 
canic rock (ande.sito or dacitc), has been dii 
covered and mined near Marysvale in Utal 
A detailed description of this, together with 
rtsuTiit of the published descriptions of othi 
deposits of commercial importance, has bee 
given by B. S. Butler ana H. S. Gale (Bui 
U.S. Geol. Survey, ltU2, No. 611, pp. 1-64 
Other localities are in (’olorado, Nevada, Cal 
fornia, and Arizona ; Kyuquot Sound, Vancouvi 
Island, British (Columbia ; Bullahdelah, 6 
miles north of Newcastle, New South Walee 
Carrickalinga Hoad, on St. Vincent Gulf, 4 
miles south of Adelaide, South Australia 
Warnertown, near Port Pirie, South Australia 
and near Sun bury, Victoria. (On the Australia 
deposits, see E. F. Pittman, The Mineral Ri 
sources of New South Wales, Dept, of Mine 
N.S. W., 1901 . The Alunite Deposits of Austral] 
and their Utilisation, Advisory Council < 
Science and Industry, Commonwealth < 
Australia, Bull. No. " 3, Melbourne, 1917 
Extensive deposits have also been found net 
Benahadaux, 10 km. from the port of Aimer 
in Spain (S. Calderon, Los minerales de Espafii 
1910, ii. p. 205). 

Since the fifteenth century this mineral h( 
been exploited at Tolfa near Rome, for tl 
manufacture of pottsh-alum ; and the hard 
and more compact varieties from Hungary ha*' 
been used for millstones. Now, however, tl 
miimral is of considerable importanoe as a soun 
of potash. When ignited, it gives off all i 
water and three-quarters of its sulphuric aCi 
there remaining alumina and potassium sulphat 
92 p.c. of the whole of the latter being coj^b 
of extraction in solution by this method, Win 
roasted at a lower temperature, aluminium ai 
potassium sulphates can be extracted by Jixivi 
tion and crystallised as potash-alum. Deta 
of the methods of treating the mineral 
practised in Australia and ore given in tl 
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used directly as an artificial manure; but» nesium, potassium, silver, sodium, tellurium, 
since the potash is not present in a soluble thorium, tin, zinc, and lead may be obtained. 


form, better results arefobtained by first roasting. 

L. J. S. 

ALUNOGEN. Hydrated aluminium sulphate 
Ala(S 04 )a, 18 H 20 , occurring as a white, delicately 
fibrous efflorescence on shale and other rocks. 
It has been formed by the action on the alu- 
minous rock of the products of decomposition 
of iron-pyrites. A trace of iron sulphate is 
often present, imparting a yellowish or reddish 
colour to the mineral. L. J. S. 

ALVA or ALFA v. Ehi-aeto. 

ALVELOS. A name applied to the Euphorbia 
helerodoxa (MueM.), growing in Brazil, the juice 
of which has been used as a cure for cancer 
(Pharm. J. {3] 16, G14). 

ALYPINE. Trade name for henzoylletra- 
wethyldiaminodhyldimdKylcarbitiol hydrochloride. 

CHa-N(OH,), 

C ._jH ^ — (J — 0 — (JO- — C 5 


CHa-N(CH,)* 

Employed in place of cocaine and stovaine as 
an anaesthetic and as a remedy for vomiting 
and in the treatment of diseases of the upper 
respiratory passages and of the organ of hearing. 
Used also in veterinary 4 )ractice i^ place of 
cocaine. 

It occurs in crystals, m.p. 169°, sol. in 
wator, forming a neutral solution. Aqueous 
solutions may be sterilised without undergomg 
decomposition by boiling from 5 to 10 minutes 
(Neustatter, Pharm. J. 1905, 869). 

(For distinctive reactions, v. Lemaire, Rep. 
Pharm. 1906, 18, 386.) (i;. Synthetio dkuos.) 

AMADOU or GERMAN TINDER. {Amadm, 
Fr. ; Zunderschwamm, Ger.). A spongy com- 
bustible substance, prepared from a species of 
funws, Fomes {Polyporus) igniariua, the ‘ false * 
tinder-funuus, which grows on the trunks of the 
oak, but aW on alder, willow, and various other 
trees. It must be plucked in the months of 
August and September. It may also be pre- 
pared from Pomes {Polyporus) fomentarius, the 
true tinder-fungus, also indigenous, found 
especially on the beech, elm, and various fruit 
trees. It. was formerly used in surgery, and has 
hence been called surgeons’ agaric. Amadou is 
prepared by removing the outer rind and care- 
fully separating the yellow-brown spongy sub- 
stance which lies within it. This substance is 
out into thin slices, and beaten with a mallet to 
soften it, till it can be easily pulled asunder 
between the fingers. In this state it is useful 
in BUMery. To convert^ it into tinder, it is 
boiled m a strong solution of nitre, dried, beaten 
anew, and put a second time into the solution. 
Sometimes, to render it very inflammable, it is 
imbued with gunpowder, whence the distinction 
of * black * and * brown ’ amadou, 

amalgam:. An alloy of mercury with some 
other metal or metals. 

There are fear general methods for preparing 

amalgams. 

1. Metallic mercury is brought into contact 


2. Mercury is brought into contact with a 
saturated solution of a salt of the metal, when 
part of the mercury goes into solution and the 
remainder combines with the liberated metal ; or 
better still, zino or sodium amajgam is employed, 
when the zinc or sodium displaces the metal in 
the solution. By this method amalgams of bis* 
muth, calcium, chromium, iridium, iron, magne- 
sium, manganese, osmium, palladium, and stron- 
tium may be prepared by using sodium amalgam, 
and cobalt and nickel by using zinc amalgam 
(Moissan, Compt. rend. 1879 f Chem. News, 39, 
84). 

3. The metal to be amalgamated is placed in 
a solution of a mercury salt; copper may bo 
amalgamated by this process. 

4. The metal is 'placed in contact with 
mercury and dilute acid ; this is the method 
usually employed in amalgamating zinc. Iron, 
aluminium, palladium, nickel, ana cobalt may 
be made to combine with mercury by this process 
if they be placed in contact witn a stick of zino 
(Oasamajor, Chem. News, 34, 36 ; Arch. Pharm. 
[3J 11, 64; Chem. Soc. Trans. [2] 34, 474). 

Amalgams are also formed when mercury is 
used as the cathode in the electrolysis of salt 
solutions ; a number of metals can thus be 
obtained as ainalgan^s, although they cannot be 
obtained directly in the free state by the elec- 
trolysis of aqueous solutions. 

The combination of sodium with mercury by 
method 1 takes place with groat energy, heat 
and light being produced. The preparation is 
beat carried out by combining a small portion of 
the mercury with the sodium, and then adding 
the remainder to the amalgam. 

Native amalgams are f^und in various parts 
of the world. 3lie table on next page contains 
the analyses of a few. 

Gold and silver in the luetallio state can be 
extracted from their ores by grinding the ores 
and making them pass through mercury, 
although this process is now largely replaced by 
the modern oyaniding Djjpthods. (For details, v. 
these metkla ; and May, J. Soo. Chem. Ind. 4, 
362; Moon, id. 4, 678; MUler, id. 4, 122; 
Whitehead, id. 4, 603 ; Fisher and Waber, id* 
4, 351 ; Barker, Dingl. poly. J. 261, 32 ; Body, 
id. 262, 33 ; Molloy, id. 264, 210 ; Bonnet, td, 
264, 297 ; Cassel, id. 267, 286 ; Jordan, id. 268, 
163 ; Hollick, id, 268, 168.) When the mercury 
has taken up a quantity of gold, the amalgam 
is squeezed through chamois leather, when the 
greater portion of the gold is left, combined 
with a little mercury, as a pasty mass. Kazant* 
seff (Bull. Soc. chim. [2] 30, 20 ; Chem. Soo. 
Trans. [2] 34, 937) finds that the mercury which 
escapes contains at ordinary temperatures 0*126 
p.o. of gold, at 0° 0*110 p.o., and at lOO*- 
0*650 p.c., thus behaving like an aqueous 
solution. * 

Berthelot found that the solution of definite 
amalgams in different quantities of mercury, like 
the solution of salts in water, absorbs a constant 
amount of heat ; thus the heat of solution of an 
amalgam of which the composition corresponds 


with the othw metal, mther in the solid or in a I with the formula in four times ito weight 

fi^y divided state at the ordinary or at a of mercury iS — 8*0 kil. deg. of heat, and in twenty 
temperature. In this way amalgams of Uimes —9*0 kil. deg. (Compt. rend. 89, 466; 
antimony, ararak, bismuth, cadmium, mag- Chem. Soo. Ahstr. 38, 1). 



AAUO/iAlL 


IIP 


Af 

Hg 

An 

Fe 203 

CaO 

Ag€l 

Fe 

Zn 

Pb 

OaCOjj 

Cu 

Insol. 
and loss 

LooaUty 

ti 

Analyst and 
leferenoe 

76‘W)0 

28-066 











0-490 

Eoligsberg, 

Flight. Phil. 













Norway. 

Mag. [6] 9. 














146. 

92-454 

7-196 



0033 

0-066 

0-088 


— 


— 



1-828 

MoschelUmdsborg 

,, 

8«-0 

64-0 

— X 

— 

— 

— 


— 

— 

— 

— 

— 

Klaproth, 













Palatinate. 

Urel. 

26-0 

27-5 

73-3 

72-6 


~ 



- 

- 

- 

- 

- 

- 

Allemont, 

Dauphine. 

Heyer, id. 
Oordier, it. 

46-80 

61-12 

— 


— 

— 

018 

tr. 

tr. 

0-21 

— 

1-01 

Salagrube, 

Nordsbrom, 








1 





Sweden. 

J. 86, 1, 621. • 

66-70 

48-27 

— ’ 

— 

— 

— 

— 


— 

— 

tr. 

— 

Friodrichasegen — 

Weiss, 






1 







Mine. 

J. 86, 1828; 














Z. geol. 

r- 068,34, 817. 

~- 

60-98 

39-02 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Mariposa, 

Ure. 


to 

to 










California. 



68*87 

41-68 












5-00 

67-40 

88-89 





— 

— 


— 

— 

— 

Choco, 

Sohneldei. 





■ 1 



I 





New GAnada. 

Ure. 


According to Bertheiot, the rnaxinium heats j 
of formation for amalgamb of polobsium and ' 
Bodium are 34*2 and 21*1, corresponding with 
crystalline amalgams containing 1*6 p.c. of 
potassium, and 2 p.c. of sodium respectively. 
In these amalgams the relative affinities of the 
free alkali metals are inverted : this explains 
Kraut’s and Popp’s observation that sodium 
displaces potassium when potassium hydroxide 
is treated with sodium amalgam, the final result 
being the formation of an amalgam of composi- 
tion Hg, 4 Na (Compt. rend. 88, 1335). 

The views formerly held on the constitution 
of amalgams and particularly on the existence of 
definite amalgams of the nature of chemical 
compounds of mercury and the alloyed motal, 
have been profoundly modified by the study of 
these bodies by the methods of metallography 
(v. Metallography).' The amalgams are found 
to be str/otly analogous to other alloys, but their 
peculiar behaviour arises from the fact that they 
are frequently met with in a range of temperature 
which hes beWeen the commencement of solidifi- 
cation and final complete crystallisation. It has 
beeo shown that a number of supposed com- 1 
pounds, of which the existence had been assumed | 
on the ground that amalgams representing them 
took the form of homogeneous crystalline bodies, 
axe not true compounds, whilst definite com- 
pounds of different composition have been 
xcfftnd. Thus, in the case of sodium and 
pqiiasaium amalgams, the compounds Hg^Na, 
HgjNa, HgNa, HgjNaj, Hg.Nag, HgNag, and 
Hg|K, HgK, Hg,K, HgjKj, and Hg^K, have 
been recogmi^ (Schuller, Zoitsch. anorg. Chem. 
1904, 40, 386 ; Kurnakoff, ibid. 1900, 23, 439 ; 
Jaeneoke; Zeitsch. physical. Chem. 1907, 58, 

my 

The amalgams of bismuth, zinc, tin, and 
thallium are found not to contain any definite 
compounds (Puahin, Zeitsch. anorg. Chem. 1903, 
36, fOl ; Heteren, ibid, 1904, 42, 129 ; Kurnakoff 
and Pushin, ibid. 1903, 30, 86). 

‘ Ammonium amalgam ’ is prepared by acting 
cm ^ saturated solution of ammonium chloride 
with sodium amalgam ; the amalgam thus ob- 
tained soon breaks up into mercury, and ammonia 
and hydrogen gases. According to Wetherill 
(Amur. 3. [2] 50, 160), this compound is 

not a true amalgam, as wW an ammoniaoal 
aohition ia electrolysed, the negatiye pole being 


a spongy plate impregnated with mercury, no 
amalgam is formed. Landolt (Zeitsch. f. Chem. 
[2] 6, 429) draws attention to the fact that am- 
monium amalgam does not reduce solutions of 
silver nitrate, ferric chloride, or cupric sulphate, 
as do sodium and potassium amalgams. 

Seeley (Chem. News, 21, 205) has shown that 
on submitting ammonium amalgam to pressure, 
its volume diminishes in the same way as does 
that of a ^as, and httnee he considers that the 
ammonia and hydrogen exist in the amalgam as 
gas, and that the spongy mass is only a froth of 
mercury enclosing these gases. 

Gellatlin (Zeitsch. f. Chem. [2] 5, 607) asserts 
that when ammonium amalgam, free from 
sodium, is placed in contact with phosphorus, 
phosphoretted hydrogen is evolved, and he 
infers that the hydrogen must be in the nascent 
state. 

Pfeil and Lippmann (Compt. rend. 62, 426) 
state that trimethylamme hydrochloride also 
forms a spongy amalgam which quickly decom- 
poses with evolution of hydrogen and formation 
of trimethylamine ; saturated solutions of the 
hydrochlorides of aniline, coniine, morphine, 
and quinine give off hydrogen only. 

Electrical amalgam is made by melting to- 
gether 1 part of zinc and 1 part of tin, and then 
adding 3 parts of mercury. An amalgam of 
cadmium is used in the construction of the 
cadmium standard oeU; this amalgam and its 
electrical behaviour have been studied by F. E. 
Smith (Phil. Mag. Februa^, 1910). 

Silvering amalgams. For metals, 1 part of 
silver to 8 parts of meroury ; for glass, 1 part 
each of lead and tin, 2 parts bismuth, and 4 parts 
meroury. The use of amalgams for silvering has 
been almost completel}it superseded by the use — ^in 
the case of glass— of chemically- deposited silver, 
and in the oase of metals by eleotTo-plating. 

Tdth fillings. 1. Copper preoipitated from 
copper sulphate solution with zinc, washed with 
sulphuric acid containing a small quantity of 
mercuric* nitrate, and amalgamated with twice 
its weight of meroury (Fletcher), has the pro- 
perty ox softening wita heat and hardening again 
after a few hours. It is a permanent filhng, as 
the ooppM salts penetrate and preserve the ^th 
substance. It has the objection of stainhig the 
tooth, and is only used in posterior teeth. % A 
pdladium amalgam Is sometimes employed, but 
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its ramdity of Betting, intense black colour, and 
cost aie against its gMoral use, 3. An alloy of 
silver 68-6, tin 26-6, gold 6, and zino I p.o. 
(Black) ; or silver 69-0, tin 26-6, gold 4, and 
zinc 1 p.o. (TuUooh), amalgamated with mer- 
cury, is extensively employed, m it has a good 
edge strength, and suffers little, if any, shrinkage. 
The shrinkage is the greatest difficulty to over- 
come in order to render alloys of permanent use 
for leoth filling, the object being to secure such 
a proportion of metals that the shrinkage of one 
may be overcome by the expansion of another, 
and so obtain a watertight plug. W. R. 

AMALIO ACID u. Alloxantin. 

AMANITA •mUSCARIA. Fly odanc. A 
poisonous fungus, used in Kamtschatka and 
Siberia as a narcotic and intoxicant, and, when 
steeped in miUc, as a. fly-poison. A narcotic 
organic base, muscarine. CrHijNOs, which is the 
hydrated aldehyde of betaine, has been isolated 
from it (Schmiodeberg andHarnack, J. 187«, 804). 

The natural muscarine is like the arlifaciaJ 
rroduct in crystalline form, solubility, and 
composition of its platino- and auro-cWorides, 
and to a large extent in its physiological action, 
but unlike the artificial muscarine it docs not 
induce paralysis of the intermuscular nerve- 
terminations in the frog, and myosis in the pupils 
of the eyes of birds (Nothnagel, Ber. 2b, 801). 
It differs both in constkution an<4 properties 
from anhydro- and wo-muscarine. 

A green and red dye of composition 
aiidC„H„0, rcsrcctively, havoako 
been isolated from it (Griffiths, Compt. rend. 


130, 42). 

AMARANTH v. Azo- colourino matters. 
AM ARIN. Trade name for tnphenyldihydro- 
glyoxaline. , 

amatol, a mixture of 80 parts of ammo- 
nium nitrate with 20 parts of trinitrotoluene 
(T.N.T.). Used as an -explosive, /b’ee Explo- 
sives. . ^ - 

AMAZON-STONE. A bright-green variety of 
the potash -felspar microcline (KAlSiaOn). It is 
found in granitic rocks near Lake Ilmen m the 
Ural Mountains, at Pike’s Peak in Colorado, 
and of very good quality in Madagascar. It 
is used to a limited extent as a gem-stone, and 
for making various small ornamental objects 
(V. Felspar). 

AMBAR UQUID v. Balsams. 
AMBATOARINITE p. Ancvutb. . _ . . 

AIPBR or SUCCINITE, (Bernstein, Ger.) A 
foBBil resin derived from the extinct conifer 
PiniUsiucGinifer (Goppert), andfound as uTcgular 
•n^ules in strata of Tertiary age, principally on 
the Frusflian coast of the Baltic. The ambe^ 
bearing stratum lies pa^^-ly below sea-level, and 
the amb^ washed out by the action of the wa-ves 
is picked up on the sea-shore or won by dredging. 
Such ‘strand-amber* was formerly collected 
farther west, as far as the coast of Holland, and 
isolat^ specimens are picked up on the eastj 
coast of &gland (Norfolk, Suffolk, and Essex). 1 
At the present time the bulk of Prussian or 
Baltic amber is obtained from pits and mines in 
the ‘blue earth* in Samland, East Prussia. 
Here the production in 1907 amounted to 
4(Ni*300 kilos, end in addition about 20,000 
kilofl was collected on the 8ca*shore. 

Beltio amber differs from other fossil resins 
in containing succinic acid* whidh is present to 
the extent ofS to 4 p.c. in perfectly transparent 


specimens, but reaching 8 p.o. in cloudy 
r frothy ’) amber. It is therefore distiimphed 
by the mineralogioal name eucciniYe, and: in the 
trade the tendency is to apply the name amber 
exclusively to Baltic amber. The composition 
is somewhat variable, averaging C, 79 p.o. ; 

0, 10-6 p.o. ; H, 10-5 p.c. ; *nd oorr^onding 
approximately with the formula 
Sulphur is also present (0*26 to 0*42 p.c.), and 
some ash, usually about 0‘2 p.c., but increas- 
ing in amount if the material encloses foreign 
matter. Amber is, however, not a simple 
resin ; when heated, it gives oil of amber (S'.v.) 
and other products, and by tHe action of solvents 
at least four different kinds of resin can be ex- 
tracted from it. According to 0. Helm, Baltic 
amber contains 17 to 22 p.c. of a rosin (m.p. 106®) 
soluble in alcohol; (^to 6 p.c. of a resin (m.p. 
146®) insoluble in alcohol, but soluble in ether ; 

7 to 9 p.c. of a resm (m.p. 176®) insoluble m 
alcohol and ether, but dissolving in caustic 
potash; and 44 to 60 p.c. of insoluble 
bitumen. 

Baltic amber is usually pale yellow, rangmg 
to brown or reddish-brown in colour, and it 
varies from perfect transparency to opacity. 
The varying degrees of turbidity are due to the 
presence of vast numbers of microscopic air- 
I bubbles. The enclosure of insects and fragments 
of wood and dirt in amber is well known, and 
' points at once to the mode of origin of the 
! material According to differences in colour and 
transparency, various trade names are applied, 
such as ‘clear,’ ‘ flohmig,’ ‘cloudy,’ ‘bastard,* 

^ ‘ osseous ’ or ‘ bone,’ and ‘ frothy.’ The sp.gr* 
ranges from 1-05 to MO (varying with toe 
porosity) ; and the hardness is 24 , being rather 
higher than that of most other resins, which 
latter can be scratched •with the finger-naiL 
T'he material is brittle and breaks with a oon- 
choidal fracture. When out with a knife, 
parings are not obtained, but only powder. It 
can bo turned on the lathe and takes a good 
polish, being worked with whiting and water or 
rotten-stone and oil, and finished by friction with 
a flannel When heated^ amber begins to soften 
at about 160®, giving a characteristic odour ; 
it melts at 360®-376®, that is, at a higher 
temperature than other resins, giving dens© whit© 
fumes with a peculiar aromatic odour, and 
causing violent ooUghing. When rubbed it 
becomes negatively electrified (from the anient 
name electron, for amber, the word ‘ electricity 
is derived) ; end when rubbed vigorously it e^te 
an aromatic odour, but does not becom© sticky 
like other resins. These characters serve to 
distinguish true amber from the more abundant 
copal; the latter is further usually clearer, 
lighter in colour, and more gummy in appear- 
ance. 

In the trade the material is sorted into many 
grades suited for various purposes. The larger 
pieces of ^tter quality (‘ work-stone’) are out 
mto beads and other small personal omamente, 
and are largely used for making the mouth* 
pieces of tobacco-pipes and cigar- and cigarette- 
holders. Smaller end impure fragm^tl 
(‘ varnish ’) are melted down for the manufac- 
ture of anlber varnish and lac ; but in 
years such material is largely converted by th« 
application qi heat and hydraulic pressure into 
blocks of prised amber or ‘ ambroid.’ About 
36,000 kilos of pressed amber is nqyr produced 
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annually from three times the amount of rough 
amber ; it is cut for ornaments and smokers’ 
mouth-pieces. Prices (current in 1908) for 
rough ‘ work-stone ’ vary, according to size and 
quality, from III. to IO 5 . per kuo, and for 
smaller, inferior material (‘varnish’) about 5s. 
mr kilo. Pressed amber fetches 41. to 51. per 
kilo. The produoiion and the trade in amber, 
as well as the literature of the subject, is almost 
exclusively German, though the finished articles 
are largely mode m Vienna. 

Other varieties of fossil resin closely allied 
to amber, but regarded as distinct from Prussian 
or Baltic amber (sdooinite), are the following : — 

Beckarite (E. Pieszczek, 1880), a black resin 
occurring with Prussian amber. 

BurmitRf Birmite, or Burmese amber (F. 
Noetling, 1893), a dark rpddish-brown, amber- 
like resm, which has long been mined in Upper 
Burma and used in China. It is found in large 
masses, one seen by the writer weighing 33^ lb>s., 
whilst the largest piece of Prussian amber yet 
found weighs only 9-7 kilo.s (21^ lbs.). 

Chemawirnte (B. J. Harrington, 1891), 
Cedarite (R. Klebs, 1897), or Canadian amber, 
found as pale yellow fragments the size of a j>ca 
to that of a wabiut on the beach of Cedar Lake, 
near Chemahawin in Saskatchewan. 

JJelatynitr, (J. Niedzwiedzki, 1908), from 
Delatyn in the (iabcian Carpathians, differs 
from succinite in containing rather mori; carbon 
(79’93 p.c. ), less succinic acid (0'74-l‘G7 p.c.), 
and no sulphur. 

Qedrite (0. Holm, 1878), a bright, pale yellow 
resin found with Prussian amber, but differing 
from this in containing less oxygen and no 
succinic acid ; m.p. 140*^. 

Olesaite (0. Helm, 1881), also found with 
Prussian amber ; it contains no succinic acid, 
but prolwtbly some formic acid ; m.p. 200®. 

Boimanite^ Rom anile, Rumanite, or Rou- 
manian amber (0. Helm, 1891), a brownish- 
yellow to brown resin, found in Tertiary sand- 
stone at several places in Roumania ; it re- 
sembles Prussian amber in containing some 
succinic acid (0'3-3‘2 p.c.), and is characterised 
by the relatively large amount of sulphur 
(1’15 p.c.) ; m.p. 300®. 

Simetite, or Sicilian amber (0. Helm and H. 
Oonwentz, 1886), a clear winc-red to gamet-red 
remUf remarkable for its beautiful green or blue 
fluorescence, found in the river Simeto and other 
parts of Sicily. It contains only 0 4 p.c. of 
succinic acid. 

Siantienite (E. Pieszczek, 1880), a brown 
resin occurring with Prussian amber. 

For several papers on amber and amber-like 
resins, by 0. Holm and by P. Dahras, see Schr. 
natf. Ges. Danzig, voLs. iv-xii (1878-1908). 
See also Max Bauer, Edelsteinkunde, 2nd edit. 
1909, and English transl. (Precious Stones), by 
L. J, Spencer, 1904. L. J. S. 

AMBER, OIL OF, When amber is heated 
it softens, fuses, and gives off succinic acid, water, 
oil, and a combustible gas. If the residue 
(omophony of amber) be more strongly heated, 
a odlourless oil passes over. These oils, accord- 
im to Pelletier and Walter (Ann. Chem. Phys. 
[8j#, 89), have the composition of oij of turnen- 
tke. ^ distilling with water, a pale-yellow 
ou, having a strong odour and , acrid taste, 
<0^ be obtained. It blackens and thickens on 


exposure to air and heat, boils at 86®, and has 
a Bp.gr. of 0 768 at 24®. One part of the rectified 
oil mixed with 24 parts of ^oohol (0-830) and 
96 of ammonia, forms eau de Zwce, a celebrated 
old perfume. By mixing ‘ eau de luce ’ with 
nitric acid, artificial musk is made. Its solution 
in alcohol was formerly considered as a specific 
for whooping-cough (v. also Oils, Essential, 
and Resins). 

AMBER VARNISH v. Varnish. 

AMBERGRIS. {Amhergris, Fr. ; Am- 

bar, (^er.) (J. Soc. Chem. Ind. 1890, 429.) Is 
found in the sea, near the coasts of tropical 
countries, and as a morbid p»-oduct in tho 
intestines of tho cachalot or sperm whale 
{PhybC-ler macrncephalus). 

Arabergrip is generally found in fragments, 
blit pieces have been obtained weighing upwards 
of 270 lbs. Its sp.gr. ranges from 0-780 to 
0-926 (0-780 to 0 896 Brande, 0-908 to 0'92() 
Pereira). If of good quality, it adheres like 
wax to the edge of a knife with wliich it is 
scraped, retains the impression of the nails, and 
emits a fat odoriferous liquid on bsfcig penetrated 
with a hot needle. It is generally brittle, but 
on i-ubbiiig it with the nail it becomes smooth 
like hard soap. Its colour varies from black 
to white. Its smell is peculiar, and not easily 
counterfeited. It melts at 02-2°, at 100® it 
IS V olatilis^d as a white vapour ; on a rod-hot 
coal it bums and is entiiely dissipated. Water 
has no action on it ; acids, except nitric acid, 
act feebly upon it ; ether and tho volatile oils 
dissolve it ; so do the fixed oils, and also 
ammonia when assisted by heat ; alcohol 
dissolves a portion of it. 

The principal constituent of ambergris is 
amhrcin (q.v.) ; its inorganic constituents are 
carbonate and phosphate ol calcium, with 
traces of ferric oxide and alkaline chlorides. 

Used by perfumers. 3’he ("hmoso test its 
purity by scraping it upon boiling tea, in which 
it should wholly melt. 

AMBERITE v. Explosives. 

AMBLYGONITE. Fluo-phospliate of alu- 
minium and lithium AlPO^jLii^ crystallising 
in the anorthic system. It is usually found as 
whitish cleavage masses much resembling felspar 
in appearance, from which it is distinguished by 
its liigher sp.gr. 3-01-3-09 and chemical cha- 
racters. It occurs in granitic rocks at Montebras 
in France, Cacarcs in Spain (with tin ore), Pala 
in California, &c. At each of the places named 
it has been mined for the preparation of lithium 
salts, the phosphate being a by-product. It 
contains about 10 p.c. of Tithia. A variety in 
which tho lithium is largely replaced by sodium 
has been found as greykm-white cleavage-masses 
in pegmatite near Canyon City in Fremont Co., 
Colorado, and named natramblygonite or 
fremorttite. In another variety, known as 
montebrasite from Montebras in France, hydr- 
oxyl largely replaces tho fluorine. The general 
formula for the mineral is then 

{Li,Na)Al(F, 0 H)P 04 

L. J. S. 

AMBREIN. {Amhreine, Fr, ; AmbarMoff, 
Ger.) Isolated Pelletier and Caventou, hy 
digesting ambergris in hot alcohol, sp.gr. 0’827* 
Ambreln C* 8 H 4 oO, purified by repeated (ays- 
talUsations from alcohol, is a white solid, separa* 
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ting in slender needles, m.p. 82®, which oxliibit 
the phenomenon of i^perfusion for a long time 
even if sown with crystals. When warm and 
dry, it becomes highly electrified on slight 
ruDbing. It has no optical activity, and is a 
neutral substance, insoluble in water, but 
soluble in most organic solvents, from which it 
does not crystallise out at all readily. When 
acted on by bromine in carbon tetrachloride 
solution, it gives an ociobromo- derivative 
(j!a3H320Br(„ a white vitreous solid. Chlorine, 
under similar conditions, decomposes it. On 
warming ambrein with phosphorus penta- 
chloride, a white, amorphous mass of pentachloro- 
ambrein C23H35UCI., is obtained (Riban, Compt. 
rend. 1912, 164, 1729). 

AMBRITE. A brown translucent resin, 
similar to retinite, found in association with 
New Zealand coal [v. Resins). 

AMEISINE. Trade name for aluminium 
formate. 

AMENYL. Trade name for the hydrochlo- 
ride of methyl hydrastimide. Forms yellowish 
needles, m.p. •227°. Soluble in hot water or 
alcohol. 

AMERICAN COW or MILK TREE WAX 
V. Wax. 

AMERICAN ELEMI v. Olko-kesins. 

AMETHYST. A purple transparent variety 
of crystallised quartz (Sifla)^ used t,s a gem- 
stone. So named, from afi(dv(TT 0 Sy ‘ not drunken,’ 
owing to the ancient belief tliat the stone when 
worn as a charm prevented intoxication {v. 
Quartz). L. J. S. 

AMEtHYST. Tetramethyl safranine and 
tetraamyl safranine are found in commerce 
under this name (0. Azines). 

AMETHYST, ORIENTAL, r. Corundum. 

AMIANTHUS {Amiante, Fr.) Mountain 
flax {v. Asbestos) 

AMIDASE V. Enzymes. 

AMIDATION. The operation of introducing 
the amino group NHj, as in the production of 
aniline from nitrobenzene by means of iron 
and hydrochloric acid. 

AMIDE POWDER. An explosive similar to 
ordinary gunpowder, in which, in place of the 
sulphur, an ammonium salt is employed in 
combination with saltpetre, in such proportions 
that on ignition potassamide, volatile at high 
temperatures, is formed, Tliis imireases the 
useful effect of the explosive, which burns with- 
out residue (Gaens, Eng. Pat. 14412, 1886 ; 
J. Soc. Chem. Tnd. 5, 678). 

AMIDINES. Compounds containing ami^ 
dogen and imidogen attached to the same carbon 
atom, e.g. acetamidine CH2*C(NH)NHa ; henz- 
amid»n€C3H6C(NH)NH2.* They are formed by 
the action of amines on thio- amides or nitriles, 
or on the products formed by acting (m the 
amides with phosphorus pentachloride, or by 
treating the cyanamides with the Grignard 
reagent (Adams and Beebe, J. Amer. Chem. Soc. 
1916, 38, 2768). 

AMIDOAZOBENZENE or ANILINE YEL- 
LOW v.Azo- COLOURING MATTERS. 

AMIDOGENE. An explosive made by dis- 
solving 73 parts of potassium nitrate and 1 part 
magnesium sulphate in one-third their weignt of 
bomogwatw; 8 parts of ground wood charcoal, 
8 parts of bran, and 10 pai'ts of sulphur are added, 
and the whole is digested for two hours at 140® ; 


it is then dried at 60® and made into cartridges 
(Gemperle, J. Soc. Chem. Ind. 3, 191 ; 1, 201 ; 
Biedermann’s Chem. Tech. Jahrb. 7, 146). 
AMIDOGUANIDINE v. Hydrazines. 
AMIDOL. Trade name for 2 : 4-diamino- 
phenol hydrochloride, used as a photographic 
developer. • 

AMIDONAPHTHOLS v. Azo- ooloueing 

MATTERS. 

AMIDONAPHTHOPHENAZINE u. Azines. 
AMIDOPHENOPHENANTHRAZINE v. 

AztNT.S. 

AMIDOPYRINE [Pyrami^on). Trade names 
for 4-dimethylamino antipyrine. 

/CJIs 

N/ 


CHa-Ni 


/\ 


CH3 


)CO 

iC-N(CIl3)3 


Prepared by treating an acid solution of anti- 
pyrme with sodium nitrite, reducing the nitroso- 
antipyrine to amino-antipyriiio, condensing with 
benzaldehyde, and decomposing the benzylidene 
derivative with hydrochloric acid. The product 
on raothylation yields amidopyrine. 

AMINES. Aminos or ‘ ammonia bases ’ may 
be regarded as bubstanccs d(‘rived from am- 
monia by the substitution of hydrocarbon radicals, 
lor hydrogen. They may also bo looked upon as 
derived from hydrocarbons by the replacement 
of one or more hydrogen atoms by NHg or its 
alkyl substitution products NHR or NRR'. 
The definition of the term may be taken to in- 
clude alkyl derivatives of hydrazine and hydra- 
zoic acid, and compounds such as nitrosamines 
diazo-compounds ; also others which contain 
nitrogen linked to nitrogen or elements other 
than carbon, as well as alkyl- residues. It 
also incluaes compounds m which the nitrogen 
forms part of a ring, as in pyridine, pyfrol, and 
their derivatives, among wkioh the alkaloids 
may be mentioned. The majority of these 
more complex substances are treated of in 
detail in special articles {see arts. AZO- 

COLOURING MATTERS ; ^ AzIN KS ; BONE OIL ; 

Quinoline, &c.), and come within the scope of 
this only in so far as they possess the general 
characteristics of the ammonia bases. 

Amines are classed as primary, secondaxT, or 
tertiary, according as one, two, or three of the 
hydrogen atoms of ammonia have been replaced 
by alkyl or aryl groups. Thus the general 
formula of the primaiy amines is NHaR, of the 
secondary amines NHRR', and of the tertiary 
amines NRR'R"', where R, R', and R" may be 
identical or represent different radicals. The 
rQnctions of the amines differ to some ex* 
tent according as the substituting radicals are 
(1) all aliphatic ; (2) mixed aliphatic and aro- 
matic, with the nitrogen attached to the aliphatic 
residue, as in benzylamine ; (3) mixed aliphatic 
and aromatic, with the nitrogen attached to a 
carbon atom of the benzene ring, as in methyl 
aniline ; and (4) pure aromatic amines such as 
aniline itself, di- and tri-phenylamine, and their 
homologues. Substances of groups ( 1 ) and (2) wiU 
be referred to here as* aliphatic and aromatic 
amines respectively, and those of ^ups (3) and 
(4) as arondatic amino* compounds. Aromatic 
amino- compounds serve as the starting materials 
in many of the different branches of the dyeing 
lindustry, and ure prepared artificial^ in large 
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fjoantities (see arts. Anilinb ; Azo- coloueibg 

MATTBBS ; TrIPHKNYLMBTHANE COLOURIKO 
MATTERS ; DiPHENYLAMINB, &0.). 

With the important exception of the vege- 
table alkaloids, the amines are not widely 
distributed in nature, Uiough some of the lower 
members of tho^ fatty series (methylamines) 
occur in plants and in the blood of some animals. 
They are, however, found as decomposition 
products of animal and vegetable organisms, 
and of mineral substances. Thus the methyl- 
amines are found. in herring brine and in decom- 
posing fish. Otherf<, chiefly diamines, are found 
in certain pathological conditions of the urine, 
and as decomposition products of the animal 
tissues (ptomaines). The decomposition of 
proteins gives rise to largo numbers of ammo- 
aoid6. Aniline was first isolated as a product 
of the distillation of indigo, and it and its 
homologuea as well as other bases are present 
in the dis^lates from bone oil (Uippel’s oil), 
and of coal tar. A mixture of fatty amine.s is 
obtained in the dry distillation of tlie residues 
in the beet-sugar industry, and this, under the 
name of ‘ trimethylamiue,’ of which it contains 
about 6 p.c., 18 used in France for tlve preparation 
for industrial purposes of methyl chloride ; on 
.account of the greater solubility of its hydro- 
cliloride, it has also been used instead of ammonia 
in the preparation of potassium carbonate, in a 
manner analogous to the Solvay method for the 
preparation oi sodium carbonate, but the procc.ss 
does not seem to have been commercially 
successful. 

General methods of preparation, 

1. By action of ammonia or its alkyl deriva- 
tives on siibstitution * products (generally haloid 
or hydrog^yl derivatives) of hydrocarbons. 

The method first described by Hofmann 
(Phil. Trans. 1860, 1, 93 ; 1851, 2, 357), of heating 
alkyl halides (preferably bromides or iodides) 
with ammonia, is available for the preparation 
of primary, secondary, and tertiary aminos of 
the fatty series, and if aniline is substituted for 
ammonia, for the prejiaration of secondary, 
tertiary, and aromatic ammo- compounds. 
Quaternary ammonium compounds are also 
formed in the reactions, which may be repre- 
sented as follows : — 

NH, -f RRr = NH.R HBr 
NH,R + R'Br - NHKR' HBr 

. NHRR' -f R^'Br = NRR'R'^ HBr 

, Nm'R" -f R^'^Br = NRR'R''R'"Br 
The reaction will take place, though only very 
slowly, in Uqueous solution, more quickly in alco- 
holic solution, and best on heating in alcoholic 
solution in sealed tubes at 100'^. The products 
obtained may contain haloid salts of one or all j 
the possible amines, and of the quaternary I 
hoses, and the proportions vary with the con- 
ditions of experiment (Werner, Chem. Soc, Trans. 
1918, 113, 899 ; 1919, 115, 1010). On distilling 
the pn }daot with excess of alkali a mixture of 
thi three amines is obtained ; the three amines 
moy be Bepam>ted fromdthe mixture by making 
use of th^ different modes of reaction with 
oxo&fi ester, the chlorides of aromatSc sulphonio 
ooids, Gri^ard’s reagent, acetic anhydride, or 
eoetyl ohmride, which are dealt* with below. 
The three ethyl amines have been separated bv 


fractional distillation (Gamer and Tyrer, Ghem. 
Soo. Trans. 1916, 109, 17A Of. also Price, J. 
Soc. Chem. Ind. 1918, 37, 82. 

In the preparation on the large scale of 
secondary and tertiary aromatic amino* com- 
pounds, e.g. dime thy laniline, the primary amine 
18 heated under pressure directly with the 
alcohol and hydrochloric or sulphuric acid at 
180®-200°. Here the alkyl group is exchanged 
directly for hydrogen without the intermediate 
separation of the alkyl halide. The presence of 
other negative groups in the benzene molecule 
increases the ease with which the NH^ group 
can displace halogen groups. Tjrus the oblorine 
atoms of chlorbenzene can be replaced by NHj 
groups by the action of ammonia if the benzene 
ring also contains^ NOj groups. A catalytic 
method of preparing mono- and di-methy laniline, 
in which the vapoiiis of methyl alcohol and 
aniline are passed over aluminium oxide at 40U°- 
430*^, is descrihed by Mailhe and de Godon 
(Compt. rend. 1918, 106, 407). 

Amines may also bo obtained by heating 
zinc ammonium chloride with alrohols at 260°- 
200° (Merz and Gasiorowski, Ber. 1884, 17, 
023). 

Alcohols or phenols will react with ammonia 
or its alkyl derivatives on heating in the presence 
of zinc chloride, calcium chloride, or other 
! catalytic d^jent (JMcrz^and Weith, Ber. 1880, 13, 
1298 ; Morz and Mueller, Ber. 1886, 19, 2901). 

, Mixtures of the vapours of alcohol and 
I ammonia or primary amine led through tubes 
! containing finely divided thoria or tungsten 
oxide at 300° give aminos (Sabatier and 
Mailhe, Compt. rend. 1908, 148, 898). 

Sodamkle or its alkyl substitution products 
may be used instead of ammonia in the case of 
aliphatic amines. 

NHgNa + CH 3 CI = NHa'CHg -}- NaCl 
(Lobeau, Compt. rend. 1905, 140, 1042 ; Cha- 
blay, Compt. rend. 1905, 140, 1202). ('/. 0. 
Matter, 1 ). B. PF., 30J450, 301832. Sodamide 
will also react with anhydrous sulphuric esters 
of the aliphatic scries, and with aromatic sul- 
phoiiic acids to give primary amines (Jackson 
and Wing, Ber. 1880, 19, 902 ; Titherley, Chem. 
Soc. Trans. 1901, 79, 399). 

By heating ammonium chloride with a con- 
centrated solution of formaldehyde under 
pressure, methylamine, dimethylamine, and 
trimethylamine are successively produced (Esoh- 
weiler, D. R. P. 80520, 1893). 

2. By reduction of nitrogen-containing sub- 
stances. 

Primary amines may be obtained by the 
reduction of nitro- compounds, nitroso- com- 
pounds, oximes, hydrazones, azo- and hydrozo- 
compjunds, amides and amidines, and nitiies. 
Since the nitro- compounds of aromatic hydro- 
carbons are cosily prepared by direct nitration, 
the reduction of nitro- compounds is by far the 
most generally used method for the preparation 
of aromatic primary amines. Zinin m 1842 pre- 
pared aniline from nitrobenzene, by the action 
of alcoholic ammonium sulpUde, and thi» 
method is still in use for the reduction of tho 
diuitrobenzenes to the nitroanilines. On the 
commeroial scale, as for instance in the pre- 
aration of aniline, iron and water with some 
vdroohiorio acid is usuaUv emnioved as thsr 
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redttoing agent. Another method for the 
reduction of nitro- compounds, nitriles, oximes, 
and hydrazones, ootAists in heatiim in a stream 
of hydrogen in the presence of nnely divided 
nickel or copper (Sabatier and Senderena, Compt. 
rend. 1902, 126, 226). A great deal of work on 
this method, resulting in a large number of 
patents, has been carried out. With a copper 
catalyst obtained by reducing the carbonate, 
formate, oxalate, or nitrate by hydrogen or 
carbon monoxide below red heat, reduction of a 
nitro- compound is effected by hydrogen at a 
temperature of 200° C. or less. Higher tempera- 
tures lead to impure products and to poisoning 
of the catalyst (Badische Anilin und Soda 
Fabrik, D. R. PP. 263390, 1914 ; 282608, 1916). 
Other contact agents are described by the same 
patentees in Eng. Pat. 6092, 1915. According to 
D. R. P. 282492, 1916 (Meister, Lucius, and Brun- 
ing) a quantitative yield of aniline is obtained by 
passing nitrobenzene, steam, and hydrogen at 
120° C., over finely divided nickel. In Eng. Pat. 
6409, 1915 (Badische Anilin und Soda Fabrik), 
the reduction of nitrobenzene by carbon 
monoxide in presence of steam and a contact 
agent, is described. 

Nitro- compounds may be redu(‘od to primary 
amines clectrolytically, in aqueous or alcoliolic 
acid solution, at zinc, lead, tin, copper, or 
mercury cathodes, with m, current ^density of 
0'18 amp./sq^. cm. Tin and load are particularly 
effective ii they arc present on the cathode in a 
spongy state (0. F. Bochringcr and Sdhne, 
D. R. P. 116942, 1900), 

The deduction of nitroso- compounds, 
oximes, and hydrazones, though often useful in 
the laboratory for preparing special amino- 
compounds, is seldom of use on the large scale. 
The reducing agents used are, for nitroso- com- 

E oundfl, such as nitrosophenol, sulphuretted 
ydrogen in presence of ammonia ; for oximes and 
hydrazones, sodium amalgam and acetic acid. 

The reduction of azo- compounds, wliich 
takes place according to the equation 

R-N=N~R'+2Ha=R-NH3-fNH3R' 
is mainly used in the production of aromatic 
primary diamines (c/. p-phenylcnediaraine, but 
can be used for the production of aminophonols 
or their derivatives. Thus (1). R. P. 48543), 
by diazotising one molecule of p-aminophenetol 
and coupling with phenol the azo- compound 
CgjPEjOCjH* — ^Nj — Cr6H40H is produced, and 
this on ethylation and reduction gives two 
molecules of p aminophenetol. The usual re- 
ducing agents for azo- compounds are stannous I 
chloride, zinc-dust and water or acetic acid, ' 
and Boium hypo8ulphit^(Na,S304). 

Amides, amidines, and nitriles are best re- 
duced by sodium and alcohol. 

R CO'NH, R OH3NH3 

R-CH(NH)‘NH3 R'CHaNHo-l-NH, 

R*CN R CH3 NH, 

The formation of methylamine by the reduc- 
tion of alkali cyanides and ferrocyanides with 
hydrogen in the presence of colloidal palladium 
has bwn patented (Riedel, 1913, D. R. P. 
26452$). For the catalytic reduction of hydro- 
wanio acid see Barratt and Titley, Chem. Soo. 
Tmm. 1919 , 116 , 002 . 

Secondary amines may be produced by reduo* 


m 

tlou of the i^-esteiB q! the oximes (Goldschmidt, 
Bor. 1892, 26, 2694 Dunstan and Goulding, 
Chem. 800. Trans. 1897, 71, 573 ; 1901, 79, 628) 
or of the tsonitrileB, or of the condensation 
products formed by the action of primary amines 
on aldehydes. 

NCH3 (CH,)3CH*NHCH, 

R— N : C R NH CH, 

R N : CH R' RNH CH^R' 

A special case of the third reaction — the 
methylation of primary amines by means of 
formaldehyde, without isolation of the inter- 
mediate condensation product — is of great 
techmcal importance. According to a patent 
of F. Bayer & Co. (D. R. P. 287802, 1916), any 
primary amine may be methylated by being 
heated to a high temperature with formaldehyde 
in presence of some reducing agent other than 
formaldehyde or formic acid. A process for the 
preparation of methylaniline by the action of 
formaldehyde on aniline has been described by 
G. T. Morgan (Eng. Pat. 18081, 1915). The 
mechanism of the reactions involved in methyla- 
tion by formaldehyde has been investigated by 
E. A. Werner ((’licm. Soc. Trans. 1917, 111, 844). 

3. Frwn amides hy the action of bromine 
and 'potash. (Hofmann, Her. 1882, 16, 762.) 

This reaction is mahily applicable to the 
preparation of primary fatty amines, and gives 
good yields only with the lower members of the 
series. The first product of the reaction is a 
bromamide, and this on further treatment with 
potash gives potassium bromide and an iso- 
cyanate, which is saponified, giving an amine 
and a carbonate, the alkyl group being trans- 
ferred from the carbon to the nitrogen atom, as 
in the ‘ Beckman rearrangement * (Mohr, J. pr, 
Chem. 1906, [2] 73, 177, 228). 
CHg-CONHa+KOH+Br, • 

-CHaCONHBr+KBr-fH.O 
CHa-CONHBr-f KOH = CHaNHa+COg-f KBr 
Azides on boiling with alcohol or water, and sub- 
sequent treatment with ,jonc. HCl give amines. 
R-CONa-l-CaHa'OH = 'RNHCOOCaHa+N. 
R-NH-COOCallg-fHaO 

=RNHa-fCOa-hCaHaOH 
(Curtius, Ber. 1894, 27, 779; 1896, 29, 1166; 
Forster, Chem. iSoc. Trans. 1909, 96, 433). 

4. From compounds containing imido {or 
amido) groups in which one atom of hydrogen is 
replaceable by alkali metals. 

(а) From wocyanates, wothiooyanates, and 
wocyanides. 

Alkyl woeyanates (prepared from metallic 
tsooyanatea and alkylhaloids) are hydrolysed 
by alkalis (Wurtz, Annalen, 1849, 71, 330). 

The interest of this method is mainly 
historical, since it led to the discovery of the 
amines by Wurtz in 1848. Primary amines 
are the chief product, but secondary and tertiary ■ 
amines are also formed in small quantities. 
CaKsNCO+HaO = CaHjNfla+CO, 

Alkyl tsothiocyandtes and wocyanides are 
hydrolysed by treatment with concentrated 
hydrochloric acid. * 

CjHsNCS-f H,0 = CaHs'NHa-hCOS 
CaHfiNC+HaO == CaH^NHa+HCOOH 

(б) Phtha-Vimide, on treatment with alooholio 
potash, gives ^potassium phthalimide, and this 
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an alkyl derivativa on treatmani with {&) Blagnesiuin alkyl iodides form addition 
•a^l iodide, wliich on hydrolysis with fuming compounds with phenyl ts^anate ; these, on 
yields a piimaiy amine. treatment with water are converted into 

CA(CO)aNK+BI==C,H.(CO).NR4-KI > anilides, which yield amines on saponification 
C^4(CfO)4NR+2HjO^C«H4(COOH),-fNHjiR (Blaise, Compt. rend. 1901, 132, 38, 478, 978). 
(Gabriel, Ber. 1887, 20, 2224 ; 1891, 24, 3104). disl^imof amim- acids with hatyla. 

Gabriel and Ohle (Ber. 1917, 50, 804, 819) find CHaCHCTSrf CHa'CHj NH, + CO* 
that aitylene oxides will react with potassium „ ... , < j 

phthalimide with tho ultimate fonhation of Ah faw primary ayd secondary amin^ 

aminohydroxy compounds. obtained by the action of fotash on the 

(c) A similar method, avaUablo for the V-^^trosp. denvaitves of secondary ard tertiary 
preparation of secondary amines from primary, 

IB due to Hinsberg* (Annalon, 1891, 179, 265). NO*CeH 4 JN(CHa)a 

The sodium derivative of a substituted benzene- „ .xTunw T ^ iNlOHalaXl 

sulphonamide (derived from the action of benzene HOila + ^ . tuju .n u 


sulphonylchloride on a primary amine) is treated 
wito an alkyl iodide, and the product hydrolysed 
with hydrochloric acid at 120®-180°. 


C.H^O.’NB-Na -» O.H,SO,-NRR'-> NHRR' k'^ 


= NOC,H,OK+NH,'CH, 
8. Tertiary amines can be by heat- 

ing piimary and secoidary bases with excess of 


Johnson and Ambler use toluene- w-sulphon- 
amides in the same way (J. Amer. Ohem. Soc. 
1914, 36, 372). E. Fischer finds that a better 


lUVNH-fCHjOSOaK-RR'NCHa-fHOSOaK 
General Properties. 

T’he amines of the aliphatic series are vola- 


yield of the amine is obtained by treating the | tile inliammablo substances, the lower members 


disubstituted sulphonamide with hydriodic acid j being gases oi liquids with low boiling-points, 
and phosphonium iodide (Ber. 1015, 48, 03). | very soluble in water and strongly alkaline 

(o) The derivatives of tlio amides of tho j to litmus ; the density of the liquid mciu- 
earboxylic acids, though loss suitable, on account i hers of tho scries is about 0*75 that of water, 


of their less acidic properties, can be used m tho and increases slightly with increase in the 
same way as the derivatives of the Bul})]ionarnidos molecular w eight. T4 oir basicity, measured by 
(Tithorlcy, Chom, ISoc. Trans, 1001, 70, ,30 Oj. the conductivity method, is considerably 
(5) From compounds ‘which certain substances greater than that of ammonia, and they will 
form wiUi alkyl haloids. saponify esters and precipitate oxides from the 

(a) Hexa methylene totramine, formed by the salts of many of the heavy metals. They have 
action of ammonia on formaldehyde, gives an ammoniacal and fishy odour, '(ho smell, 
addition compounds of the type C 4 lIj 2 N 4 *RI infiamm ability, boiling-point, and solubility in 
with alkyl iodides. These on treatment with water become less with increase in the mole- 
HCl and alcohol are decomposed, giving primary cular weiglit, and the highest known members 
amines (Dcl^pine, Coftipt. rend. 1897, 124, 292 ; are odourless solids at ordinary temperatures. 
Ann. Chim. Phys. 1898, [7] 15, 508). They react with moist air with formation of 

Aliphatio Amines. 


Methyl 
Ethyl . 

Propyl 
wo-Propyl . 

n-Butyl 
isO'Butyl 
sec. Butyl . 
tert. Butyl . 
jpriw. w-Amyl 
wo- Amyl 

krt. Butyl-methyl 
HC, n-Amyl . 
sec. iso-Amyl 
tert. Amyl . 
j)rm. n-Hexyl 
„ „ Heptyl 

„ „ Octyl 


Duodeoyl 
Trideoyl . 
Tetradecyl 
Pentodecyl 
Eexadeoyl 


Primary compounds 

Secondary compounds 

Tertiary compounds 

Mpt. 

B.pt. 

Sp.gr. 

B.pt. 

Sp.gr. 

B.pt. 

Sp.gr. 


-6-7° 

0-699 (-11°) 

+ 7® 

0-686 (-6°) 

.f3-5° 

0-662 (-6®) 

-83-8'^ 

-1-19° 

0-708 (-2°) 

66® 

0-711(-fl6®) 

90® 

0-736 (-f 16°) 

— 

49° 

0-728 (0°) 

110® 

0-738 (20®) 

166® 

0-771 (0°) 

— 

32° 

0-690 (18°) 

84® 

0-724 (15®) 

— 

— 

— 

77’8° 

0-742 (16°) 

160® 

— 

216-5® 

0-791 (0®) 

— 

66° 

0-736 (16°) 

136® 

— 

187® 

0-786 (21°) 

— 

63° 

0-718 (20°) 

— 

— 

— 

— 

__ 

43-8° 

0-698 (16°) 

— 

— 

— 

— 

— 

104° 

0-766 (19®) 

— 

— 

— 

— 

— 

95° 

0-760 (18°) 

187® 

0-782 (0®) 

236® 


— 

82®-83° 

— 

— 

— 

— 

— 

90®-91° 

0-749 (20®) 

— 

— ^ 

— 

— 

— 

83°-84° 

0-767 (18-6®) 

— 

— 

— 

— 

— 

78-6° 

0-748 (16®) 

— 

— 

— 

— 

— 

129° 

— • 

— 

— 

260® 

— 



163° 

0-777 (20®) 

— 

— 

— 

— 

— 

176M77° 

0-777 (26-8®) 

297® 

— 

366® 

— 

— 

190°-192° 

— 

— 

— 

— 

— 

+ 17 

216‘’-218° 

— 

— 

— 

— 

.... 

16° 

232° 

— 

— 

— 

— 

— 

27° 

*27° 

248* 

— 

— 

— 

— 

— 

266° 

— 

— : 

— 

— 

— 

37° 

102° fits mm.) 

— 

— 

— 1 

— 

j — 

36-6° 

298M01° 

— 

— 

— 

— 

— 

46® 

187°(16mm.) 

— 

— 

— 

— 


1 49° 



1 



... 




Hosotioauis Of AmOiOn. 
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Frimoiy aromatlo amino- eompoondi 











Formula 

Popular name 

Systematic name 

M.pt. 

B.pt. 

« 

Bp.8r. 

BKA- 

0|HbNH2 . 
CHsC«H4NH2 . . 

aniline . 

amlnobenzene . 

-80 

1880 

1-024(180) 
0-999 (20®) 

0-998 (26°) 

iia? 

ortho toluldlne 

meta „ 

1-methyl - 2 - aminoben- 
zene 

1-methyl - 8 - aminoben- 
zene 

- 

1990 

199° 

noo 

66-60 

• 

para 

1 -methyl - 4 - aminoben- 
zene 

+ 42'80 

198"^ 

— 

1680 

(CHaljCeHs'NHa • 

1-2-3 ortho xylidine 

1 ; 2-dlmethyl-8-amino- 
benzene 

— 

228° 

0-991 (16°) 

1840 


1-2-4 „ „ 

1 : 2-dimethyl-4-amino- 
benzene 

+4d^ 

226“ 

1-076 (17°) 

990 


1-8-2 meta „ 

1 : 8-dimethyl-2-amino- 
benzene 

1 : 8-dimethyI-4-amino- 
benzene 

1 : 8-(limetliyl-f»-amlno- 
benzene 

1 : 4-dimetiiyl-2-araino- 
benzene 

— • 

216° 


176-60 


a 83 rmm. meta xyll- 
dtne 

symm. meta xylidine 

- 

216° 

0-918 (26°) 

129° 


- 

223° 

0-972(16°) 

140-6° 


para xylidine 

+ 15-60 

216“ 

0-980 (16°) 

139-6° 

C2HIb’C«H4'NH2 • • 

para amino ethyl 
benzene 

1 - ethyl - 4- amino- ben- 
zene 

-60 

214° 

0-976 (22°) 

94-60 

(OHslsCeH/Nffa . 

meaidine 

1 : .8 • 6-trimethyl- 2-ami- 
nobenzene 

•— 

283° 

— 

216° 


pseudo- cumidlne . 

1:2: 4-trimethyl-6-ami- 
nobenzene 

+ 68° 

234° 

— 

[1640 

(C2H6'CH2'CcB[4'NTl2 • 

para amino propyl 
•benzene • 

1 - propyl - 4 - aminoben- 
zene 

— 

226° 



(CHs)2 CHC,.H4NH2 . 

cumldine . 

l-<sopropyl-4-aminoben- 

— 

218° 

— 

102-6° 

(CH3)4CcH'NH2 . 

prehnidine , . 

1:2:8: 4-tetramethyl- 
6-aininobenzene 

+70° 

260° 


172° 


iROdurldine . 

1:2:8: 5-tetramethyl- 
4-aminobenzene 

+240 

266° 

0-978 (24°) 

215° 

(CH8)(OaH7)CoH, NH. . 

carvacrylamlne , 

l-methyl-4-Mopropyl -2- 
amlnobenzene 
l-methyl-4-i«opropyl -3- 
aminobenzene 

— 

241° 

0 944 (24°) 

72° 


tliymylamlne 

- 

280° 

- 

112-6° 

(CH8)2 CH OHj Cm.H, NH2 

, para amino isobutyl 
benzene 

1 -tsobutyl-l-aminoben- 
zene 

+ 17° 

' 230° 

• 

0-987 (26°) 

170° 

{OHslfiCoNHy . . 

amino pentamethyl 
benzene 

pentamethyl amino- , 
benzene 

„ 162° 

278° 

— , 

218° 

C6 Hi) CoH4 NH2 . 

amino woamyl ben- 
zene 

““ 

— 

260° 


-“ 

CgH] 7‘C(!H4'NH2 . 

para amino octyl 
benzene 

1 - octyl - 4 - aminoben- 
zene 

+ 19-6° 

310° 

— 

93° 

CicH88'Ci,H4’NH2 

amino cetyl benzene 

hcxadecyl aminoben- 
zene 

63° 

266° 

jjl4mm.) 

A 274^ 

(15 mm.) 


104° 

Ci8Hj7'C6H4NH2 . . 

amino octadecyl 

benzene 

octadecyl aminoben- 
zene 

61° 




carbonates. Aromatic amines (benzylamine and 
its hoinologues) closely resemble the aliphatic 
amines, but are not quite so strongly basic in 
character, owing to the presence of the negative 
phenyl group. The aromatic amino- compounds 
(aniline ana its hoinologues) arc less basic than 
ammonia, and the basicity diminishes with 
increase of the number of phenyl- groups attached 
to the nitrogen atom. Thus the salts of diphenyl - 
amine are hydrolysed •by water to a greater 
extent than those' of aniline, whilst triphenyl- 
amine is a neutral body and forms no salts 
with acids. Comparatively few amiftes are 
known which contain only aromatic groups ; of 
these aniline and diphenyl amine are prepared 
on the large scale in the dyeing industry, as well 
as many secndary and tertiary amino com- 
pounds containing both fatty and aromatic 
gronns. 

The aromatic amines are much more easily 
substituted by halogens, the nitro croup and 
the Sttliphonic group than the hydrocarbons 
from which they are derived, and the substituted 
derivatives , obtained are of great importance 


in the dye industry. In substituting with 
halogens or nitric acid it is often necessary to 
protect the amino group by acetylation, the 
acetyl group being subseq^uently removed. 
The purely wiphatic amines find little use out- 
side BjTithetioal chemistry. Some are used in 
the preparation of drugs ; they have also been 
used (as well as derivatives of aromatic amines) 
as catalysts in the vulcanisation of rubber (Twias, 
J. Soc. Ghem. Ind. 1917, 786). 

The above lists of the chief homologiies of 
methylamine and aniline are taken from Meyer 
and Jacobsen’s I^efarbuch der Organiscnen 
Chemie. 

All classes of amines form addition products 
with acids, containing one molecule of base to 
one molecule of monobasic acid. Compounds 
containing three molecules of HCl to one of 
amine have also been obtained (Korczynski, Ber, 
1908, 41, 4379). The** picrates are specially oha- 
racteristii ana are used for the identification 
of the amines, as are also the double salts with 
platinum ejid gold chlorides, which have the 
general fomuilie B 2 H 2 PtCl 9 and BHAuCfi^ respec- 





4m ^ jjmm. 


jMlj. Ha&y aUphfttio ftmines form hydrates 
with one moleotiM of water of oiystamsatlon. 
Double salts with merourio chloride and stannous 
and stannic chlorides (Druoc, Ohem. Soo. Trans. 
1918, 118, 716), and with silver salts, crystallise 
well, and organic analogues of ammonium pyro- 
phosphate and arstnate are known, but are not 
very stable (Brisac, Bull. Soo. chim. 1903, [3] 
29, 691). With alkyl halides they form 
quatemanr ammonium compounds of the type 
NRR'R"K"'I, where RR'R"R'" may be the 
same or different radicals. In cases where these 
radicals are all different, the substances are 
capable of existing in two ennntiomorphous 
optically active forms, and a number of these 
have been isolated. Enantiomorphic compounds 
of the type RR'R"N — 0 have also been isolated 
(Meisenheimer, Ber. HK)8,*4^1, 3966; Annalen, 
1911, 385, 117). The quatornaiy ammonium 
compounds, unlike their inorganic analogues, are 
not decomposed on boiling witli potash ; on 
heating alone they give tertiary amines and 
alkyl halides. 3’he corresponding bases are 
obtained from their halides by treatment with 
moist silver oxide ; they arc strongly alkaline 
to litmus, and the solutions geneially decom- 
pose easily on evaporation, but some of the 
aliphatic members have been obl-ained crystal- 
line by evaporation in vacu6. I'he rate of forma- 
tion of quaternary ammonium compounds from 
tertiary amines and alkyl haloids is found* to 
yax^ greatly with the constitution of the re- 
acting substance and the nature of the solvent 
(Menschutkin, Zeitsch. physikal. Chem. 1890, 
(i, 41 ; Wedekind, Ber. 1899, .32, 51 1 ; Annalen, 
1901, 318, 90; Preston and Jones, (Ihem. Soc. 
Trans. 1912, lOJ, 1930; Thomas, Chem. Soc. 
Trans. 1913, 103, 694). • 

The formation of* quaternary ammonium 
oompouncls by addition of oxchss of methyl 
iodide to an amine gives a quantitative method 
for the determination of the number of rejjlncc- 
able hydrogen atoms in the substance. Analysis 
of the original compound and of its quaternary 
methyl derivative gives the number of methyl 
groups which have entered into the molecule. 

Compounds containing five hydrocarbon 
radicals attached directly to nitrogen were for a 

a * time thought to be incapable of existence. 

compounds have now been isolated by 
SchWIik and Holtz (Ber. 1916, 49, 603; 1917. 
60, 274). 

With several reagents, the different classes 
of amines show different reactions, and separa- 
tion and purification of the amines formed in 
onany of tne methods above referred to may be 
carried out by making use of such differences. 
Primary and secondary amines sometimes give 
similar reactions, whilst tertiary amines are more 
stable. 

• * Reactions. 

1 . With nitrous acid. 

Primary amines, on boiling with potassium 
or sodium nitrite in acid solution, give alcohols 
or phenols with evolution of nitrogen. 

RlSrHa+HONO - ROH+Nj+HjO 
In many oases where a primary alcohol would 
be expsotea a mixture of primary and secondary 
akwhols is obtained (Henry, Compt. rend. 
1907* 146. 899, 1247). 

SecondUuy amines give nitrosamines, which 


on boilhkg with oonorHCl are again transfoiwied 
into the original amines. « 

RR'NH+HONO = RR'N'ND-f H,0 
RR'N'N0+2HC1 = RR'NH-HCl+NOCl 
Tertiary amines do not react. 

Primary aromatic amino- compounds react 
differently if their solutions are kept cooled. 
They give diazo- compounds acoordmg to the 
following equation ; — 

RNH2,HC1+H0N0 = RN : NCI+2H*0. 
This reaction is of the greatest importance, 
for the diazo- compounds are very ’mstable, and 
on treatment with various substances either 
form substitution products of benzene hydro- 
carbons with evolution of nitrogen, or retain the 
nitrogen and form azo- compounds, which are 
the parent substances of the azo- dyes. Thus, 
if the diazo- compound be boiled with water, 
alcohol, cuprous chloride, bromide, or cyanide, 
phenol, benzene, chlor- brom- or cyan- derivatives 
respectively are produced. If the diazo- com- 
pound is treated with a substance containing a 
phenol or aromatic amino- group, a coloured 
substance is formed which is capable of fixing 
itself as a dye on a fabric. Compounds derived 
from unsubstituted amines have only a limited 
application for dyeing purposes, as they are 
generally insoluble in water ; the sulphonio acids 
derived fri^m them fire, however, generally 
soluble, and are used extensively {see art. Azo- 
o()r,oiJKiNO MATTERS). The reactions are ex- 
pressed by the followhig equations : — 
CeHfiNaCl-f OeH^OH-OoH^N : NCeH^OH+HCl 
CeHeNaCl+CeHjNiCHjf^a 

=CflH,N : NCcH,N(CH 3 ) 2 -f HCl 
Tertiary aromatic compounds, such as 
dimethylaniline, react with nitrous acid to 
form 7 )-nitroso compounds, where the nitroso 
nitrogen is attached to the carbon of the benzene 
ring in the para- position to the substituted 
ammo- group. These are highly coloured sub- 
stances, and serve as intermediate compounds 
in the production of certain colouring matters 
(methylene blue, &c.), which are used in the 
colour industry. On treatment with caustic 
potash they give secondary amines and salts of 
nitroso phenol. 

Since nitrites of primary, seconda^, and 
tertiary amines have been isolated (wallach, 
Chem. Zentr. 1907, ii. 64 ; Neogi, Chem. Soc. 
Trans. 1912, 101, 1610 ; and 1914, 106, 1270), 
it is probable that in all the above-mentioned 
reactions the nitrite of the amine is formed as 
an intermediate product. 

2 . With chlorides of aromatic sulphonic acids. 
Primary and secondary amines in strong 
alkaline solution are Converted into amides 
by» shaking with chlorides of aromatic sul- 
phonic acids; tertiary amines do not imct. 
Of thesi amides, PlrSOjNHR and PhSO^NRR' 
respectively, the first only are soluble in dilute 
alkalis with formation of salts. The primary 
and secondary amines can be regenerated from 
the amides by boiling with cone. HCl or H 1 SO 4 
at 120°-160° (Hinsberg, Ber. 23, 2963 ; Annaies, 
1891, 266, 178). E. Eischer (Ber. 1916, 48, 98) 
recommends hydrolysis by hydriodic acid and 
phosphonium iodide. These reactions provide the 
only generally applicable method for separatkig 
mixtures of primary, secondary, and tertiary 
amines. 
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Primaiy sad Moonda^ amiaes giTe» os a 
rule, acetyl derlvatiTta wbidi are insoluble in 
cold water ; tertiary amines either do not react, 
or form soluble acetates and hydrochlorides. The 
primaiT and secondary amines may be regene- 
rated by hydrolysis of the acetyl derivatives. 
Since the velocity of the formation of the acetyl 
derivative of the primary is much greater than 
that of the secondary amine, a method based 
on this difference in property has been used to 
separate the two (Mensohntkin, Chem. Zentr. 
1900, 1, 1071 ; Potozki and (Iwosdow, ihid. 
1903, it. 339). 

The action behzoy clilonde is similar to 
that of acetyl chloride. 

4. With oxalic eder. 

Several of the aliphatic primary and secondary 
amines react with ethyl oxalate, tho former ' 
giving solid diamides and the latter liquid 
oxaraio esters. Tertiary amines do not react. 
Primary and secondary amines are regenerated 
by boiling with potash (Hofmann, Ber. 1870, 3, 
109, 776 ; Duvillier and Bui.sine, Ann. Chim. 
Phys.* [6] 23, 299). Hofmann used these 
reactions for the separation of the three ethyl- 
amines, and it has been used since in other cases. 

6. With magncsiiirn methyl iodides. 

Primaiy amines react, giving two molecules 
of methane for every molecule of arni^e : 

RNHa+2MeMgI = RN(MgI)2-f-2CH4 

Secondary amines react in a similar manner, 
but give one molecule of methane for every 
molecule qf amine : 

RR'NH+CHaMgl =* RirNMgl+CH^ 

Tertiary amines either do not react or they 
form addition compounds with the reagent 
(Sudborough and Hibbert, Chem. 8oc. I'rans, 
1909, 95, 477; Hibbert and Wise, ( hem. Soc. 
Trans. 1912, 101, 344). • 

6. With o-xylyl(‘7ie hromide. 

Primary amines react, giving two molecules 
of HBr and Ikjuid derivatives of o-xylyleneimine 
(dihydroj‘«oindol). 

Secondary amines react, giving crystalline 
quaternary ammoUium bromides and one mole- 
cule of HBr : 

Br 


Tertiary aliphatic amines give addition pro- 
ducts of one molecule of xylylenebromide with 
two of amine. Tertiary aromatic amines and 
amino- compounds do not react (Scholt^ Ber. 
1898* 31, 1707). 

7. With aromatic aldehydes. 

Primary and secondary amines form com- 
pounds with loss of water : 

C.H.CHO+NH 2 R =. C,H.CHNR+HjO. 
C«HjCkO+2NRR'H==C.H5CH{NRR')2+H20. 


Teartiary amines do not react (Schiff, Annalen,' 
159, 159), 

IfffA chloroform and potash. 


no 


Primaiy wwgMwidw oa 

RNH|4-C!Ha»-f8H:oH*.itNC+ai:a+»H^ 

(Hofmann, Ber. 8, 757). ^ 

Secondai^ and tertiary amines give 
characteristic reaction. 

9. With carbon disulphide. 

Aliphatic primary and secondary 
react as follows : — 

CS, + 2NH,R = 

CS,+2 NHRR'=SO<|R^Kjj'. 


On boiling the jvrcwluct o^ the action of CS^ 
on primary amines with metallic salts (HgClj or 
FeClj), mustard oils are produced, and primary 
amines partly regenerated. 

+h,s + ira.R. 

(Hofmann, Ber. 8, 105, 401 ; 14, 2764; 16, 
1290). 

Aromatic amines give substituted thioureas. 


2RNHj-fC8,=H,S-f(RNH),CS. 


10. With the alkali meUds. 

Primary and secondary amines dissolve with 
evolution of hydrogen and formation of sub- 
stances of the tfpe HNHK or RNK^. Tertiary 
amines do not react. 

11. With oxidising agents. 

Oxidation with potassium permanganate 
decomposes aliphatic amines with formation of 
aldehydes and acids. 

I With Caro’s acid (HjjSOb), primary amines 
iof tho type RCHjNHj are oxidised to hydroxyl- 
amines and hydroxamio acids, all of which give 
a characteristic colouration with ferric chloride. 
Ketoxiracs are formed from amines of the type 
RR'CH-NH.^.whilstthosPof the typeRR'R"C*NH g 
give nitro.so- and nitro- derivatives (Bamberger, 
Ber. 1902, 36. 4293 ; 1903, 30, 710). • ^ 

With hydrogen peroxide alipliatio, secondary, 
and tertiary amines give hyclroxylamines and 
N-oxides of type RR'NOH and RR'R"NO (Dun- 
Stan and Goulding, Chem. Soc. Trans. 76, 
1104). 

Oxidation of aniline and its para compounds 
gives quinone. 

12. With hypochlorous acid. 

Tertiary amines react with hypoohlorouP 
acid to give a dialky Ichloramine (Meisenheimer, 
Ber. 1913, 61, 166) 

(CHg)3N4-2HClC) 

« {CH3)gN-Cl+CHgO+HgO+Ha 
Diamiwbs. 

These may be regarded as derived from , 
hydrocarbons by peplacement of two hydrc^n 
atoms by two amino- groups, or from two 
molecules of ammonia by replacement ctf two 
hydrogen atoms one from each molecule by ft 
hydrocarbon residue. Certain of them occur 
as decomposition products of the animal organ- 
ism, the chief of these being ptUresdne (tetra- 
methylene diamine), and ca^verine (penta- 
methylene diamine). Diamino- acids are an 
important product of the decomposition of 
proteins. 

Preparation . — The *inethods are entirely 
analogous t^ those used in the preparation of 
I monamines. Aliphatic diamines are obtained 
‘ by the action pf aqueous ammonk on dihalogen 
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dirivatiVM of hydrocarbons ; this method it not 
generally applicable to the preparation of 
aromatic mono- or diamino- compounds, but a 
modification of it, which consists in treatment 
of jp-chlormonamincR with aqueous ammonia in 
presence of copper salts, is used in the commercial 
manufacture of ^p-phenylene diamine and its 
homologues (Ger. Pat. 204848, 1908). Aromatic 
diamino- compounds are prepared on the com- 
mercial scale chiefly by the reduction of 
dinitro- compounds ; but practically all the 
methods for the production of monamines are 
also available for that of diamines. 

Properties. — The aliphatic diamines are 
strongly basic substances, their basicity in- 
creasing with the number of methylene groups 
(Bredig, Zeitsch. physical. Chem. 1894, 19, 308). 
Their boiling-points are much higher than those 
of the corresponding nibnaminos. 4'heir hy- 
droxides, which are diacid bases, are extrcmel3' 
stable, and arc only decomposed on boiling 
with caustic alkalis or distillation over metallic 
sodium. The list of the chief aliphatic dia- 
mines and their physical constants p, 133) 
is taken from Meyer and Jacobsen’s Jjehrbuoh 
dcr Organise her (Jiiemie. The unsubstituted 
aromatii! diamino compounds differ Irom the 

Aliphatic 


ooimpondiiig m^paminaa by being eMfiy 
soluble in water. 'Fheir solu^ons in water asn 
easily oxidised, but the dfry bases are stable in 
air. 

ReacUons . — Diamines give the ordinary 
reactions characteristic of the amino- group, but 
primary aromatic o-amino- compounds and to 
some extent aliphatic diamines, possess in 
addition, the property of forming condensation 
products containing nitrogen rings, m- and p- 
diainines do not exhibit this property. 

1. With aldehydes. 

With aliphatic diamines, cyclic compounds 
are formed as well as the ordinary alkylidene 
bases. Thus the action of formaldehyde on cold 
solutions of ethylene diamine results in the 
lonnation of a compound CgHj^Ni, to which 
the formula 


CHj- N— CHa— N— CH, 



has been assigned (Bischoff, Bor. 1898, 31, *3264). 

Aromatic o-diamino- compounds give aide* 
hydines or anhydro bases : 

Diamines. 


Ethylenediamlne 
Propylene „ 
Trlmethylenediamine 

o^-dlamlnobutane 


pentane 


/i-iDethyl-afi-diamlnobutaue 

aC-diaininohexane . 
fie- „ „ . . 


/J-njethyl-aS-dlainlnopcntane , 
/3-methyl-af- „ „ 

/3ydimethyl-i8y-diaininobutaTie 

ari'diaminoheptane . 
aS-diaminooctane . 

/Je-dlraethyl-pe-diamlnohexane . 

y^-dlmethyr-yfi-diaralnohexane 

ai*diaininononane 

/!C-dlmethyl-i3C*dlanil»ioheptnne 

att-diaminodecane . 

jSi^-dimethyl-jSii-dlarainooctane 


CH3dH(NH,)0H .•NH2 
NHa CBi: CW. CHa NHa 

OH3 CH2 CH(NH •) 

CH3 CH (KH -) CM-, CUi-mii 

CHz CHa CH. CH. NH2 
OHsCHCNH;*) Oir(NH2)CH,H 

NH2 CH./CH./f)H2 CHo OH2 NHo 

CH8CH(KH2)CH2CH(NH2) CHs 


lfH 2 -CH 2 -CH(CH 3 ) CHcCHa-NH, 

Nirs-CHo(CH 2 )<Clt 2 -NH 2 

CH3-CII(Nn2)(CH2)2CIl(NH2)CHa 

NH2-Cn2'CII{Cn3)-CIl2'CH(NH2)CH3 

NHj’CH2-CU-(CH8)(CH2)2CH2NH2 

(CH 8 ) 2 C(NH 2 ) C(NIl2)(CH3)2 

NH«(CH.,)7NIl2 

NH 2 (CH 2 ) 8 Nll 2 

(CF3).C{NH2)(CH2)2(NH )C(CH3)a 

0,H6-C(CH3)(NH2)(Nir iCtCHaVCaHc 
nh2(CH2)3NH2 

(CH3)2C(NH2){CH2)3{NH2)qCH 3)2 
NH 2 (CH 2 ),oNHa 

(nTs)2C(NH2)(CH2)4(NITo)C(Cn3)2 


M.pt.*’ 

B.pt. 

8p.gr. 

+8-6° 

ll6-6° 

0-902 (16°) 

— 

ne°~i 20 ° 

0-878 (16®) 


135°-136° 
(738 mm.) 

— 

— 

130 ‘-155° 


— 

141 ° 




(738 mm.) 


27°-28° 

168°-160° 



only known 

as its salts 

— 

— 

178°-179° 

0-917 (0°) 

a modiflea- 

46°-47° 

— 

tion 

(20 mm.) 


fi modiflea- 

43°-44° 

— 

tion 

inactive 

(n-i2mm.) 

172°-173° 

0-8886 (^) 

form 


\ 4® / 

active form 

170° 

— 

89°~40^ 

100° 

(20 ram.) 

— 

^ derivative 

176-5° 
(753 mm.) 


X M 

174-6°-176-6° 

— 


(762 mm.) 



176° 


— 

78°-80° 

(18 mm.) 
147°-149° 

— 

97°-99'» 

— 


(740 mm.) 


28°-29° 

223 "-226° 


62° 

225°-226° 

— • 

Bolidiflee 

186° 

0-868 (2^) 

at0° 

only kno^n 
37'^7*6° 

(768 mm.) 
as its salts 


268°-269° 


- 

204°-206° 
(749 mm.) 

0-8664 (p 

01-6° 

140° 



(12 mm.) 


31° 

226°-229° 

0-8844 ) 



VO® / 


OHCR 


k/OT.' 


OHCR 




;CR + 2H,0 




(Ladenburg and Engel breebt, IJer. 1878, 11, 
1(153 i Hinsberg, ibid. 1880, 19, Jiu26). 

- The aJdehydines are strongly basic bodies, 


and not decomposed on boiling with dilute 
acids and alkalis. They are very stable towards 
oxidising and reducing agents. Their deriva- 
tives are used os dyes. 

p- and m-dlamines give alkylidene bases. 

2. With i.'Z-dicarbonyl compoiinds {ddkhydu 
or ketones). 






o-Diaminp compowds rea^t to rive quinoxa- 
^ (adoe) derivativee (Hinsberg, Annalen, 342, 
1886): 

-NH, 0:CR 


^OR 


4-2HjO 


k/N 


0 : CR 

3. With nitrons acid. 

o-Diamino- compounds form azimines (La- 
denburg) 

/\nh, 

i,o +H0N0=:( I ^N-h21IA 

/NH, ^ \/\^^ 

Diamino- compounds both m- and p- will 
react in the ordinary way in presence of much 
hydrochloric acid, giving bis-diazo- compounds ; 
in neutral solutions »w-diamino- compounds give 
triamino azo benzene and its bomologues. The 
reaction in the case of ?n-phonylonc diamine is : 

MONO 

= NH,-CJl4-N:N-C,Il3{NH,),. 
The substances formed are brown and very 
deeply coloured. The reaction is used as a tost 
for tne presence of nitrites in water analysis 
(Griess, Ber. 1878, 11, 624). 

Aliphatic diamines give glycols and oxides 

4. With organic acids, acid chlorides or 

anhydrides. • • 

Aliphatic diamines and m- and p-diamino- 
compounds form normal derivatives ; in the 
oases of aliphatic substances, these derivatives 
are partially decomposed on heating, giving 
cyclic compOjUnds of the iminoazole type : 
CHa-NHCOCHa CH,— NH 
I = I ^CCH,+cn,’COOH 

(JH,-NHCOCH, CH,— n/^ 

o-Biamino- compounds give similar com- 
pounds, without the intermediate formation of 
the acyl derivative: 

/\nh, 

' J +CH,-COOH 

/NH, ^ xNH 


■U, 


,C-CH3 + 2H,0 


5. With mineral acids. 

All diamines form stable salts. Those of 
the aliphatic scries are decomposed on heating 
with separation of ammonium salt and formation 
of oyolio compounds. Thus, tetramethylene 
iiamme gives pyrrolidine and pentamethylone 
diamine gives piperidine ; 
NH,{CH2)4]ra3,HCl==NH*Cl-fH3C| CH, 

CH, 

NHa(CHj),NHj,Ha»=NH3a+HaC^(5e, 

h,cMch3 

The higher homologues, however, do not 
form ring compounds containing a corresponding 
number of atoms in the ring. Thus, octomethy* 
lime diamine hydrochloride, on heating, does not 
give ootomethylene imine, which would contain 
a ri^ of nine atoms, but 2-butylpyrrolidine. 
j^Uwly, deoamethylene diamine gives 2- 
hea^lpyiiolidine (Blaise and Houillon, Compt. 
md. 1906, 142, 1641 ; 1906, 143, 361), 


The aromatic diamines ate the starting* 
points for the preparation of a larae number of 
dyes, and henoe are of commeroial importanob. 
The following are the chief members of the 


o-Phenylenediamine C-H4(NH,)j. First ob- 
tained by Griess by the distill^ion of o-m- and 
m-p- diaminobenzoio acid : 

C,H3(C00H)(N1K)3=C3H4(NH2)3+C30, 

(1, 2, 3, or 1, 3, 4) (1, 2) 

(J. pr. Chem. |2] 3, 143). By the reduction 
of* o-nitramline UaHiiNOj) (NHa) (1, 2) (Zinoke 
and Sintenis, Rcr. 6, 123), or of o-dinitroben- 
zone C,H(i(N 02)2 {1, 2) (Rifino and Zincke, 
Ber. 7, i374), with tin and hydrochloric acid. — 
Crystallises from water in laminsB, melting at 
102°. Boils at 262°. Readily soluble in water, 
alcohol, and ether. Diacid base, the sulphate 
2[CflH4(NH 2)2,112804 ] SHjO forms nacreous 
laminae. It gives all the reactions for o-diamino- 
compounds referred to above. On oxidation 
with ferric chloride it gives d rod compound, 
diaminophenazine : 

. NH* 


I 


H-C3H4(NH2),+30 




:CaH2(NH2)2 +3H2O 


NH2 


N 

m-Phenylenediamine C3H4(NH2)a. By re- 
ducing w-dinitrobenzene or w-nitraniline with 
iron filings and acetic acid (Hofmann, Proo. 
Roy. Soo. 11, 618; 12, 639), or with tin and 
hydrocldoric acid (Qerdemaun, Zeitsoh. f. Chem. 
1866, 61). By reducing either (1, 2, 4)- or 
(1, 2, 6)-dinitro ben zoic a'fcid with tin and 
hydrochloric acid, the carboxyl group* being 
eliminated in the process (Zincke and Sintenis, 
Ber. 6, 791 ; Griess, Ber. 7, 1223). On a manu- 
facturing scale it is prepared by reducing dinitro- 
benzene with iron turnings and hydroohlorio 
acid. — Separates from its solutions as an oil 
which does not readily solidify unless brought 
in contact wnth a crystal of the base. Melts 
at 63°, and boils at 287°. Readily soluble in 
water. It gives the typical reactions of m- 
diamino- compounds {see above). 

By the action of a diazobonzene salt on 
m-phenylenediamine, ch ysoidine (unsymme- 
trioal diamidoazobenzene) is produced: 
C.H.N2C1 + C,H4(NH2)2 

= HCl -f C,H,N : N^C,H,(NH,),. 
In the manufacture of phenylene-brown and 
chrysoidine the solution of crude w-phenylene- 
diamine hydrochloride obtained by the reduotion 
of w-dinitrobeiizene is employed, without first 
isolating the base. A violet colouring matter is 
obtained by heating tn-phenylenediamine with 
aniline hyclrochloride to 190°-200®, and a blue 
colouring matter by heating it with tn-phenylene- 
diamine hydrochloride (Krause, Ber. 9, 835). 

p-Phenylenediamine C,H4(NH2)2. Obtained 
by reducing p-dinitrobenzene ( Rinne and Zincke, 
Ber. 7, 871), or p-nitrtiipLiline (Hofmann, Proo. 
Roy. Soo. 12, 639), or ^minoazobenzene (Martius 
ana Grieas, pr. Chem. 97, 263), with tin and 
hydrochloric acid, aniline being formed simul- 
taneously in 4he case of aminoazobenzene. 
Along with diaminodiphenylamine by reducing 
aniline- black with tin and hydroohloito acid or 
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m 

friiA hydriodJo add and amoiphons phosphorus 
(Nietzki, Ber. 11» 1097). By distilling (1, 2, 5)- 
diaminobenzoio acid (Grieae, Ber. 5, 200). By 
action of P'Chloraniiine on aqueous ammonia in 

f resence of copper salts. Crystals, melting at 
47®. Boils at 267®. Sublimes in leaflets. 
Readily soluble^ in water, alcohol, and ether. 
Yields quinone on oxidation. When oxidised in 
the presence of primary amines or phenols it 
gives indamines and indophenols, these on heating 
produce aafraninos. By heating it with sulphur 
to 160®^180®, it is converted into diamino- 
thiodiphenylamine (leucothionine, Lauih*s white) 


NH<g 


C„H3(NH,)^ 


which, when oxidised with ferric chloride, yields 
thionine {Lauth's violet) 

N 

rn 

HjNV/X /\ 

^NHJTOl 

The latter colouring matter may also be obtained 
by the simultaneous oxidation of p-phenylene- 
diamine and sulphuretted hydrogen by ferric 
chloride in aqueous solution (Lauth, Coraj)t. rend. 
82, 1441 ; Bull. Soc. Chim. 26, 422 ; Bernthsen, 
Annalen, 230, 108). If dimethyl-p-phenylone- 
diamine CflH 4 (NMe 2 )(NH 2 ) is substitute for 
p-phenylen^iamine in the foregoing reaction, 
tetramethvlthionine {methylene mue) is formed 
{v. Methylene blue). 

Tolylene-diamines {Diaminotoluenes) 

CeH3(CH3)(NH,)3. 

All the six possible compounds are known. 
Their physical constants are as follows : — 

M.pt. B.pt. 

l-Methyl.2 : 3-diamTiobenzene Cl® 

2:4 „ „ 99® 


2:6 

2:0 

3:4 

3:6 


64® 

103® 

88 ® 


255® 
283°-286® 
273® 

206® 

284® 


Only two of these, how'ever, are of technical 
importance. 

Tdyknediamine C 3 H 3 (OH 3 )(NH 2)2 (1, 2, 4). 
Obtained by the reduction of the corresponding 
dinitrotoluene. Sparingly soluble in cold, 
readily soluble in boiling water, in alcohol, and 
in ether. Forms crystalline salts. As the two 
andho groups in this compound are in the 
meta- wsition to one another, it is an analogue 
of m-plhenylenediamine, which it resembles in 
many of its reactions : thus 2 : 4-tolylenediaraine 
may either wholly or in part replace the tw- 
phenylenediamine used in the manufacture of 
ph©nylene*brown, producing colouring matters 
the shade of which is redder than that o! ordinary 
phenylene-brown. 

Tolylenediamine C,H 2 (CH 3 )(NH 2)2 (1, 2, 6) 
is obtained by the reduction of the corresponding 
itff-nitro.o-toluidine C«H,(CH 3 )(NHg)(J^O,) { 1,2,6) 
with tin and hydrochloric acid (Beilstein ana 
Kuhlberg, Annalen, 168, 350 ; Ladenburg, Ber. 
II, 166 p. Formed along with o*toluidine w'hen 
tho aminoazotoluene prepared from o-toluidine 
is treated with the sam^ reducing agent : 


(Mi 




/ 




+2H,, 



The two bases may be separated by fractional 
distillation (Nietzki, Ber. 1^ 832). This reaction 
is utilised in preparing the mixture of o-toluidine 
and -y-tolylene-diamine which, after the addition 
of a second molecule of a monamine (either 
aniline or o- or p-toluidine), yields on oxidation 
safranine. On a large scale the aminoazo- 
toluene is reduced with iron turnings and hydro- 
chloric acid. Crystalli.ses in colourless rosettes 
of tabular crystals. Readily soluble in water, 
alcohol, and ether, sparingly s^ubie in benzene. 
Yields on oxidation tf)luquinone C Jl3(CIIj)02. 

Other diamines of this series are — 

Xylylene diamines : 

1*. 3-dimethyl, 2.4-diarainobenzene, m.p. 64®. 

1.3- 4.6 „ „ „ 104®. 

1.3- „ 2.6 „ „ „ 77®. 

DiaminotrimeilLylhenzcnes : diamino- pseudo- 
cumenes: 

1.2.4- trimethyl, 6. 6-diaraino benzene, m.p. 90®. 

1.2.4- 3.6 „ „ m.p. 78®. 

Diamino mesitylene : 

1.3.6-trimethyl, 2.4'diarainobenzene, m.p. 90*. 

Similar diamines have been prepared from 
naphthalene and other hydrocarbons. 

^ TEIAMINES, a’ETEAMINES, AND PeNTAMINES. 

Very few of these substances are known. 
Their properties ere similar to those of other 
substances containing the amino group. 

triaminopropane; b.p, 190® (Curtius, 
J. pr. Chem. 1900, 62, 232). 

2.S.6'triaminohexane {MoroUi and Marchotti, 
Atti del Aooad. Lin. 1908, [6] 17, 1, 260). 

The three modifications of triaminobenzene 
are all known. 

1.2.Z- triaminobenzene; m.p. 103®; b.p. 336®. 

l.2.4f triaminobenzene is formed by reduc- 
tion of o-p-dinitraniline or of chrysoidine. On 
oxidation it gives triaminophenazin. 

1.3.6-frta?7wrM)5cnzene is only known in the 
form of its salts. 

I.2.3.4. and l.2A.64etram%n6bemenM pre- 
pared by the reduction of oximes and nitro 
compounds, have been isolated as their sparingly 
soluble sulphates (Nietzki and Schmidt, Ber. 
1889, 22, 1648 ; Nietzki, Ber. 1887, 20, 2114). 

PeTUaminobenzene has been obtained as the 
I hydrochloride with 3 molecules of HCl, by reduo- 
I tion of triaminodinitrobenzone (from tribrom- 
benzene and ammonia). Pentaminotoluene has 
been similarly obtained. 

Reduction of triiiminotrinitrobenzene gives 
• pentaminobenzene (Palmer and Jackson, Ber. 
1688, 21, I7U6, Palmer and Grindley, ibid, 
1893^; 26, 2304). T. S. M, 

AMINO-ACIDS. The amino-acids may be 
oonveniently described under the two heacUngi 
(a) Aliphatic Amino-acids, and (6) Aromaiic 
Amino-acids. 

Aliphatic Amino-acids. The amino-fatty 
acids are of great physiological imj^ttanoe, 
many of them ocouiring in plant and animal 
organisms. They are produots of proteid 4e* 
gradation, and mav be obtained from proteim 
I by heating with hydroohloric aoid or baryta 
water. The general methods in use for pro- 

narino f.ViAOA am • 
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(i.) By treating the monohalogenated fatty 
aeidi with ammoma: 

CH,(NH,)COOH 
Glycine. 

For examples, c/. Fischer and Smits {Ber. 
1906, 39, 361). 

(ii.) By heating the cyanhydrin of an alde- 
hyde or ketone with ammonia and then hydro- 
lysing the product, whereby an a- amino- acid is 
produced ; 

CH,CH<CN^ 

CH,-CH(NH,)COjH 

Alanine. 

(iii.) By the* reduction of the oyanofatty 
acids with nascent hydrogen (Zn or HCl or by 
heating with HI) : 

CN CO OH -f 2Ha = CH2(NHa)COaH 

Cyanoformio acid. 

(iv.) By Gabriel’s phthalimide reaction (i>. 
preparation of amines 4 (h) ), using a halogen 
substituted ester instead of an alkyl haloid: 


CH.Cl-COOH 
Ohloraoetlo acid. 


0H,-CH<gN 


CJI.' 


^CO- 


.NK 


CaH^C^^^^N-CHaCOOOaHa 

CeH,(COOH)a -f NHa'CHa-COOCJlB 

By using brommalonio ester the compound 

°****<Cco>NCH*(COOC,Ha3 

is obtained. The remaining hydrogen atom of 
the methylene group is replaceable by sodium, 
and by reacting with alkyl haloids on the 
sodium compound, compounds of the general 
formula 

o.h.<;;®®>n-<!(cooc3H3), 

are obtained. From those, by suitable treat- 
ment, it is easy to get acids of the general 
formula NH,*CHR'COOH (Sorenson, Zentral- 
blatt. 1903, u. 33). 

The amino- acids are crystalline bodies with 
high melting-points, usually soluble in water, 
but sparingly soluble in alcohol and ether. The 
o- compound are sweet, the /S-oompounds less 
80, and the y-compoun^ not at all. Moulds 
^ow well in solutions of y-amino-acids, less well 
m jS-acids, and hardly at all in a-acids. They 
are amphoteric, i.e. feeble bases and feeble acids, 
aqd there is reason to think that in solution 
they exist as internal salts, e.g. glycocoll : 

OH,— NHa 

(X)— -d). 

They have, in addition to the properties charac- 
teristio of amines and of acids, the following 
^eoial properties : — ^ 

(1) Their esters, with nitrous acid, give 
diaro- compounds, although the acids themselves 
undergo with nitrous acid the normal reaction 
oi aliphatio amines 

CH. NH, 0H< II 

OOOOH, COOC,] . 

]SrH|<3H,-COOH-fHNOg 

= HOCH.COOH-f H,0 

(2) Anhydridee, which are in fact derivatives 


+ 2H.0 


of j^peradne, are formed by a amine'Mida, e.g» 
glyooooU gives glydde 

NH— OH,-CO 

lo— CH,— in 

Diketopiperazino. 

Heating with glycerol promotes the forina- 
tion of these anhydrides (L. C. Maillard, Ann. 
Chim. 1916 [ix.] 3, 48 ; 4, 225). 

Important amino-aoids are glyoiue, alanine, 
phenylalanine, tyrosine, leucine, valine, serine, 
cystine, tryptophane, histidine, ai^inine, lysine, 
aspartic acid, and glutaminio acid, which are 
described under their respective headings (v. 
also Pro'I'ktns). 

(h) Aromatic Amino-acids. A true aromatic 
amino-acid sucli as anthranilic acid, contains 
both the amino- and th(^carboxyl- groups united 
to carbon atoms in the benzene ring. Isomeric 
with these are acids which contain the amino- 
group or the carboxyl- group or both, introduced 
into fatty side chains, the last two classes being 
really suDstituted fatty acids. 

The general methods in use for preparing 
aromatic amino-acids ara* 

(i.) By reducing the corresponding nitro* 
acids : 

C«H,(NO,)COOHIl:2) CflH4(NH,)COOH(l:2) 
o-nitrobenzoic acid. Anthranilic acid. 

(ii.) By treating the halogen substituted esters 
of oarboxylic acids with potassium phthalimide 
and hydrolysing the product with hydrochloric 
acid at 200 . 

The aromatic amino-acids are used in the 
preparation of azo-dyestuffs (q.v.). 

o-Aminobenzoic acid. Anthranilic acid 

C,H4(NH,)C02H , (1 : 2) 

It was first obtained by heating indigo with 
caustic potash (Fritzsche, Annalen, 39, 83). It 
may be prepared by the reduction of o-nitro- 
benzoio acid with tin and hydrochlorio acid 
(Beilstein and Kiihlberg, Annalen, 163, 138), 
or with zino and somum bisulphite (Gold- 
berger, Chem. Zentr. 1900, ii. 1014 ; v. also 
Preuss and Binz, Zeitsch. ai^w. Chem. 1900, [16] 
385 and Bad. Anil. u. Soda Fab. Eng. Pat. 18319 ; 
J. Soc. Chem. Ind. 1900, 774) ; By heating o- 
ohlorbenzoio acid and ammonia at 125° under 

E ressure (Farbw. Meister, Lucius und Briining, 
K R. P. 145604 ; Chem. Soo. Abst. 1904, i. 
50) ; by treating phthalimide with sodium 
hypoohlorite and nydrochlorio acid or bromine 
and caustic potash (Hoogewerff and van Dorp, 
Ber. 1891, Ref. 966 ; Baa. Anil, nnd Soda Fab. 
B. R. P. 56988 ; Frdl. ii. 546 ; AmBterdamsohe 
Chininefabrik, Eng. Pat. 18246 ; J. Soo. Obem. 
Ind. 1891, 831) ; by boiling phthalhydrozylamio 
acid, formed by treating phthalio anhydride 
with hydro]^lamine, with caustic soda or sodium 
carbonate ((5ie. Par. de Coul. d’ Aniline, Fr. Pet. 
318050 ; J. Soc. Chem. Ind. 1902, 1392 ; Farbw. 
Meister, Lucius und Briining, Eng. Pat. 1982, 
B. R. P. 136788 ; Basler Ghemisohe Farbw. ; 
B. R. PP. 130301, 130302) ; by reducing iubh- 
anthranilic acid deotrolytically or with sodium 
amalgam (Kalle and Co. IX R. P. 129166 ; Chem. 
Zentr. 1902, i. 1138; B.^. P. 146716; Chem. 
SoG. Abst. 1^, i. 169) ; by treating o-nitro- 
toluene with concentrate alooholio or a^eous 
alkali (Bad. Anil; und. Soda Fab. B. B. P. 
114839 ; Chem. Zentr. 1900, ii. 1892) ; by heating 
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iatoio acid with concentrated hydrochloric acid 
Kolbe, pr. Chem. [2] SO. 124) ; and by oxidiB- 
ing aoeto-o-toluidide with permanganate in 
presence of magnesium sulphate and hydrolysing 
bho product (Bad. Anil, und Soda Fab. D. R. P. 
1)4629). 

Aiithranilic ^acid is of great commercial 
importance, os it is one of the intermediate 
products in the manufacture of syntiiotical 
indigo. It crystallises in colourless plates, 
tn.p. 144*6°, and is readily soluble in alcohol or 
water. It condenses with formaldehyde, form- 
ing compounds which arc of use in the prepara- 
tion of indigo (H(/xler and Fiosselmann, Annalen, 
324, 118 ; Bad. Anil, und Soda Fab. D. R. PP. 
117924, 158090, 158346; J. Soc. Chem. Ind. 
1905, 615). Reduction with sodium amalgam 
in hydrochloric acid solution yields o-araino- 
benzylalcohol (Langguth, Ber. 1905, 2062). 
Concentrated hydrio&e acid decom^ioses it at 
200 ° into ammonia, carbon dioxide, aniline and 
benzoic acid (Kwisda, Monatsh. 12, 427) ; whilst 
nitrous acid converts it in aqueous solution into 
salicylic acid. Anthranilic acid is employed m 
the preparation of azo- dyestuffs (q.v.) (v. also 
Bayer and Co. D. R. P.P 68271, 00494. 00500, 
80314 ; Frdl. iii. 614 et s€xj[. ; iv. 795). * 

The methyl ester of anthranilic acid occurs m 
Neroli oil (oil of orange flowers) (Walbaum, 
J. pr. Chem. 1899, 59, [0-7J 360). It is prepared 
by heating anthranilic acid with methyl alcohol 
and hydrochloric acid (Erdmann, Ber, 1899, 
1213 ; D, R. P. 110380) or from acetylanthra- 
nilic acid, methyl alcohol and mineral acids 
(Erdmann, D. R. P. 113942 ; Chem. Zentr. 1900, 
ii. 831). It is a crystalline solid, m.p. 24*5°, 
b.p. 136*6® (16 mm.). The ethyl ester melts at 
13^ and boils at 136°~137° (13*6 mm.) ; at 200°- 
268* (oorr.) (Franks and Spiro, Ber. 1895, 1684) 
Aminpbenzoic acid alkamine esters (v. p-amino- 
benzoic acid). 

Anthranil qH 

C.h/ I or C.h/ I J>0 
\nh -N^ 


is the anhydride or lactam of anthranilic acid, 
its constitution being still under discussion. It 
is prepared by treating the dimeroury derivative 
of o-nitrotoluene (obtained by suspending o- 
nitrotoluene in water and heating it with freshly 
precipitated mercuric oxide and caustic soda) 
with concentrated hydrochloric acid and decom- 
posing the product with water (Kalle and Co. 
ft. Pat. 370622 ; D. R. P. 194364 ; J. Soc. 
Chem. Ind. 1907, 278 ; 1908, 713) ; by heating 
o-nitrotoluene with caustic soda to 170* (Kalle 
and Co. JD. R. P. 194811 ; Chem. Soc. Abstr. 
1908, L i%Q ) ; by the reduction of o-nitrobenz- 
aldehyde with aluminium amalgam (Briihl. Ber. 
1903, 3634) ; and by the oxidation of o-amino- 
benzaldehyde with a neutral solution of Caro’s 
•persulphuric acid (Bamberger and Demuth, Ber. 
1903, 829 ; 2042). 

Anthranil is an oil, readily volatile in steam, 
a peculiar odour, and boils at 210 *- 
218*. It di^lves in alkalis to form salts of 
anthranilic acid and on treatment with acetic 
anhydride 3 rield 8 aoetyUnthranilio acid. 

jn^Aminobenzoic acid. Benzamic acid 
C,H 4 (NHa)CO,H (1:3), is prefared by re- 
duoing m-nitrobenzoio acid with ammonium sul- 
phide and subsequently precipitating the acid with 


tartaric acid (Holleman, Reo. Tray. Chim. 1902, 
[ill 21, 66 ; V. also Gerland, Annalen, 91, 188). 
It IS a oolourless crystalline solid, m.p. 174* ; 
sparingly soluble in cold, readily so in hot water. 
Reduction with sodium amalgam in hydro- 
chloric acid yields w-aminobenzyl alcohol (Lang- 
guth, Ber. li)06, 2062). Concentrated hydriodio 
acid transforms it into ammonia and benzoic 
acid (Kwisda, Monatsh. 12, 428). w-Amino- 
benzoic acid is used in the preparation of azo- 
dye 8 tuff.s {q-v.) (Bayer and Co., D. R. PP. 68271, 
69081, 60494, 60500, 63104, 64629, 69445, 
74198, 74516, 78493, 86314; Frdl. iii. 614 
et seq., 777 et seq. ; iv. 793, 795 ; Ges. f. Chem. 
Ind., D. R. P. 76127 ; Frdl. iii. 746). Amino- 
benzoic acid alkamine esters (r. /i-aminobenzoio 
acid). 

})-Aminohe,izoic acid CaH 4 (NH 2 )C 02 H (1 1 4), 
is prepared by the reduction of p-nitrobenzoic 
acid with ammonium sulphide (Fischer, Annalen, 
127, 142) or with tin and hydrochloric acid 
(Bcilstein and Wilbrand, Annalen, 128, 164). 
It IS a colourless crystalline solid, m.p. 186*- 
187°, readily soluble in water, alcohol, or ether. 
Strong hydrochloric acid at 180° converts it 
into aniline and carbon dioxide (Weith, Ber. 1870, 
106) and hydriodic acid at 200 ° into ammonia, 
carbon dioxide, and benzoic acid (Kwisda, 
Monatsh. 12, 428). p-Aminobenzoic acid is 
used m the prepai^tion of azo- dyestuffs [q.v.) 
(Bayer and Co. D. R. PP. 68271, 60494, 60500, 
86314 ; Frdl. iii. 614 el seq . ; iv. 795 ; Ges. 
f. Chem. Ind., D. R. P. 76127 ; Frdl. iii. 746). 

Many complicated alkyl- and alkamine esters 
of the aminobenzoic acids have been prepared 
and they are claimed to be valuable antesthetics 
(Farbw. Meister, Lucius, and Bruning, D. R. PP. 
170587, 172301, 172447, 172668, 179627, 180291, 
180292, 194748, Eng. Pat. 17162, Fr. Pat. 
361734, U. S. Pat. 812664 ; J. Soc. Chem. Ind. 
1906, 607 ; 1907, 434 ; Chem. Soc. Abstr. 1906, 
i. 846 etseq . ; 1907, i. 923 ; 1908, i. 638 ; Merck, 
I). R. P. 189336; J. Soc. Chem. Ind., 1908, 
471 ; Bayer and Co. D. R. PP, 211801, 218389, 
Eng. Pat. 4321 ; J. Soc. Chem. Ind. 1909, 864 ; 
Chem. Zentr. 1910, i. 782 ; Fritzsche, Eng. Pat. 
2020, ¥t. . Pat. 398259, D. R. P. 213469 ; 
J. Soc. Chem. Ind. 1909, 814). 

1- Amino-O’toluic acid C*H|*CH,(NHj)CO,H 
(1:4:2); mip. 196*. Obtained by the reduction 
of 4-nitrotoluio acid with tin and hydrochloric 
acid (Jacobsen and Wierss, Ber. 1883, 1969). 

6-Amino-o-toluic acid CaH,-CH,(NH,)C 02 H 
(1:6:2); m.p. 153*, is obtained V the re- 
duction of 6 -nitrotoluio acid with tin and hydro- 
chloric acid (Jacobsen, Ber. 1884, 164). 

%-Amino-o4oluic acid C,H,*CH 8 (NHj)COgH 
(1:6: 2). Method of preparation as above ; 
m.p. 191* (J. and W.^l.c.). 

2- Amino-m4oluic acid CeH8‘CHg(NHa)COjH 
(1:2: 3). Method of preparation as above ; 
m.p. 132* (Jacobsen, Ber. 1881, 2364), 172° 
(Jargens, Ber. 1907 4409). 

^-Amino-m’tduic acid [MelkylatUkrandie 
acid) CeHs-CH, (NHO-COjH (1:4; 3). Obtained 
by reduction of 4 .nitro-m-toluio acid with tin 
and hydrochloric acid (Jacobsen, Ber. 1881, 2364) 
or by treating p-methylisatoio acid with concen- 
trated hydrochloric acid (Panaotovic, J. pr. 
Chem. [2] 33, 62) ; m.p. 172* (Ehrlich, Ber. 1901, 
3366), 176* (Findeklee, Ber. 1905, 3633). 

B-AmiTW-m-toluic acid C 8 H|OHj(NH|jCOfH 
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(l;6:3)} m.p. 167®, Obtained by reduction 
of 6-nitro-m-toluio aoid (Beilstein and Kreusler, 
Annalen, 144, 147). 

2'‘A'minp-p4oluic actd C8H3-CH3‘(NHj)‘C02H 
(1:2:4); m.p. 164®-1 65®. Method of preparation 
as above (Ahrens, Zeitsch. f. Chemie, 1869, 104). 

S'Amino-p-toluicacid {Horno-anlhranilic acid) 
C,H,-CH3(NHa)C02H (1:3:4); m.p. 177®. 
Method of preparation as above (Niomontowski 
and Rozanski, Ber. 1888, 1997 ; Noyes, Amer. 
Chem. J. 10, 479). 

V-AminO'O-toluic actd {licnzylamine-o-car- 
boxylic acid) NlIa'OH./GeH^-COoH (1 ; 2). Ob- 
tained by digoating 1 part of o-cyanobenzyl- 
phthalimide with 4 parts of concentrated sulphuric 
acid (Gabriel, Ber. 1887,2231). Crystalline non- 
volatile solid. 

V-Amino-m-tolvic acid {BcnzyUmint-m-car- 
boxylic acid NHj'CHa-CglT^ -CX^atl (1 : 3); m.p. 
216°-218®. By heating at 200® a mixture of 
2 grams 7n-cyanobeiizylphthalimide and 10 c.c. 
concentrated hydrochloric acid (Reinglass, Ber. 
1891, 2419). 

I' -Amino-p4oluic acid {Bcnzylaminc-p-car- 
toxyZic acid)NH2-CH2-C'r.^^4'^'G2B (1 : 4). Method 
of preparation as ahov(' ((iunthcr, Ber. 1890, 
1060). Crystalline solid. 

2-Amino-a4oluic acid {2-A7iiinophenylacc- 

act'd ) NH 2 •CflH 4 -C]l 2 ‘CO^ I (1 : 2) is not known 
in the free state ; all attem})ts to fireyiaro it 
result in the formation of its anhydride, oxindole. 

Oxindole 

is obtained by treating 2-iiitro-o-toluic acid 
with tin and hydrochloric acid (Bayer, Ber. 
1878, 583), or by reducing dioxindole with tin 
and hydrochloric acid, or with sodium amalgam 
(Bayer and ICnop, Annalen, 140, 29). Crystal- 
lises in colourless noodles ; m.p. 120®. 

'^-Amino-a4olu%c acid {‘A-Aminophenylace- 
tic acid) NHg'CeHj'CHj’COjH (1 : 3). Obtained 
by reducing 3-nitro-a-toluio acid with tin and 
hydrochloric acid ; m.p. 148®-149® (Gabriel and 
Borgmann, Ber. 1883, 20f)5). 

i’Amino-adoluic acid {ii-Aminophcnylacelic 
acid) NHg'CaHj'CHg'COgH (1:4). Method of 
aration as above (Radziozewski, Ber. 1869, 

; m.p. 199®--200® (Bedson, Chom. Soc. 
Trans. 1880, 92). 

a~Aminophenylacetic acid CeH6'Cii(NHj)COaH. 
Obtained by heating a-plienylbromacotio acid 
with aqueous ammoma at 100°-110® (Stiickonius, 
Ber. 1878, 2002) ; m.p. 256° (Tiemann, Ber. 
1880, 383). Sublimes without melting at 205"' 
(Elbers, Annalen, 227, 344). T. S. M. 

2.AM1N0ANTHRAQUIN0NE 

CO • 

oco™- • 

CO 

red needles; m.|). ,302°. Is employed in the 
manufacture of mdanthiene and indanthrene 
dyes (v. IndanthivEne). It is made technically 
by heating under i^ressure at 170°, a mixture of 
B^um anthiaqumoae-2-8ulphonate with an 
aqueous solution of barium chloride and dilute 
ammonia. The filtered product is washed with 
water, dilute hydrochloric acid, and weak 
sodium hydroxide solutions, and is crystallised 


from chlorobenzene (Farbw. vorm Meister, 
Lucius und Bruning, D. R. P. 267212). 

Or the sodium anthraquinone*2-8ulphonate, 
in the form of a paste, is mixed with manganese 
dioxide and ammonia solution, and heated at 
200°. The product is treated with sulphurous 
acid or acief sodium sulphiteP to remove the 
manganese, and dried. 

A mixture of sodium dichromate and ammo- 
mum chloride may be substituted for the 
manganese dioxide (Bad. Anilin und Soda Fab, 
1). R. P. 256515). For details, see Cain’s 
Intermediate Products for Djps. 

Alternative methods are to condense m- 
amino benzoylbenzoic acid by means of sulphuric 
acid (Basle Chem. Works, D. R. P. 148110), 
or the carbamide derivative of the same acid 
(Akt. fur Anilinfab. Eng. Pat. 8914, 1914) ; by 
hydrolysing 2-p-toluencsulphonylaminoanthra- 
quinoiio (Ullmann, i). R. P. 224982) ; by the 
action of ammonia and oxidising agents on 
m&sohalogen anthracone-2-8uIphonic acids (Bad. 
Amlin und vSoda Fab. D. R. P. 288996) ; or by 
heating 2-chloroanthraquinone with ammonia 
(Farbenfab. vorm. F. Bayer and Go. D. R. P. 
295624). 

AMINOAZOBjENZENE {Aniline yellow) v. 

AZO- COLOURINO MATTER. 

0-AMINOAZOTOLUENE 

Clla CH3 

<^n,<3>nh, 

may be made by lieatmg to 25°-30° o-toluidine 
with an aqueous solution of sodium nitrite 
and hydrochloric acid in a lead-lined iron pan 
fitted with a jacket for water-cooling and a 
stirring arrangement. Tho.'cxcess of toluidine 
is removed by neutralising with hydroohlorio 
acid when the o-aminoazotoluene hydrocTilorid© 
separates out. It is employed in the manu- 
facture of cloth rods and safranine, and is sold 
as Yellow Fat colour and as Fast Azo- Garnet 
base (c/. Cam’s Intermediate Products for Dyes). 

The base is sparingly soluble in water, 
readily soluble in alcohol lAid ether ; m.p. 100®. 

7/i-AMINOBENZALDEHyDE is prepared bv 
heating a mixture of m-nitrobenzaldehydo with 
a solution of sodium hydrogen sulphite and 
ferrous oxide, made by boiling a solution of 
ferrous sulphate with chalk. After filtration 
the solution is acidified and boiled to expel 
sulphur dioxide (Farbw. vorm. Meister, Lucius 
und Briming, D. R. P. 62950, 66241). Or the 
nitrobonzalooliydo may be heated with an 
aijueous solution of sodium hyposulphite, the 
solution cooled, mixed with hydrochloric acid, 
again boiled to expel sulphur dioxide. On 
cooling, the anhydro- derivative of o-amino- 
benzaldehyde 



separates out (Farb. Fabrik vorm. F. Bayer und 
Co. D. R. P. 218364 ; cf. Benzaldehyde, Denva- 
lives of ; and Cain’s Infe^rmediate Products for 
Dyes). 

a-AMINOCAPROIC ACID v. Lsuciira. 
p-AMlNOCARVACROL. A photographic 
developer, res^bling metol andp-aminophenol 
in dovebping 'properties; its solution keeps 
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m 

better than that of the lattei*. Obtained by 
reducing an ammoniacal solution of j}-nitro 80 
carvacrol by hydrogen uulphido when p-amino 
i-arvaorol Heparatt's m oolourlesB leaves (Brit. J. 
Phot. 1919, 66, 634). 

pAMINODipHENYLAMlNE 

nh.((2]>nh<^ 

m.p. 76° ; b.p. 364° (in hydrogen), is prepared 
by heating together in an oil-bath at 180°-186° 
a mixture of sodium 2-chloro-5-nitroben2one- 
bulphonate (from jfvchloronitrobcnzone), glycerol, 
chalk, and aniline. After dilution with water, 
sodium carbonate is added, and the excess of 
aniline removed by steam distillation. After 
filtration sodium p-nitrodiphciiylaminc-o-sul- 
phonate or^stallises outT‘ This is warmed with 
liydrochlonc acid, and nitrodiphenylamiiie- 
sulphonic acid is formed as a brownish-red oil, 
which by further heating is converted into the 
crystalline p-nitrodiphonylamine. This is sepa- 
rated, treated with ammonia, washed, and dried, j 
To reduce it, it is dissolved in alcohol, ammo- 
nium chloride added, heated to boiling, and | 
mixed with zinc-dust, and a small quantity of 
a solution of sodium hydrogen sulphite, the 
whole filtered into 60 ji.c. siiljihuric acid, when 
insoluble aminodiphenylamino sulphate scjiaratcs 
out. By treating tins salt with water and | 
ammonia the free base is obtained. (For 
details, ace Cain’s Intermediate Products for 
Dyes.) 

AMINOETHYL ALCOHOL e. Choline. 

4 /3.AMINOETHYLaLYOXALlNE v. Eroot. 

3-AMINO-7-HYDROXYPHENAZINE 


N 



is obtained, according to Niotzki and Simon 
(Ber. 1896, 28, 2974), by heating an a(|ueou8 
solution of 2 : 4-diamino-4'-hydroxydiphenyl- 
amine hydrochloride with ammonia and man- 
ganese oxide until the blue colour disappears, 
filtering, and acidifying with hydrochloric acid, 
when the phenazine nydrochlorido separates, 
Tke free base is obtained by treating the liydro- 
ohioride with sodium carbonate. 

Ullmann and Gnaedingcr (Ber. 1912, 45, 
3442) blow air through a solution of 7a-phonyIene- 
diamine sulphate and p-aminophenol hydro- 
chloride, containing sodium hydroxide. The 
compound NH ; C.HalNHj) : NVelU OH/2HsO 
is obtained, which, on solution in ammonia, 
warmed, and again treated with air until the 
bine colour changes to red, yields, after filtration 
and addition of hydrochloric acid, the phenazine 
iiydroohloride. 

3-Amino-7-hydroxyphenazme melts at 300°, 
and dissolves in alcohol or ether with a green 
flnoiesoenoe. 

f 1-AWINO-2-METHYLANTHRAQUINONE 



0litaiiM4« by adding sodium nitrate to a cooled 


solution of methylanthraquinone in sulphurio 
acid and reducing the l*nitro-2-methylanthra’ 
quinone so formed by sodium sulphide or 
stannous hydroxide ; m.p. 202°. Insoluble in 
water ; readily soluble in alcohol, ether, benzene, 
or acetic acid (Romer and Link, Ber. 1883, 16, 
696 ; Scholl and Holdermann, Ber. 1907, 
40, 1696). 

AMINONAPHTHOL SULPHONIC ACIDS v. 

NArilTHALENE. 

AMINONAPHTHOPHENi^^INE v. Azinbs. 

j) AMIN0PHEN0L may be 

made by reducing p-nitropheuol with tin and 
hydrochloric acid in jirosence of sulphuric acid 
when p-aminophonol sulphate separates. The 
base is liberated by sodium carbonate, acid 
sodium sulphite being added to prevent oxida- 
tion. The reduction may also bo made by 
sodium hyposulphite in alkaline solution, or by 
iron, ferrous cliloricle, and hydrochloric acid, 
or by the catalytic action of nickel,- 

p-Aminophenol may also be prepared by 
reducing p-azophenol OH-CeH 4 *N 2 ‘ 06 H 4 *OH, 
with stannous cfdonde or zinc-dust and sodium 
hydroxide ; or by the action of sodium hypo- 
sulphite or sodium sulpliido on a hot alkaune 
solution of p-hydroxyazobenzeno. The p-amino- 
phenol sulphate may be obtained from a solution 
of nitrobenzene in sulphuric acid by the action 
of zinc-dust, or by electrolytic reduction using 
carbon cathodes (Darrastadter, D. R. P. 
150800) ; or a copper cathode in a lead cylinder 
as an anode (Soc. Chem. Ind. Basie, Eng. Pat. 
18081, 1915). 

p-Aminophenol forms white crystalline plates 
melting at 184°. It rapidly oxidises in air. 
Comes into commerce as Ursol P for dyeing fur, 

I and as a pbotograpbic developer under the name 
I of Rodiiial. 

2-AMlNOPHENOL 4 SULPHONIC ACID 

NHa 

OH<^ )>SOjH 

Obtained by nitrating phenol-p-sulphonio acid 
with nitric acid and reducing with iron ; or by 
sulphonating o-aminophenol : or by fusing 
aniline-2 ; 5-diBulphonic acid with sodium hy- 
droxide. 

AMINOPHENOPHENANTHRAZINE v. 

AZINE.S. 

AMINOPHENYLACETIC ACID Amino- 

ACIDS (Aromatic). 

a- and iS-AMINOPROPIONlC ACIDS v. 

AMINOSALICYLIC ACID v. Sauoyuo acid. 

a-AMIMO mo-VALERIC ACID v. Valins. 

AMLA (Beng.), AMLIKA (Hind.), AHUKU 
(Ass,), OWLA (Mechi), NELU and TOPPINELU 
(Tom.). A eupnorbiaceous Indian tree, PfMtn- 
thus emUica (Linn.), the fruits of which 
mprd^alans) are used in a fresh condition as a 
laxative, and, when dried, as an astringent 
(Dymock, Pharm. J. [5J 10, 382), The fmta 
are also pickled and eaten, and used for tanning 
and dyeing. 

AMMONAL V. Exhaisives. 

AMMONIA. VoUaik alkali, (dkalim «tr, 
spirit of hartshorn. Sdutions of ammonia hafe 
been mown from very early times, but 
substance iteeH was &aA dei^y teecg&M kit 
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Priestly, who obtained it by heating the aqueous 
solution and collecting the gas, which he termed 
aliiaUne air, over mercury. Scheele proved that 
it contained nitrogen ; and Berthollet, and more 
accurately Austin, demonstrated its real nature, 
and determined the proportions of its con- 
stituents. 

Ammonia (or its salts) is found in small 
quantities in the air, and in most natural water ; 
in the juice of plants, in most animal fluids, in 
many soils, and in a few minerals, ochres, clays, 
marls, &o. Ammonia cun be obtained syntheti- 
cally in small quantity by the passage of elec- 
trical dischorgeii through a mixture of nitrogen 
and hydrogen (JJonkin, Pogg. Ann. 21, 281) ; or 
heating tlie mixture to a high temperature 
(Haber, Zeitsch. Elcktrochom. 1914, 20, 597 ; 
Maxted, Chora. Soc. Trans. 1918, 113, 108, 380; 
1919, 115, 113; J. Soc. Ohem. Ind. 1918, 37, 
232) ; or as nitrite by the action of a strong in- 
duction spark on a mixture of nitrogen and water 
•vapour (Thenard, ('ompt. rend. 70, 983) ; or as 
chloride by sparking a mixture of hydrogen, 
nitrogen, and hydrogen chloride (Heville, Compt. 
rend. 60, 317) ; or by the action of heated 
spongy platinum, pumice, &c., on a mixture of 
hydrogen and mtne acid. 

For laboratory purposes the gas is usually 
prepared by heatmg a mixture of ammonium 
chloride or sulphate with* slaked lillie, or by 
gently -warming tlio coiicontrated solution, and 
drying the gas over quicklime. (For the pre- 
paration of the chemically pure gas, .see Stas, 
Zeitsch. anal. Ohem. 6, 423.) 

Ammoriia is a colourless gas, having a very 
pungent characteristic smell, and is poisonous 
when breatlied in quantity, destroying the 
mucous membrane. It has a sp.gr. of 0’5967 
(air -- 1), 1 litre of the gas at 0^" and 760 mm. 
weighing 0*7708 gram, and readily hquetics on 
compression, the critical temperature being 
132*9'' i0*l, and the critical pressure 112*3±0*1 
atm. (Cardoso and GUlay, J. chim. phys. 1912, 
10, 614). Its critical density is 0*2362 (Ber- 
thoud). Liquid ammonia is colourless and very 
mobUe, and has a sp.gr. at 0°/4° of 0*6386 
(Dieterici), 0*0388 (Hrewes), the coefficient of 
expansion being very high and increasing 
rapidly with thd^ temperature. It boils under 
atmospheric pressure at —33*2-34*6° (Burrell 
and Robertson), and freezes to a white crystal- 
line solid at —77° (Keyes and Brownlee), 
—77° (Brill), the vapour pressure being as 
follows (Jlegnault, J. 1863, 70) : — 

at -30° 1*14 atm. at 0° 4*19 atm. 

„ - 20 ° 1*^3 „ „ 10 ° 6*02 „ 

10° 2*82 „ „ 20° 8*41 „ 

The dependence of the* vapour pressure on 
temperature down to the freezing-point may be 
expressed by the equation : log p = — 1968*66/T 
d- 16*19786 - 0-0423868T -f 6*4131 + 10-*T’ 
-3*2716 xl0-*T». 

Its latent heat of evaporation decreases from 
833*0 Cal. at -42° to 262*6 Oal. at 49°. The 
variation of the latent heat with the tempera- 
ture may be expressed by the formula 

L « 32*968Vl^~«~0*5986(133-fl) 
in which 9 representB the actual temperature and 
133 the oiiMoal temperature. The speciflo heat 
of satorated ammonia vapour expressed in 
loulsa per gram per degree varies from -4*42 


at —46° to —8*36 at 45®. To reduce these 
numbers to 20° Calories, they must be divided 
by 4*163 (Osborne and van Busen, J. Amer. 
Chem. Soc. 1918, 40, 14). The specific heat of 
liquid ammonia increases from 1*068 at —46° 
to 1*173 at 46°. Its dependence on tempwature 
may bo expressed by the equaflom 

c - 0*7498 - 0*0001360 -f 4*0263^1^-^ 

in which c is expressed in terms of the 20° 
Calorie and 0 is ilie temperature (Osborne and 
van Hiiser, l.c.). Liquid ammonia is produced 
commercially in large quantity for employment 
in freezing machines. In many of its physical 
properties the liquid resembles water, and it acts 
as a solvent for a largo number of substances. 

Ammonia gas burns with difficulty in the 
air when cold, but iillflaraes more readily on 
heating, and still more readily in oxygen, 
giving a greenish -yellow flame of high .tempera- 
ture. In presence of suitable catalysts, such as 
copper, iron, nickel, and especially platinum, 
ammonia is oxidised by oxygen at lower tem- 
peratures with production of oxides of nitrogen, 
the manufacture of nitric acid from ammonia by 
Ostwald’s process (Eng. Pat. 698, 1902) being 
carried out in tbis inannor. A number of the 
elements, when heated in ammonia gas, yield 
corresponding nitrides : boron, magnesium, and 
titanium being especially active in this respect, 
whilst the alkali metals give rise to amides. 
With carbon at temperatures above 750° 
ammonia is partly dissociated, and partly 
converted into hydrocyanic acid, the presence 
of the latter in crude coal gas being largely due 
to this reaction. 

Many salts combine with ammonia to form 
stable compounds at the ordinary temperature, 
the ammonia playing the same part as water of 
crystallisation. It is evolved on heating, liquid 
ammonia having been first obtained by h araaay, 
in 1823, by warming the compound with silver 
chloride 2AgEl,3NHg, in a sealed tube. 

The action of heat upon ammonia has been 
investigated by Ramsay and Young (Chem. Soo, 
Trans. 45, 92), Perman #{Proo. Roy. Soo. 74, 
110; 76A, 167), Haber and v. Oordt (Zeitsch. 
anorg. Chem. 44, 341), and Nernst and Jost 
(Zeitsch. Elok. 13, 621). Under atmospheric 
pressure, decomposition commences at tempera- 
tures below 600°, its extent increasing rapi^y 
with the temperature, but the speed with whion 
equilibrium is attained between undecomposed 
ammonia and nitrogen and hydrogen varies 
greatly according to the nature of the surfaow 
with which the gases are in contact. Glass is 
very inactive, but porcelain and many metals 
and their oxides have a very strong accelerating 
effect In presence of the latter decomposition 
becomes nearly complete at 630° under atmo- 
spberio pressure, but the last traces do not dis- 
appear even at 1000°. Conversely, in presence 
of iron as catalyst, Haber and v. Oordt find that 
at 1000° traces of ammonia are formed from 
nitrogen and hydrogen at atmospheric pressure, 
and Neniiit and Jost have found that small 
quantities are formed* at the same tempera- 
ture under. the greater pressure at 60-70 atm. 
At temperflftures of 600°-560° under 200 atm. 
pressure, in presence of metallic osmium or 
uranium, nitrtigen and hydrogen oombine to a 
considerable extent («ee below). 
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It has been shown by Regoncr (Sitzungsber, 
K. Akad. WisB. Berlin, 1904, 1228), and by 
D. Berthelot and Gaudechon (Compt. rend. 1913, 
150, 1243), Coehn and Pringont (Zeitsch. Eloktro- 
ohem. 1914, 20, 275) that ammonia is completely 
decomposed by ultra-violet light. 

Under certati conditions a mixture of air 
and ammonia gas may be exploded by an electric 
spark (Schlumberger and Ihotrowski, J. Gasbel. 
1914, 67, 941). Fires which have occurred in 
the neighbourhood of refrigerating machines 
have been attributed to ignition of mixtuies of 
air with ammonia^^ or, according to Bchr, to the 
ignition of hydrogen formed m the machine by 
decomposition of ammonia at the high tempera- 
ture and pressures produced by starting with 
a closed discharge stop- valve (Cattanoo, Zcitsch. 
ges, Kalte-Industrie). t 

Density of Aqueous Solutions op A 


Ammonia gas is very soluble in water, 
alcohol, ether, and man^ saline solutions, the 
aqueous solution (caustic ammonia or liquor 
ammonicB) being of groat commercial importance. 
One gram of water at 0® and 760 mm. absorbs 
1148 c.c. or 0‘876 gram of ammonia, at 10 ® 
0‘679 gram, at 20° 0'526 gram, at 30° 0-403 gram, 
and at 100° 0-074 gram (Roscoe and Dittmar, 
Chem. Soc. Trans. 12, 128 ; Sims, Chem. Soc. 
Trans. 14, 1 ; see also Perman, Chem. Soc. 
Trans. 79. 718; 83, 1168). In the act of 
solution much heat is evolved, and according to 
Thomsen, NHg-f aq. = 8430 cals. 

The density of aqueous solut^jion: of ammonia 
of \arying strength is shown in the accompany- 
ing table, according to the determinations of 
Lunge and \Vicrnik. 

iMONiA AT 15° (Lunge and Wiernik). 


Sp.gr. 

NH 3 

p.C. 

1 litre con- 
tarns Nil 3 K 

Correction of 
sp.gr. for± 1° 

Sp gr. 

NHs 

p.C. 

1 litre con- 
tains NHsg. 

Correction of ^ 
sp.gr. for±l° 

1-000 

0-00 

0-0 

0-00018 

0-040 

15-63 

140-9 

0-00039 

0-998 

0-45 

4-5 

O'OOOIS 

0-938 

J 6-22 

152-1 

0-00040 

0-996 

0-91 

9-1 

0-00019 

0-936 

J6-82 

157-4 

0-00041 

0-994 

1-37 

13-6 

0 00019 

0-934 

17-42 

102-7 

0-00041 

0-992 

1-84 

182 

0-00020 

0-932 

18-03 , 

168-1 

0-00042 

0-990 

2-31 

22-9 

0-00020 

0-930 

18-64 

173-4 

0-00042 

0-988 

2-80 

27-7 

0-00021 

0-928 

19-26 

178-6 

0-00043 

0-986 

3-30 

32-5 

0-00021 

0-926 

19-87 

184-2 

0-00044 

0-984 

3-80 

37-4 

0 - 0 {K )22 

0-924 

20-49 

189-3 

0-00046 

0-982 

4-30 

42-2 

0-00022 

0-922 

21-12 

194-7 

0-00046 

0-980 

4-80 

47-0 

0-00023 

0-920 

21-76 

200-1 

0-00047 

0-978 

5-30 

51-8 

0-00023 

0-918 

22-39 

206-0 

0-00048 

0-976 

5-80 

66-6 

0-00024 

0-916 

23-03 

210-9 

0-00049 

0-974 

6-30 

61-4 

0-00024 

0-914 

23-68 

216-3 

0-00060 

0-972 

6 - 8 (/ 

66-1 

0-00025 

0-912 

24-33 

221-9 

0-00051 

0-970 

7-31 

70-9 

0-00025 

0-910 

24-99 

227-4 

0-00062 

0-968 

7-82 

75-7 

0-00026 

0-908 

26-65 

232-9 

0-00063 

0-966 

8-33 

80-5 

0-00026 

0-906 

26-31 

238-3 

0-00054 

0-964 

8-84 

85-2 

0-00027 

0-904 

26-98 

243-9 

0-00066 

0-902 

9-35 

89-9 

0-00028 

0-902 

27-65 

249-4 

0-00066 

0-960 

9-91 

95-1 

0-00029 

0-900 

28-33 

255-0 

0-00067 

0-958 

10-47 

100-3 

0-00030 

0-898 

29-01 

260-5 

0-00058 

0-966 

1103 

106-4 

0-00031 

0-896 

29-69 

266-0 

0-00069 

0-964 

11-60 

110-7 

0-00032 

0-894 

30-37 

271-5 

0-00060 

0-962 

12-17 

115-9 

0-00033 

0-892 

31-05 

277-(f 

0-00060 

•,0-950 

12-74 

121-0 

0-00034 

0-890 

31 76 

282-6 

0-00061 

0-948 

13-31 

126-2 

0-00035 

0-888 

32-60 

288-6 

0-00062 

0-946. 

13-88 

131-3 

0-00036 

0-886 

33-26 

294-6 

0-00063 

0-944 

14-46 

136-6 

0-00037 

0-884 

34-10 

301-4 

0-00064 

0-942 

16-04 

141-7 

0-00038 

0-882 

34-96 

308-3 

0*00066 


The solution is very strongly alkaline, and 
unites with acids to form the ammonium salts, 
and it is frequently supposed that the solution 
contains ammonium hydroxide NH 4 ’OH, corre- 
^nding to NaOH and KOH. The evidence 
for this view is not altogether conclusive, and 
tJ^ physical properties of the solution at the 
ordinary temperature are in some respects 
opj^sed to the presence of the compound 
NII 4 OH, and in favour of the supposition that 
the ammonia is dissolved as such. At very low 
temperatures, however, llupert (J. Amer. Chem. 
Soo* 31, 866 ; 32, 748) has shown that two 
definite hydrates exist, the freezing-pomt curve 
ol mixture of ammonia and watfr in varying 
'proportions showing two wml-deiined minima at 
—87* and xr94° respectively, the composition at ' 


these two points corresponding to the formulas 
NH 3 ,H 40 and .2NH<,H,0. The first-named 
forms small colourless crystals resembling those 
of sodium and potassium hydroxide ; and the 
latter,* larger needle-shaped crystals. Whether 
these are true hydrates or are to be re- 
garded as ammonium hydroxide NHgOH and 
ammonium oxide (NH 4 ) 20 , is at present 
uncertain. 

The aqueous solution of ammonia also dis- 
solves many metalHc oxides and hydroxides, 
such as Ag 20 ,Cu( 0 H) 2 » as well as many salts 
which are insoluble in water, ^uoh as silver 
chloride and phosphate, and cuprous chloride, 
and also acts as a solvent for many fats and 
resins. The solution of cupric h 3 WOxide in 
ammonia is of considerable commercial impor- 
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taaoe, as it is a solvent for oellulose, and is 
used in lar^e quantities in the manufacture of 
artihoial silL 

I. Technical sources of ammonia.^ Ammonia 
is formed in nature chiefly during the decay of 
nitrogenous organic substances, and conse- 
quentty exists in considerable quantity both in 
the soil and the atmosphere. Whilst this is of 
the greatest importance for agriculture, it is 
only possible in very exceptional cases to 
utilise this source for the manufacture of am- 
monium salts, the greater proportion of the 
world’s production being obtained by the 
destructive distillation of nitrogenous organic 
matter, chiefly coal. 

A. Natural occurrence of ammoniacal ewn- 

pounds in qmntiiy of commercial importance . — 
Ammonium carbonate lias been found in guano 
deposits on the West Coast of South America, 
and has been im]mitcd into "Europe, a sample 
imported into (Germany in 1818 consisting 
‘essentially of ammonium bicarbonate mixed 
with some insoluble matter. Ammonium sul- 
phate is contained in the Tuscan ‘ soffioni,’ and 
IS there obtained in considerable quantity as a 
by-product in the manufacture of boric acid. 
Ammonium chloride, together with sulphate, is 
Boraetimes found in the neighbourhood of 
volcanoes. ^ 

B. St/ntheiic processes for pro^urlion of 
ammonia. — Very many attempts have, been 
made to effect the manufacture of ammonia from 
atmospheric nitrogen and hydrogen, and a 
large number of processes with this object have 
been patented, but until recently, no method 
which has been proposed has proved successful 
on a commercial scale, for although, as stated 
above, nitrogen and iiydrogen combine together 
to a slight extent to form ammonia, when heated 
together under suitable conditions, the yield 
at high temperatures was so small that the cost 
of production would be prohibitive. With 
many of the methods proposed— such as those 
of Swindells (Eng. Pat. June 21, 1876), Rickman 
(Eng. Pat. 3341, 1878), Glover (Eng. Pat. 1890, 
1880^), Solvay (Bull. Soo. chim. 25, 527), 
Wagner (Jahreabericht. 1876, 444), Bassett 
(Eng. Pat. 4338, 1879) — it is very doubtful 
whether, in fact, any ammonia is produced 
synthetically, the ammonia obtained being 
more probably all derived from the nitrogen 
present in the coal or coke employed in each of 
these processes. The processes of Johnson 
(Chem. News, 43, pp. 42, 288), Woltereck (J. 
Soc. Chem. Ind 1908, 158, 978; Eng. Pat. 
2461, 1902; 16504, 1904 ; 8358, 1905), Mond 
(J. Soc. Chem. Ind. 1889, 606), and Roth 
(D. R. P, 191914), in which a mixture of nitrogen 
and hydrogen is passed over various heated 
catalytic agents, do not appear to have re#ulted 
in any commercial 3 deld of ammonia. Haber 
(Zeiteoh. Elek. Chem. 16, 244) has found that 
when a mixture of I vol. of nitrogen and 3 vols. 
of hydrogen is heated with metallic osmium 
to 650® under p pressure of 200 atm., a very 
considerable production of ammonia takes place 
amounting to 8 p.o. of the mixed gas, and 
although osmium is too scarce and expensive 
for teemoal use, it may be replaced by metallic 

‘ Por more comidete details, m Lunso’s Ooal-Tar 
and Ammonia (Gurney and Jackson, lOll). 


uranium with good results. With a small 
apparatus constructed to allow of the circula- 
tion of the mixed gas under this pressure over 
uranium heated to about 500®, and cooling 
between each passage of the gas over the metal, 
Haber has synthesised ammonia at the rate of 
about 90 grams per hour, the ani^onia separating 
out on cooling under these conditions as a 
liquid. 

The Haber process has now been developed 
on a very large scale by the Badische Amlin 
und Soda Eubnk, ami it is stated that in 1918 
a quantity of ammonia equivalent to 4(X),000 
tons of ammonium sulphate was manufactured 
by this method (Eng. Pats. 17642, 17961, 1909 ; 
10441, 13097, 15076, 19249, 19778, 20127, 1910 ; 
61, .5833-6, 21151, 24657, 25252, 28167, 1911 ; 
1161, 3345, 9841, 22362, 25250, 1012; 24823, 
1013 ; 8763, 1915). The work done by them 
has c.Hpeeially consisted in the design and con- 
struction of suitable plant to withstand the 
combined high temjieratures and high pressures 
necessary for successful working, and the 
selection of suitable catalysts of less expensive 
character than the osmium and uranium 
employed in the small scale experiments. No 
details of the exact construction of plant or of 
the actual catalyst now employed have been 
published, but Bent hsen (ZoitscTi. angew. Chem. 
1913, 10) states that tlie more expensive forms 
of the latter first us(*.d can be replaced by 
cheaper metals such as iron, manganese, and 
molybdenum, which are ' activated ’ by the 
addition of other substances, (.’ontact ‘ poisons ’ 
both in the catalyst itself and in the mixture of 
nitrogen and hydrogiiii used must be very com- 
pletely excluded ; the following substances 
especially having proved* very deleterious; 
sulphur, selenium, tellurium, ^phosphorus, arsenic, 
boron, some hydrocarbons, and the teadily 
fusible metals or their oxides, such as lead, 
bismuth, and tin. Much exjierimental work on 
tfiedircctsynthesisof ammonia from nitrogen and 
hydrogen has been carried out in Great Britain 
during the last few year,-., both on the laboratory 
and on a semi -industrial* scale, the results of 
which have only been partially published (see 
Maxtod, Chemical Ago, 1919, 1, 514, 640, 690). 
Up to the present (1919) no plant has been 
erected for the production of ammonia by this 
method in this country. 

Attempts to effect the synthesis of ammonia 
from a mixture of nitrogen and hydrogen by 
the passage of the silent discharge or sparks 
have failed to give a sufficient yield for com- 
mercial success, and a similar lack of success 
long attended the efforts to jproduoe ammonia 
by combining atmospheric mtrogen with ele- 
ments which readily form nitrmes, such m 
boron, titanium, magnesium, and subsequent 
conversion of the nitride into ammonia by the 
action of steam. Recently, however, Serpdc 
and the Soo. Gen. des Nitrures (Eng. Pate. 
13579. 1906; 7507, 16995-7, 1909; 13086, 
1910; 23544, 25141, 1911 ; 8347-9, 10036, 
22435, 25630, 1912; 10976, 11091, 21366, 
23740, 24731, 27030, 2^71, 1913 ; 4287, 22586, 
24633, 1914) have developed a process dependent 
on the formation of aluminium nitride by the 
action of carbon and mtrogen on alumina at 
high temperatures, and subsequent conversion 
of the nitride -into ammonia, with reooveiy of 
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th« alumina, by heating with water under 
pressure. To carry out the process, bauxite, 
which reacts more readily than pure alumina, is 
preheated to a temperature of about 1600'* and 
passing through a revolving electric carbon- 
resisting furnace, the nitrogen being supplied 
from a current Cf producer-gas passing through 
the furnace in the opposite direction to the flow 
of bauxite. The crude nitride is then heated 
under pressure with dilute alkali, which effects 
the conversion into ammonia much more readily 
than water. A ntimbor of |)lant.s working this 
rocess are being erected in Franco by the 
oc. Gen. des NitrurcH. 

C. Production from cijauidcs . — It has long 
been known that nitrogen combi no.s at liigli 
temperatures with carbon and alkalis with 

roduction of cyanide^ and many attempts 
ave been made during the last hfty years to 
manufacture cyanides in tins manner and to 
convert these subsequently into ammonia by 
the action of superheated steam. The large 
demand for cyanides thcm8olvc.s, re.sulting from 
their employment in the extractions of gold 
from the mine tailings, and the fact that at 
present nitrogen, m the form of cyanide, com- 
mands a higher price than in the form of 
ammonia, has made such processes of no value 
for ammonia production under existing condi- 
tions, and in fact, at the jircscnt time, the 
opposite process of converting ammonia into 
cyanides is carried on to a lai’ge extent. The 
methods proposed, so far as they relate to 
cyanide production, will be discussed under 
that heading, but one method may be here 
mentioned, namely, the manufacture of calcium 
cyanamide, Ca:N’CjN, according to Frank 
and Caro’s process'^ (J. Soc. Chem. Ind. 1908, 
1093), by the action of nitrogen on heated 
oalciuni carbide, this being simultaneously a 
cyanogen and an ammonia derivative [v. Gyan- 
amide, art. Nitrogen, Atmospherk^ Utilisa- 
tion of). This substance may readily be con- 
verted into ammonia by the* action of super- 
heated steam, but it is for the most part 
directly employed on the land as a nitrogenous 
manure. 

D. Ammonia from unne^ sewage, and animal 
excreta . — Urine is not merely the oldest, but 
for centuries was the only source of obtaining 
ammonia compounds on a commercial scale. 
It is stated that sal-ammoniac made from it was 
an article of commerce as early as 1410, and 
that the Jesuit Sicard in 1720 saw the manu- 
facture of it in the Delta of the Nile. In Egypt 
sal-ammoniac was made by burning camels’ dung 
and collecting tbe sublimate. Putrefied urine 
^in which the urea has passed into ammonium 
carbonate) has been used for centuries, and to a 
certain extent is still used by dyers as a source 
iWt ammonia for scouring wool and other purposes. 

Normal urine contains per litre from 20 to 
36 grams urea (carbamide), which after a short 
tune is changed into ammonium carbonate 
under the influence of a micro-organism. An 
adult man produces from 22 to 37 grams urea 
per 24 hours, together •with a little uric acid, 
corresponding to 12-5-21 grams NHg per day, 
or between 9 and 17 lbs. per annun^. If all the 
atamonia obtainable from London urine were 
recovered this would amount tS 100,000 tons 
of ammdq/um sulphate per annutn. 


Owing to the now almost universal adoption 
of the removal of sewage j^/y means of water, the 
dilution of the ammonia in the combined sewage 
is so great that its recovery is hardly practicabfe, 
but with concentrated pan sewage, recovery of 
ammonia is carried on in a few places, especially 
in Paris. A large number of patents have been 
taken out for the recovery of ammonia both 
from sewage and also from the more concen- 
trated sludge deposited in the collecting tanks 
at tlio sewage works, among which may be 
mentioned Duncan (D. R. PP. 27148, 28430), 
Young (Kng. Pat. 3052, 1882), Bolton and 
Wanklyn (Eng. Pat. 5173, 1880), Gesellsohaft 
fur WaR.serabklarung, Berlin (j5. R. P, 161160), 
Butterfield and Watson (Eng. Pat, 19502, 1006), 
Taylor and Walker (U.8. Pat. 003608). 

Ketjen (Zeitsch. angew. Chem. 1891, 294) 
also reports a successful recovery of ammonia 
from concentrated sewage by distillation with 
lime at Amsterdam. 

E. Ammonia from guano, dec . — Whilst the 
ammonia obtainable from excreta is mostly lost 
for immediate recovery, as it quickly passes 
away into the water, the sod, or the air, there 
are a few exceptions to this rule presented by 
the deposits of birds’ excrements on some (fesert 
islands, and a few similar cases. In this ‘ guano,’ 
ammonia salts exist already preformed, and 
aminoniaSvan be for!ncd from other nitrogenous 
substances contained therein by heating guano 
with lime (as patented by Young in 1841), but 
this process is not remunerative, since the direct 
manurial value of guano is much superior to that 
of the ammonia salts obtainable therefrom. 

E. Manufacture of ammonia by the destructive 
distillation of nitrogenems organic matter . — The 
total quantity of ammonia commercially pro- 
duced by more of the methods described above is 
at present almost negligible, nearly the whole of 
the world’s supply of ammonia and its salts 
being obtained either as a by-product in the 
course of other manufactures in which nitro- 
genous organic matter is subjected to the process 
of destructive distillatign, or manufactured syn- 
thetically from nitrogen and hydrogen. Much 
the greatest proportion is obtained in the manu- 
facture of ilfummating gas, power gas, or coke 
from coal, and in, the distillation of snale for the 
production of shale oil. A considerable amount 
is also recovered from the gases evolved from 
blast-furnaces where coal is used as fuel, and 
smaller quantities from the distillations of bones, 
horn, and other animal refuse, and also from 
the residue obtained from beet-root molasses. 

The total production of ammonia in the 
United? Kingdom, calculated as sulphate, for 
the year 1913, previous to the outbreak of war, 
and for 1917 and 1918, is shown in the following 
tabl^ the figures for 1889 being also given w 
indicate the increase in production during the 
past 30 years. The statistics are taken from thd 
Annual Reports of the Chief Alka li Inspector 

mQ 1913 1017 1018 

Gas works . 87,000 182,180 188,478 173,641 
Iron works . 6,600 19,966 13,621 12,717 

Shale works .22,000 63,061 60,660 68,311 
Coke ovens . — 133,810 166,364 164,448 

Producer gas and 
other carbon- 
ising works . 3,000 33,605 29>604 23,634 

117 ,^ 4^,618 ^617 mjm 
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The world’s production for 1907, 1910, and 
1913 (in metric tons^f 2204 lbs.) is estimated 
as follows : — 

1907 . 1910 1913 

331,220 369,000 438,032 

287,000 383,000 649,000 

81,400 116,000 170,900 

62,700 67,000 75,400 


Great Britain 
Germany . 
United States 
France 
Belgium and 
Holland . 
Other countries 


65.000 

88.000 


41,000 

145,800 


48,600 

123,200 


896,320 1,111,800 1,412,032 
Coal always^ contains nitrogen in greater 
proportion limn is present in fresh vegetable 
matter, this being probably due to the remains 
of animals inhabiting the coal-forming forests 
and swamps. The total percentage of nitrogen 
found in the coal usually varies between the 
limits of 0*9 and 2*0 p.c. ; thus Tidy (Lunge’s 
Goal Tar and Ammonia) found in Welsh coal 
0*91 p.c., in Lancashire coal 1*25 p.c., and in 
Newcastle coal 1*32 p.c., whilst Foster^ (Inst. 


188T, 661), using the Kjcldahr method of 
estimation, obtained from Westphalian cqal 
1*60 p.c., from Saar coal 1*06 p.c., from Silesian 
coal 1*36 p.c., from Bohemian coal*l*36 p.c., 
from Saxon coal 1 *20 p.c., from Boldon (Durham) 
coal 1*46 p.c., from Tilsencr cannel 1*49 p.c., 
and from Bohemian lignite 0*52 p.c. McLeod 
(J. Soc. Chem. Ind. 1907, 137) analysed 80 
samples of Scotch coals and cannels, and found 
percentages of nitrogen varying fropi 0*91 to 
1*87, and averaging 1*43. 

The world’s production of coal in 1909 
amounted to about 950,000,000 tons, containing 
on the average probably some I *3 p.c. of nitrogen, 
which, if the whole were recovered as ammonia, 
would represent an output of about 48,000,000 
tons of ammonium sulphate per annum. In 
fact, however, the production, as shown by the 
above figures, only amounts to about of this 
quantity. Fully 90 p.c. of the coal is con^ 
Burned in such a manner that the recovery of 
the nitrogen is impracticable, and where the 
processes in use are mostly such that ammonia is 
recovered, only a relatively small proportion of 
the nitrogen is actually obtained in the form of 
ammonia, for reasons discussed later in con- 
sidering the different manufactures in which it 
is produced. 

(a) Production o ammonia in the manujachirc 
of coal gan, and of coke in hy-product coke weiw.— 
In t hi^ country the carbonisation of%oal in i 
retorts for the raanufactiire of illuminating gas 
for general distribution at present yields the 
largest contribution of ammonia, but the output 
from this source is being rapidly approaeffed by 
that obtained in the analogous process of car- 
bonisiim the coal in ovens for the manufacture 
of hara metallurgical coke. Formerly the great 
bulk of such coke was manufactured in beehive 
ovens, in which case no by-products were re- 
covered, but these are now being rapidly re- 
place by by-product recovery * ovens. In 
GeimAiiy and in the United States by far the 
largest proportion is obtained from eoke ovens. 

In ^both industries, however, only a portion 
of the nitrogen of the coal is reoovered in 


the iorm of ammonia, the lomainder being 
distributed in the coke, as nitrogenous com- 
pounds in the tar, as cyanide in the gas and 
ammoniacal liquor, and as free nitrogen in the 
gas. The relative proportion of the nitreven 
obtained in the different forms varies consiaer- ' 
ably, being dependent both on the nature of the 
coal and on the conditions of oarbonisatiom; 
the rate at which the latter proceeds, and es- 
pecially the temperature employed have a 
marked influence. At low temperatures, such, 
for example, as are employed in the manufacture 
of ‘ coalite ’ (about 450°), a vctfy large proportion 
of the nitrogen remains in the coke, but with 
higher tcmjieratures, although more nitrogen 
is given off from the coke primarily in the form 
of ammonia, this is partly converted into hydro- 
cyanic acid by the action of incandescent carbon 
and partly dissociated into its elements, the 
latter being especially the case when the volatile 
products as well as the residual coke are strongly 
licated. 

The maximum yield of ammonia, when coal 
is carbonised in horizontal retorts or in ovens, 
appears to be obtained with a carbonising 
temperature of 900"-U50‘’, and the normal pro- 
duction calculated as sulphate is usually from 
20- -25 lbs. per ton of coal carbonised in such 
plant. With vertical retorts, with even higher 
carbonising temperatures, a liigher yield is ob- 
tained, as m spite of sucli bigtier temperatures, 
the volatile jiroducts can e8ca])o from the action 
of heat without being raised to so high a 
temperature as is the case in horizontal retorts 
or ovens. Where the charge in the vertical 
retorts is steamed during carbonisation to in- 
crease the water-gas production in the retort, 
still higher production of ajmnonia is obtained, 
and the yield may then amount to 40-50^1b8. of 
sulphate per ton of coal. 

Many attempts have been made to increase 
the proportion of nitrogen converted into 
ammonia, but none applicable to these two 
industries has had any success. Cooper’s lime 
process (Eng. Pat. 6713, 1882), in wnioh lime 
is added to the coal bcfifre carbonisation, was 
tried in many works, and abandoned, as, although 
a greater yield of ammonia was obtained, the 
gain in this respect was more than counter- 
balanced by the loss due to depreciation in the 
quality of the resulting coke. 

The following tables, which give fignroB 
obtained over a long period of working in 
works and coke ovens respectively, probably 
represent a fair average of the distribution of thi 
nitrogen in the two industries under modem 
conditions, although doubtless in different works 
considerable variations from these ficuree occur. 
The gas-works figures are given by McLeod 
(J. Soc. Chem. Ind. 1907, 137) as the result of 
workings at the Pro van Gas Works, GlaMOW, 
and the coke-oven figures by Short ( J. Soc. Chem. 
Ind. 1907, 681) for the working of Otto-Hflgen- 
stock Coke Ovens, using Newcastle coaL 
Gasworks Coke ovens 

Nitrogen in coke .68*3 . 43*31 p.c. of total 
in tar . 3*9 . 2*98 

asiaramonia 17*1 . 16*16 „ 

as cyanide . 1*2 . 1*43 „ 

as free nitro- 
gen io the gas 19*5 . 37*12 n 
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McLeod does not api)car, however, to include in 
his cyanide figures the hydrocyanic acid removed 
from the gas during condensation, allowance for 
w^hioh would probably raise the cyanide figure 
to about 1*5 p.c. 

In both gas and coke-oven works the am- 
monia is recoveftd by cooling the gas, when tnr 
aqueous vapour condense, the condensed 
water removing a large portion of the ammonia 
and other gaseous impurities from the gas, and 
the remainder being recovered by washing the 
cooled gas with water. Recently, also, especially 
in coke-oven work^. processes have been adopted 
in which the ammonia is directly rccovired troiu 
the hot gas by washing with sulphuric acid 
after removal of the tar. Methods for manu- 
facturing ammonium sulphate direct from the 
crude gas, in which the«-iulphuretted hydrogen 
present is simultaneously oxidised to form the 
necessary sulphuric acid, have been described by 
Feld (Eng. Rat. 3061, 1909) and BurkboisJr 
(Eng. Pat. 20920, 1908; 21763. 1908; 17369, 
1910), but the processes are still (1910) in the 
experimental stage. 

Thevarious apparatusemployed and metliods 
of working arc described in the artieles'on Gas 
(Coal) and Coke. 

(6) Production of ammonia in the manufac- 
ture of 'producer gaa from coal . — In the manufac- 
ture of producer gas from carbonaceous fuel («ce 
Ga9, Peoduoeb) by the introduction of limited 
amounts of air and steam into the incandescent 
fuel, the whole of the carbon of the latter is 
gasified together with the nitrogen it contains. 
Where the quantity of steam added is limited, 
so as to ensure that the gas produced shall only 
contain small percentages of carbon dioxide, 
the temperature of ‘the producer is such that 
almost the whole of 'the ammonia formed from 
the nitfogen is dissociated into its elements as 
fast as it is produced. If, on the other hand, a 
large excess of steam is employed, the tempera- 
ture of the producer is so much lowered that the 
greater part of the ammonia escapes decomposi- 
tion, and may then be recovered from the gaa 
evolved. The latter contains much larger 
percentages of hydrogen and carbon dioxide 
than that obtained by the use of smaller quan- 
tities of steam, but is still capable of economic 
em]doyment, especially in gas engines. The 
process is therefore now largely adopted for 
producers using bituminous fuel, especially in 
the Mond Gas plant, in which up to about 75 p.c. 
of thie nitrogen in the coal is recovered as am- 
monia. This is usually obtained direct as 
sulphate by washing the crude gas with dilute 
sulphuric acid, and subsequent evaporation and 
crystallisation of the solution obtained ; the 
sulphate thus produced has, however, generally 
a yellow or brownish colour, due to the presence 
of small amounts of tarry matter. 

The use of such large proportions of steam 
is impracticable in gas works or coke ovens 
wheye gas of high calorific power or coke of good 
quij^ty or both is required, but with the lower 
grade of calorific power now manufactured, a 
moderate proportion of ||beani may be admitted 
withput undue reduction of the calojrifio power, 
and results, as mentioned above, especially with 
vertical retorts, in the production of greater 
yields of ammonia. • 

(c) Production of, amjnonia from shale . — In 


the distillation of Scotch bituminous shales for 
the production of shale-oil (see Paraffin), 
ammonia is also evolved, and is recovered in a 
similar manner to that employed in gas works. 
In this case also the introduction of steam (and 
also of limited quantities of air) during the 
distillation has the effect of largely increasing 
the percentage of nitrogen recovered as ammonia. 
The objections to the method which hold in the 
case of the gas industry do not apply in the 
shale-oil manufacture, as the chief product, the 
shale oil, is not materially affected by the use of 
steam, and the coke formed is in any case of 
little value. The gas produQpd, even when 
steam is used, is sufficiently good for the purpose 
for which it is used, namely, for heating the 
retorts. The addition of steam for increasing 
the yield of ammonia was, in fact, first worked 
out lo practical success in this industry, chiefly 
by Young and Bcilby (Eng. Pat. 1587, 1881 ; 
2164, 1881; 4284, 1881; 1377, 1882; 6084, 
1882 ; see also Beilby, J. Soo. Chem. Ind. 1884, 
216), its application in the case of carbonisation 
of coal in producers for the same purpose being 
of rather later date. 

(d) Ammonia from blast furnaces . — Whore 
coal 13 used as fuel in blast furnaces for cast-iron 
production, the waste gases contain considerable 
quantities of ammonia and tarry matters, which 
are now lafgely recovfsrod from the gas, the latter, 
after purification, being employed in gas engines. 
In most English districts, the coal available is 
not sufficiently hard for use in the furnaces, and 
hard coke is used, the employment of coal being 
confined chiefly to the West of Scotland and to 
North Staffordshire, where coal of sufficient 
hardness can bo obtained. The recovery of the 
tar and ammonia is effected by cooling and wash- 
ing in a similar manner to that employed in gas 
works, the apparatus being suitably modified to 
allow for the fact that the tar and ammonia are 
much more diluted with other gases, and that 
large quantities of dust are meolwnically carried 
along with the gas from the blast furnace. 
lYoccsscs for the washing of the gas with dilute 
Bulphurio acid do not appear so far to have been 
permanently successful, and the same is true 
of the process of Addie (Eng. Pat. 4768, 1882 ; 
3246, 1883), in which the gas was mix^ with 
sulphur dioxide and passed through a scrubber 
fed with water, the resulting solution of am- 
monium sulphite being oxidised to sulphate by 
injection of air. 

The yield of ammonium sulphate obtained 
from blast furnaces is very similar to that 
obtained in gas works and from coke ovens, 
namely%om 20 to 26 lbs. per ton of coal. 

(e) Ammonia from* peal . — Vast deposits of 
peat exist in many places, especially in Ireland 
and Prussia, and as this contains a good deal of 
nitio^n, amounting in some cases to 4 p.o. of 
the dry peat, many attempts have been made to 
recover this nitrogen as ammonia. The great 
difficulty in the way has been the very large 
quantity of water contained in the peat, which 
is costly to remove, and hitherto very little 
ammonia has been put on to the market from 
this souroe. Of the earlier attempts that of 
Grouven (D. R. PP. 2709, 13718, 18061) is of 
interest, inasmuch as this represents one of the 
first attempts to increase the yield of ammonia 
by injection of steam during distillation, but 



AMMONU. 


MS 

although prolonged experimente were made 26259, 1898} see also Ost, Zeitach angew. 
with the process, it was ultimately abandoned* Ohem. 19, 609) utilises the vinasse for the pro- 
Lenoauohez 8uggeste(> the use of pat in gas duction of both ammonia and cyanides, the 
producers with subsequent ammonia recovery, ' latter being the product especially aimed at. 
and patents relating to the matter were taken Tn his process the vinasse is carbonised in retorts 
out By Ruderer, Loe, and riumbart. (D. R, P. in the ordinary manner, and the gases, which 
53844), Kuntze (Enc- Pat- 9062, 1891), and contain ammonia and trimethy^mine, but little 
Pioper’{£rig. Pat. 28190, 1896) ; Woltereok (Eng. ' hydrocyanic acid, are then passed through a 
Pat. 1C604, 1904; 28963, 1900; 28904, 1900). highly heated brickwork chamber, the ammonia 
Frank and Caro, in conjunction with the being only slightly affected, whilst the trimethyl- 
Mond Cas Co. (Zeitsch. angew. Chem. 1906, amino is converted chiefly into hydrocyanic acid. 
1669), find that peat containing 60 p.c. of water q'bo resulting gases, containing about 7 p.o. of 
may be employed in place of coal in the Mond ammonia and 7 p.c. of hydrocyanic acid, are 
Gas plants, with production of gas suitable for passed through sulphuric acitl to recover the 
gM engines, and,a yield of about 90 lbs. of am- ammonia as sulphate, and the gas freed from 
monium sulphate per ton of dry peat. ammonia employed for the manufacture of 

{/) Ammonia from hones^ horn^ leather , hair^ cyanide. 
skins, and oihei animal rejnse—ln the distillation n. Properties and Composition of Ammonlacal 
of bones for the manufacture of bone charcoal yquor. The aniinoniHcfcal liquor obtained by 
(animal charcoal, or ‘ char ’)> ^^sed oaxieciaily in xbe washmg and cooling of the gases produced 
sugar refining, large quantities of ammonia are by destructive distillation, is, after separation 
formed, together with tar rich in pyridinea, tar by settling, a liquid having a colour 

known as ‘Dippel’s oil.’ The carbonisation is fj-Qj^i pale yellow to dark b^o^vn, and smelling 
frequently carried out, especially in Franco and strongly of ammonia, sulphuretted hydrogen, 
Germany, by heating the bones in oxicn jiots and also of phenols. Its specific gravity usually 
placed in a furnace, in which case the tar and varies from 1 *01 to 1 *03. In’ the coal-gas 
fimrqonia are so largely diluted with hot furnace manufacture, the liquor is usually obtained in 
gases that their recover.y is rendered very dilh- three stages, via. (1) the hydraulic main liquor, 
cult. In this country generally, and to an m- formed during the cooling of the gas to tempera- 
creasing extent elsewhere, the car) ionisation is tures of 60®-00®, which is usually weak (0*6-l*0 
effect^ in closed retorts, ilid the ta# and am- of NHj), owing to the lessened solubility of 
monia recovered in accordance with the usual ammonia at that temperature ; (2) the con- 
gas works practice, the yield of ammonia being denser liquor, produced in the subsequent 
equivalent to about 60-^60 lbs. of sulphate per cooling of the gas to atmospheric temperature, 
ton of dry bones. which is more concentrated (2-3*6 p.o. of NHq) ; 

Other animal refuse, such as wool, hair, ^nd (3) the scrubber and washer liquor, formed 
skin, waste leather, &c., is sometimes carbonised by washing the cooled gas to effect complete 
in a similar way, the residue being employed as removal of the ammonia, the strength of which 
manure, and the ammonia recovered from the varies considerably, and dejiends largely on the 
gases. Sometimes, however, these materials are construction of the washing plant, and the 
simply heated in cylinders in a current of steam, supervision of the working. The firfft two 
which renders them friable and capable of ready products together form the ‘ virgin liquor,’ i.e, 
disintegration, when they are directly employed solution produced from the water formed by the 
as manure. A further proposal is to utilise the condensation of the steam always present in the 
nitrogen by heating the dried refuse with con- crude gas ; but the liquor from all souroes is 
oentrated sulphuric acid, whereby the nitrogen usually collected topther with the tar in a 
is converted quantitatively into ammonium common storage well or ^ells. Frequently the 
sulphate, as in the well-known Kjeldald method weak hydraulic main liquor is used, after cooling, 
of estimating nitrogen. in the preliminary washers or sombbers, thereby 

{g) Ammonia as a hy-product in the heet-root effecting a further partial removal of the am- 
sugar industry . — During the evaporation of beet- monia, and becoming simultaneously conoen- 
root juice, small amounts of ammonia are trated, but for the complete removal of the 
evolved, which Vibrans (D. R. P. 15513) has ammonia the gas must be washed with fresh 
proposed to collect. Much larger amounts can, water in the final scrubber. In coke-oven 
however, be obtained by the distillation of the works the conditions prevailing in these respects 
‘ vinasse,’ i.e. the residue left after fermenting very similar generally to those in gas works, 

the sugar remaining in the molasses, and dis- Tbe quantitative composition of the ammo- 

tilling off the alcohol produced. This ftontains uiacal liquor varies considerably, not only in 
nitrogenous bases, espe^ally betaline, and on obtained at different stages of the process, 
dry distillation yields ammonia and trimethyh but also in the average liquor obtained, being 
amine. Vincent (Chem. News, 39, 107) dependent on the nature of the coals carboniseiC 

out the distillation with the primary object of ^ho conditions of carbonisation, and the con- 
obtaining triraethylamine and from the ^tter gtruction and working of the condensing and 
methyl chloride, but the ammonia was simul- Borubbing plant. The qualitative composition 
taneously recovered as sulphate. The residue varies but little ; the primary products formed 
from the distillation is rich in potassium salts, ^he liquor are ammonium chloride, sulphides, 
and is empbyed os a manure or worked up into oarbonatcii, and cyanide, produced by the 
pure salts. Other patents dealing with the action of the ammonia solution on the acid 
recovery of ammonia by distillation of vinasse ; constituents of the crude gas, viz. hydrochlorio 
are those of Ernst (D. R. P. 13871), Lederer ' acid, sulplftiretted hydrogen, carbon dioxide, 
and Qintl (D. R. P. 17874), and Meyer (Eng. Pat. and hydrocyanic acid. The strongly acid hydro- 
17347, 1887). Bueb (Eng. Pat. 7176, 1896 j cbioric acid absorbed in the earlier sto^ of 



>he cooling, chloride being only present to any 
atent in the hydraulic main and condenser 
i(|uor, but the total quantity of ammonia 
present is insuflScient to remove the whole of 
she remaining acid gases, which are separatcjcl 
ater by special purification processes. Otin'r 
kmmonium salts are, however, produced in the 
iquor by secondltry reactions ; thus the sulphide 
8 oxidised by the oxygen always present in the* 
iimde gM, and later by the oxygen of the air to 
rhich it is exposed during storage, yielding 
•olysulphides, thiosulphate, sulphate, and 
ossibly sulphite, cyanide reacts with 

he polysulphide,^ forming thiocyanate, and 
ossibly also with thiosulphate, forming 
tiiocyanate and sulphite, so that polysul - 1 

Composition of Am 


phide is rarely found in the liquor, SmaU 
quantities of ferrooyanide are also sometimes 
formed by the action o# ammonium cyanide 
on the ironwork of the apparatus. In 
addition, the liquor always contains small 
quantities of pyridine, and considerable amounts 
of substances derived from the tar, espociallv 
phenols. ^ j 

From the point of view of the subsequent, 
working up of the ammoniacal liquor, it is 
important to distinguish between the amount of 
‘ volatile * and ‘ fixed * ammonia present. The 
former represents the ammonia present as sul- 
phide, carbonate, and cyanide, and in combina- 
tion with the phenols, the t^rm being given 
because the ammonia in this form is completely 
MONiACAL Liquor. 


Volatile ammonia 
fixed „ 
Total 

Ammonium 


sulpliiiie 
(Nn4)28 
carbonate 
(NH.^COs 
clUoride^ 

NH4CI 

sulphate 

(NH4)2804 

thiosulphate 

.[^^4)28208 

thiocyanate 

NH 4 ONS 

cyanide 

NH 4 CN 

ferro^anide 

(NH4)4Fe(CN)c 


luthority 


m 

Qas works 


Coke 

ovens 

1 Blast 
furnaces 

Sliale 

works 

Coalite 

works 

Average of five samples 
of stored liquor. — 
English works 

Stored well liquor. — 
German works 

1 

o' 

'3 a 

r 

w 

Hydraulic main liquor. — 
German worla 

Condenser liquor. — 
English works 

p, 

i 

II 

si 

1 

Liquor from coolers only 

• 

Liquor from washers only 

Average liquor from 
storage weU. 

Average liquor circulated 
through washers to get up 
strength 

1-929 

1-406 

0-721 

0-291 

3-247 

0*841 

0*191 

0*302 

0-873 

1*647 

0-618 

0-309- 

0-806 

0-288 

0-221 

0-102 

0*008 

0-009 

0-032 

0-170 

2-642 

1-716 

1-027 

0-679 

8-468 

0-943 

0-109 

0-871 

0-905 

0*717 

0-862 

0-276 

0-276 

0-073 

0-768 

0-466 

nil 

? 

0-098 

0-280 

5-000 

8-626 

1-820 

0-476 

8-810 

1*960 

1-104 

f 

2-870 

6-860 

1-120 

0-788 

0-838 

0-722 

0-459 

0*217 

0-006 

? 

0-016 

0*106 

0-202 

0-023 

? 

0-023 

? 

0*032 

0-009 

? 

0-016 

0-064 

0-178 

0-123 

? 

0*143 

? 

0-041 

0-002 

r 

0-090 

0-407 

0-628 

0-182 

0-047 

0 100 

0-070 

0-043 

0-003 

0-003 

nil 

0-335 

0-036 

0-003 

0-084 

0-003 

0-070 

0-070 

nil 

0-003 

nil 

nil 

0-038 

0-088 

0-019 

0*019 

0-030 

nil 

nil 

nil 

nil 

nil 

a 

Mayer 

aud 

Bempel 

Linder 

Mayer 

and 

Hempel 

Under 

Under 

Under 

Under 

Linder 

Linder 


ine quantity ot phenols present in gas-works liquor usually varies from 0-1 to 0-35 fframa 
r 100 0.0. (Skirrow, J. 800. Chem. Ind. 1908, 68). irum u 1 ro u grams 


ssociated and volatilised by simply boiling the 
luticm; whereas that present as chloride, 
Iphate, thiosulphate, and thiocyanate is not 
olved to any material extent under these 
nditions, and is therefore term^ ‘fixed* 
imonia. For its recovery it is necessary to 
d to the liquor a suflioient amount oT a stronger 
ludi to wmbine with the whole of the above- 
mod acids present. The ‘ fixed ’ ammonia in 
b average liquor usually amounts to from 
to 26 p.o. of the whole, but the proportion is 
yich. higher in the hydraulic main and oon- 
nser liquor. • 

The above table gives the results of a 
imbey of analyses of ammoniacal tiquor from 
•-works, oob»-ovens, shale-works, and iron- 
)rka, mad© by Linder, on behalf of the 


Chief Alkali Inspector, and published in the 
annual reports 01 the latter. In addition an 
analysis is also given of the liquor obtained in low- 
tem|ierature oarboniaaiiion as practised in tho 
coabte manufacture, and two analyses of German 
gas-works liquor, by Mayer and Hempel (J. 
Qasbel, 1908, 428). (For methods of analysis, 
see Linder (Alkali Inspector’s Report, 1909, 16), 
and Mayer and Hempel (l.c.).) In these analyses 
the whole of the carbon dioxide and sulphuretted 
hydrogen present is calculated as the normal 
carbonate and sulphide rMpeotivoly, and m 
Linder’s analyses the difference between the 
total sulphur and that present as sulphide, 
sulphate, and thiocyanate is calculated as 
ammonium thiosulphate. 

The existence of free ammonia (or its 
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hydroxide) is a point on which oonsidersible 
difference of opinion exists. The above analy- 
tical results appear to^show that in the case of 
average stored liquor, the quantity of acids 
present, including phenol, is usually sufficient to 
combine With the whole of the ammonia 
but at the same time it is very probable that 
some of the salts, especially the sulphides and 
carbonates, undergo hydrolytic dissociation into 
acid and ammonia or its hydroxide in the 
solution. With the hydraulic main liquor, 
formed at temperatures mostly above 60®, the 
acids found are insufficient to combine with the 
whole of the ammonia, some of which must 
therefore be present in the free state. The 
existence of free ammonium cyanide in the liquor 
has also frequently been denied, but more 
perfect methods of analysis have shown that 
this is undoubtedly often present in small 


quantity even in stored gas-works liqqor, and 
that in coke-oven liquor, which is usu^y only 
stored for a short time before working up, the 
amount may be considerable. The presence of 
cyanide is objectionable, as it inoreases the 
amount of hydrocyanic acid in the waste gases 
from the manufacture of ammonium sulmate 
{see below). ® 

III. Valuation of Ammonlacal Liquor. In 
this country, for technical purposes, the strength 
of the ammoniacal liquor is mostly expressed in 
terms of ‘ounce-strength,’ this figure repre- 
senting the number of ounces avoirdupois of 
pure sulphuric acid required *to neutralise the 
ammonia contained in 1 gallon of the liquor, and 
for statistical purposes or sale, the volumes of 
liquor are usually converted into the equivalent 
volume of liquor of 10-oz. strength. In order to 
convert these figures i«to the more generally 
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familiar ones of grams per 100 o.o., the ‘oz.- 
strength’ figures must be multiplied by 0*217, 
and conversely, to convert figures representing 
grams per 100 o.o. into oz. -strength, the former 
must be multiplied by 4-61. 

For approximate purposes the ammonia 
content of the liquor is frequently estimated 
from the density, it being found that each 1® 
Twaddell oorrosponds roughly to 2-oz strength. 
This approximation is sufficient for such pur- 
poses as the control of the daily working of the 
washers and scrubbers on the works, but quite 
unsuitable for purposes where fair accuracy is 
desired, as a liquor showing 5®Tw., for example, 
may vary in actual content from 8- to 12-oz. 
stten^h, as against the supposed lO-oz. For 
any hut the roughest purposes, ammonia is 
esnmated by the usual method of distilli^ a 
known volume, after addition of alkali to 
deoommse the fixed salts, collecting the dis- 
tillate m excess of standard acid, and titrating 
the unused acid with standard alkali. The 
Hqnid ihast not be distilled to dryness, as other- 


wise the thiocyanates may be decomposed with 
formation of ammonia, giving too hign results. 

I IV. Working up of Ammonia^ Liquor. 
In the earlier days of the utilisation of gas 
liquor, this was simply neutralised with sulphurio 
or hydrochloric acid, and the resulting solution 
evaporated, but the products obtained were 
very impure, containing tarry matter and 
thiocyanate, and the escaping gases, especially 
the sulphuretted hydrogen, created great 
nuisance. At present the ammonia is a&ost 
invariably recovered from the liquor in the first 
instance by distillation. Formerly, also, in 
many cases, only the volatile ammonia was 
recovered, as this could be obtained without 
addition of alkali, the fixed ammonia being run 
off with the waste liquor ; but this procedure is 
now becoming exceptional, the fixed ammonia, 
except in the case of some small plants, being 
also mostlw recovered by addition of the 
necessary al^li. . On account of its cheapness,, 
lime is almost always employed for this purpose, 
but in some sipall plants, oaustio soda is Used, 
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for althwiEh the cost of the latter is nmoh 
greater, this is held by some makers to be 
oompensated for in such plants by the fact that 
the stills run much longer without cleaning. 

The plant employed in the distillation has 
been of various types ; at first an intermittent 
process of ^stilling the liquor in externally fired 
boilers was ad(f^ted, the distillation being con- 
tinued until the whole of the volat.ile ammonia 
was expelled with the steam. Addition of lime 
to drive off the fixed ammonia was rarely 
practised with such plants, owing to the forma- 
tion of thick deposits of lime salts on the heated 
boiler plates. TJieso plants have now been 
almost entirely superseded by continuous 
column stills, constructed on the general 
principle of the Coffey still, the intermittent 
system being now employed only in very small 
works or in special cascjp; such as the distillation 
of liquors containing very large quantities of 
fixed ammonia, in which case the addition of 
the necessary amount of lime renders the liquid 
so thick that these must be stirred by mechanical 
agitators to effect complete recovery of the 
ammonia. The annual report of the Chief 
Alkali Inspector for 1909 shows that in the 
Various districts into which the United Kingdom 
is divided for administration purpose.s under the 
Alkali Act, the proportion of liquor di.stilled by 
intermittent stiUs varies from about 7 p.c. to mH, 
and probably averages over the whole eounlry 
from 1 to 2 p.o. 

For the purpose of heating the stills, three 
methods have been employed: (1) oxtenial 
firing ; (2) by means of internal coils through 
whion steam is passed ; and (3) by blowing live 
steam through the stills. The first plan gives 
a high fuel consumption, as well as trouble from 
lime deposits on the heated portions of the still ; 
and of the other two methods the use of live 
steanf is the most economical in fuel consumption, 
and is therefore now almost invariably adopted. 

The ammonia evolved on distillation is 
converted at once either into ammonium sul- 
phate, concentrated gas liquor, pure aqueous 
ammonia, or liquefied ammonia. The remaining 
salts of commercial importance, namely, am- 
monium cliloride, carbonate, and nitrate, are now 
rarely manufactured directly from the ammonia 
as evolved from the stills, but are obtained 
either from ammonium sulphati^ or aqueous 
ammonia previously prepared from the gas 
liquor. Much the largest proportion of the 
liquor is converted into sulphate, the demand 
for this salt being greatest, owmg to its employ- 
ment as a nitrogenous manure. The method of 
' manufacture of this salt will therefore be d«- 
soribed first, folloMod by that of the other 
commercially important ammonia derivatives. 

Ammonium sulphate. — A description of the 
different forma of intermittent still formerly 
adapted for obtaining the ammonia in the 
liquor, but now seldom used, may be found 
in Lunge*B Coal Tar and Ammonia 4th 
ed. Of the continuous stills, those of 
Grffneberg and Blum (D. R. P. 33320) and of 
Feldmann (Eng. Pat. 3643, 1882) will be de- 
scribed, more recent f<#rms differing from these 
only in detail and not in general ptinoiples. Id 
the ihanufaclure of sulphate, •the volatile 
ammonia is first driven off, lime being then 
added to the liquor to liberate th^fixed ammonia, 


the combined gases evolved being passed through 
Bulphuric acid. 

The apparatus of Gsiineberg and Blum is 
shown in Fig. 1 , as arranged for tne manufacture 
of sulphate. A is the still, b the gas- liquor 
heater or economiser, o the lime pump, and d 
the saturator charged with acid for absorption 
of the ammonia. The gas liquor enters the 
economiser b by means of pipe a, and is heated 
by the hot waste gases from the saturator, and 
passes thence by the pipe 6 to the top of the 
column B of the still. This column is divided 
into a number of compartments by horizontal 
division plates, ‘the liquor flowing downwards 
from compartment to commrtmort by the 
overflow pipes, the admitted steam travelling 
upwards in the reverse direction through the 
central pipes 0, covered by hoods having 
serrated edges, which compel the steam to bubble 
through the liquor in each compartment, thus 
driving off the ‘ volatile * ammonia and also the 
volatile acids present, viz. carbon dioxide, 
sulphurett^ hydrogen, and hydrocyanic acid. 

The lime vessel p, into which milk of lime is 
pumped by means of pump o and pipe c, serves 
to exped the fixed ammonia, and the boiler O, 
with its stepped cone, serves to boil the liquor in 
thin sheets, by means of the steam coil d, and 
thus to set free the last portions of ammonia. 
In E the first heating of the liquor takes place by 
means of^the hot vapours from the saturator D, 
which ascend through the bell q, the pipe a, and 
the inner pipes of B, while the liquor, arriving 
at a, rises up in B. It then enters through 6 into 
the dephlegmating column B, and finds its way 
downward from chamber to chamber, till it gets 
into the lime vessel p. From here it overflows 
by pipe / into the sludge-oatcher g, overflows 
here again all round at hh, and runs over the 
cone f downwards from step to step ; from the 
pipe k it is discharged continuously and quite 
spent to the overflow t. The steam travels in 
the opposite way — namely, along the steps of 
cone t, upwards in pipe to, and through n into 
the lime vessel p. Worn here the mixed steam 
and ammonia vapours ascend into the column 
E, and traverse this from chamber to chamber, 

I and ultimately leave it by the pi^p. This pipe 
I enters the saturator D, oharpd with sulphuric 
acid. The sulphuretted hydrogen, carbon 
dioxide, &o., collecting in the bdl q, are led 
through the flue « into the economiser b, where 
they give up their heat to the gas liquor, and 
lose their steam in the shape of condensed water. 
Ultimately they are conveyed away by a pipe 
not shown in the diagram for treatment to 
prevent nuisance, the methods adopted for the 
i purpose being described below. 

I In the apparatus oJiFeldmann (D. R. P. 21708), 
1 Fig. 2, the gas liquor, after having passed tl^ough 
the ordinary rectifying column a, flows into a 
vessel B, into which milk of lime is pumped by 
o in regular intervals, whilst the whole is kept 
agitat^ by steam injected into the mixture. 
The liquor, after having deposited most of the 
lime, flows into a second column o, where the 
ammonia set free by the Time is distilled off : 
the spent liquor runs away continuously through 
g, and the gases and vapours pass over by pipe 
' h into the fost column ba, which serves both for 
I retaining the water and for (Wvin^ off the voia- 
! tile ammonium salts contained in the crude 
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liquor. Ilio economiser J, and the saturator 
B, wift the gas-bell f, require no special explana- 


tion. 
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In more recent types of still, only a single 
column is usually em]>loyed, the lime being 
introduced into one of tljp compartments of 
the lower portion of the still, which may be 
made of larger size for this purpose, the hood 
being also more deeply sealed to effect more 
vigorous agitation. The mixture of liquor and 
lime then pafjses through the lower compartments 
of the still, constructed in a similar manner to 
those above. A still of this type, nuinufactured 
by the Berlin Anhaltische Masohinon Actien- 
Geaellschaft is shown in Fig. 3. 


a small manhole at the side. Scott Pat. 
39S7, 1900 ; 11082, 1^1) has patented a process 
in which the whole of the plant is kept under 
vacuum, whereby considerable economy of fuel 
is claimed. The plant and method of working are 
described by Ballantyne (J. Gae«Light. 82, 869). 

Ahsorpiion of the ammonia in aul/phuric acid** 
— TTie ^ases from the still, consisting chiefly of 
ammonia steam, carbon dioxide, sulphuretted 
hydrogen, and small quantities of hydrocyanic 
acid, are conveyed to the saturator (d in 1, 
E in Fig. 2) charged with sulphuric acid. This is 
constructed either of solid lead throughout, or of 
wood or iron lined with lead, the gases being con- 
ducted in by moans of a perforated leaden pipe 
which distributes them over a large area in the 
saturator and keeps ^tho liquid thoroughly 
agitated. In some cases, dilute sulphuric acid 
is used, this being removed and replaced by 
fresh acid when nearly neutralised. The solu- 
tion, after settling, is concentrated and crystal- 
lised, the mother liquor being returned to the 
saturator. The dilute solution of ammonium 
sulphate obtained by direct washing of the 
crude gas with acid, as in the Mond Gas process, 
is evaporated and crystallised in a similar way. 
In most cases, however, when distilling gas liquor, 
a much stronger acid (of about 140°Tw.) is used 
which soon becomes saturated, after which the 
ammonium sulphate crystallises out as formed, 
and is removed by various moans, fresh acid 
being run in to replace that removed as sulphate. 
Two types of saturator are employed, (a) partly 
open, (&) closed. A common construction of 
the former typo is shown in Fig. 4, the gases 



Other modifications relate chiefly to im- 
provements in mechanical detAils, and in making 
the parts more aooessiblS for cleaning, especially 
in the portions of the still where lime is pre^nt. 
Ttew Wilton (Eng. Pat. 24832, 1901) replaces 
the central pipe for the steam and circular ho(^, 
hy a narrow opening extending over nearly the 
fhfi diaihrter of the still, and covers this with 
ah trough having serrated edges, 

thieh oan readily bs removed for cleaning from 
Vot. 1,-8’. 



entering by the pipe h perforated as shown, and 
bubbling through the acid, the waste gases 
being led off by pipe c ; the sulphate aooumu- 
lates on the floor of the saturator. The front 
of the saturator is open, and separated from the 
closed portion by the scaling curtain a, which 
does not reach to the bottom, and enables the 
attendant to* remove the sulphate periodically 
by fishing with a perforated ladle, the crystaJi^, 
being placed on^ load -lined drainer fixed so ttiat 
the mother liquid flows back to the sfiturator. 
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Whdn Bufflcientl V dry, the product is placed into 
•took, or it may be at once dried by a centrifugal 
machine. 

In place of ‘ dshing,* the sulphate may be 
periodically or continuously removed from the 
saturator by m^ans of a steam*ejector, which 
forces it together with much liquor on to the 
drainer, thence into a centrifugal machine, the 
mother liquor in either case returning to the 
saturator. 

With a closed saturator other means of 
removing the sulphate are adopted, a represen- 
tative or this type being the Colson saturator, 
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the bottom of which consists of an inverted cone, 
to the apex of which is fixed a right-angled bend, 
closed by a simple valve, consisting of a copper 
disc pressed against the flange of the outlet j>ipo 
by a screw clamp. During working this is 
opened to a sufficient extent to allow the sulphate 
to fall out almost as soon os it is formed. 

The ammonium sulphate thus obtained 
usually contains from 24 to 25 p.c. of ammonia, 
equwaleut to about 93-99 p.c. of pure ammonium 
sulphate. It usually contains from 0 '1 to 0 -5 p.o. 
of free sulphuric acid, the remainder consisting 
of moisture and small quantities of insoluble 
matter. The salt produced with modem plant 
has mostly a white or greyish-white colour, 

‘ discolouration by tarry matter bein^ now of rare 
occurrence Vith continuous stills, if the liquor 
is jwoporly separated from tar by settling 
previous to distillation. When pyrites sulphuric 
acid is employed, the resulting sulphate may be 
coloured yellow or brown, by arsenic sulphide, 
which depreciates its value, and makers therefore 
prefer to use acid obtained from brimstone or 
spent oxide. In many oases, however, pyrites 
acid is used, and the arsenic sulphide which 
rises as a scum to the surface of the liquid in the 
saturator removed as it^forms, or preferably the 
acid is previously treated with a portion of the 
wastd' gases frbm the saturator, theiulphuretted 
hydn^en in which precipitates the arsenic as 
^m;^ae, the latter oeing removed before the 
acid enters the saturator. 


In some oases the sulphate assumei a blue 
colour on standing in the air, owing to the 
formation of traces of Prussian blue. J^om the 
researches of Forbes Carpenter and Linder 
(Chief ^kali Inspector’s Report, 1905, 61), it 
appears that this is mostly due to local alkalinity 
occurring in some portion of the liquid in the 
saturator, in which case hydrocyanic acid is ab- 
sorbed at that point, and, with the traces of iron 
always present, forms ammonium ferrooyanide ; 
the latter, on exposure to the air, oxidises, form- 
mg Prussian blue. Priming of the still, resulting 
m the introduction of ferrocyanides and thio- 
cyanates into the saturator, has a similar effect, 
but the production of the blue salt often occurs 
in absence of priming. Its formation is best 
avoided by maintaining the liquid hot and of 
sufficient acidity, and arranging that the passage 
of the gas shall effect a thorough mixing of the 
liquid in the saturator, so as to prevent the 
occurrence of local alkalinity. 

Waste products in (he manufacture of Am~ 
monium Sulphate . — Three waste products are 
formed in the process ; (a) the effluent liquor ; (6) 
the aqueous conden-sate from the cooling of the 
waste gases ; (c) the waste gases. The effluent 
liquor is run into settling tanks, wfflero it deposits 
suspended lime salts, and becomes cooled. The 
clarified liquor is sometimes run into the sewers, 
but as itHcontains Ikrge quantities of lime salts 
(especially thiocyanate and phenols), this is 
frequently not permitted, and its disposal is 
often a matter oi great difficulty. In gas works 
it is sometimes got rid of by employing it to 
quench the hot coke from the retorts, and in 
some cases it is even evaporated to dryness. 
Fowler (Alkali Inspector’s Report, 1907, 51) 
allows the liquor, after considerable dilution, to 
pass through coke filters inoculated with sewage 
bacteria, which, if gradually accustomed to the 
liquor, oxidise the thiocyanates and phenols, 
yielding a fairly pure effluent, and this may be 
employed for dilution of the fresh liquor going 
on to the filter. Radcliffe (Eng. Pat. 10076, 
1905) removes the thiocyanates by precipitate 
ing as cuprous thiocyanate with copper sulphate 
111 presence of sulphurous acid, the latter being 
obtained by burning a portion of the waste 
gases. Grossmann (Eng. Pat. 20387, 1906; 
7932, 1907; J. Soc. Chem. Ind. 1906, 411) has 
also described a process for avoiding the produc- 
tion of waste liquor and recovery of the ferro- 
cyanide and thiocyanates present in it. 

The avoidance of the production of waste 
liquor altogether is an especial object in the 
process of the Otto-Hilgenstock Coke Oven Co. 
(Eng. Pat. 12809, 1908) now being adopted in 
some coke-oven worka In this the gas from the 
ovens is treated for the removal of tar at tem- 
peratures above that at which water condenses, 
and then passed directly through sulphuric acid ; 
the aqueous condensate obtained in the subse- 
quent cooling of the gas is free from ammonia, 
and only contains small amounts of impnritjf, 
and it is claimed that no difficulty is expe^nom 
in disposing of it. Wilton (En^. Pat. 16355, 
1909) has patented a somewhat similar prooeas 
with the same object. 

The aqueous oondensate obtained by oooUhg 
the waste gases is a very noxious-smdling liquid, 
and is hence termed ‘ devil-liquor.* It contains 
sulphuretted hydrogen, pyridines, and eunilar 
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•ubstftnoet, And hydiooyanio Aoid, and b also 
difficult to dispose of« The hot condensate Irom 
the liquor-heator or ooonomiser is less objection- 
able than that obtained in the further cooling 
of the waste gases, which contains much more 
sulphuretted hydrogen; but if the latter is 
returned to the pipe conveying the hot con- 
densate and the waste gases from the economiser, 
most of the sulphuretted hydrogen is driven off 
again into the waste gases, and the combined 
liquor, after cooling, may be mixed with the 
effluent from the stills without increasing the 
difficulty of dealing with the latter (Broadberry, 
J. Gas Light. 69^ 345). 

The waste gases, after cooling, consist 
chiefly of carbon dioxide, sulphuretted hydrogen, 
and smaller quantities of hydrocyanic acid, as 
well as strongly smelling empyreumatic vapours 
derived from the tar. With coke-oven liquors, 
which often contain considerable quantities of 
f-yanide, the amount of hydrocyanic acid may 
be considerable, necessitating additional care in 
dealing with it owing to the poisonous nature of 
the gas. In many cases the gases are burneil 
under the boiler or other furnaces, and discharged 
with the products of combustion from the 
chimney ; or the gases may be burned separately 
and the resulting sulphur dioxide absorbed by 
passing the products throui^h a limestone tower 
down which water is passing, yielding ft solution 
of calcium bisulphite, or through scrap-iron 
towers, when a solution of ferrous sulphate is 
formed (Wilton, Eng. Pat. 15458, 1901). With 
small and medium-sized plants, the sulphuretted 
hydrogen and hydrocyanic acid are mostly 
removed by oxide of iron, in a similar manner to 
that employed for purifying coal gas. In place 
of purifying boxes, conical heaps of oxide of 
iron on a concrete floor are now much used, the 
gas being introduced from the bottom at the 
centre of the heap ; the spent oxide obtained is 
saleable for its sulphur content. The sulphur- 
etted hydrogen may also be precipitated with 
metallic salts, and where sulphuric acid is also 
made, the gases are burned and passed into the 
chambers, thus recovering the sulphur as sul- 
phurio acid. A considerable proportion of the 
waste gas is converted into sulphur by the 
Clans process (Eng. Pat. 3606, 1882; 5070, 
1883 ; 6968, 1883), also used on the large scale 
in the Chance sulphur-recovery process. By this 
method, sufficient air is mixed with the gas to 
react with the sulphuretted hydrogen in accord- 
ance with the equation 2H2S-t" 0^=21120-1-28, 
and the mixture passed through a kiln containing 
heated ferric oxulo, the sulphur formed being 
deposited in cooling chambers, and the residual 
gases passed through a email limestone tower 
and oxdde-of-iron purifier to remove any sulphur 
dioxide or sulphuretted hydrogen remaining. 
Ibe sulphur obtained is not very pure, owiflg to 
tar^ matters, &c., present in the gases treated. 

Mumfaeture of Caustic Ammonia (Liquor 
Ammoniac) and of Liquefied Ammonia.— The 
pure aqueous, solution of ammonia was formerly 
manufactured by distilling ammonium sulphate 
with lime in intermittent stills provided with 
mechanical arrangements for stirring the some- 
what thick cream, but it is now usuaUy made by 
the direct distillation of gas liquor, with suitable 
purification of the ps evolv^ from the stills, 
is then dissolved in water. In addition 


to the pure aqueous solution, a crude sdlotlon 
containing sulphide, and sometimes carbonate, 
is also largely manufactured, this being 
cheaper and equally applicable to many 
purposes, especially in the manufacture of soda 
by the ammonia-soda process, and for the 
prepa»*ation of other amraonfiira salts. This 
erude product is termed ‘ concentrated gas 
liquor,’ two kinds being manufactured, the one 
containing from 16 to 18 p.o. of ammonia, with 
both sulfide and carbonate present, and the 
other from 18 to 26 p.c, of ammonia, with some 
sulphide but little or no carbiinate. 

In the manufacture of the first-named liquor, 
the gases from the stills, worked as in the 
manufacture of the sulphate, pass through a 
reflux condenser, to remove some of the steam 
present, and then thr^gh a direct condenser, 
the gases from which are washed with water. 
Working in this manner, it is not practicable to 
obtain a greater strength of ammonia than 16-18 
p.c., as with higher concentrations stoppages 
occur in the condenser from crystallisation of 
ammonium carbonate. 

26 p.c. Conreniratcd Liquor. — In the manu- 
facture of this liquor containing little or no 
carbonic acid and only small amounts of sul- 
phuretted hydrogen, the crude gas-liquor is first 
subjected to a preliminary heating to tempera- 
tures somowhart below 100° (Hill’s process), at 
which temperature a large proportion of the 
carbon dioxide and sulphuretted hydrogen are 
evolved, accompanied by only small quantities 
of ammonia, the latter being recovered by 
washing the evolved gases with water or weak 
ammoniacal liquor, or by other suitable means ; 
the preheated liquor is then distilled os in the 
case of the sulphate process with the addition 
of sufficient lime to decomfiose completely all , 
fixed ammonium salts present, and the^team * 
and gases from the still passed through a reflux 
condenser, to remove the bulk of the steam, 
and thence to a condenser ; the condensate from 
the reflux condenser, which contains a consider- 
able amount of amraoni^ is returned to the 
still. The concentrated liquor from the final 
condenser contains usually about 26 p.o. of 
ammonia, and has a yellowish colour. It is 
usually almost free from carbonic acid, and 
should not contain more than 0*6 p.c. of sul- 
phuretted hydrogen. In addition small amounts 
of cyanide, ferrocyanide, and thiocyanate are 
mostly present, derived from the hydrocyanic 
acid evolved from the crude liquor, and also 
small amounts of phenols and of p3rridine 
bases. 

Pure Caustic Ammonia . — In the manufacture 
of this product, the procedure in the first part 
of the process is the same as in the cose of the 

P roduction of the 26 p.c. concentrated liquor 
'o further purify the gases evolved from the 
still, and to remove as completely os possible 
all impurities from them after passing the reflux 
condenser, the gases traverse a set of two or three 
washers containing cream of lime to remove carbon 
dioxide, sulphuretted hydrogen, hydrooyanio 
acid, and phenol vapouss, the partly used lime 
flowing back;, to the stills to effect the decompo- 
sition of lAe fixed ammonium salts, and 
recovery of ammonia from the cream. To 
ensure the removal of the last traces of sulphur- 
etted hydrogen, ferrous sulphate solution is 
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mif^iinet ftdded to the laiit lime T^Mber, the 
hydroxide formed by the action ot the 
li^e retaining the gae as ferrous sulphide, or, 
according to Pfeiffer (J. Gasbol, 1900, 89), a 
small final washer containing caustic soda 
solution is added. Solutions of sodium per- 
manganate or aifimoniu m persulphate may also be 
us^ (Foucar). The gases then pass through a 
of scrubbers charged with wood charcoal, 
“^iduoh remove the strongly smelling empyrcu- 
ipitio substance derivea from the tar, and in 
some cases additional purification in this respect 
is effected by passing the gas through a fatty or 
IWgh-boiling mineral oil. The resulting purified 
gas is then led into distilled water, and thus con- 
verted into solution of any desired strength up to 
about 36 p.o. The charcoal scrubbers must be 
renewed as soon as tiaeir activity becomes 
lessened, the spent material being revivified by 
heating in closed retorts. 

Te^nioal caustic ammonia is usually clear 
and colourless, and contains only small quantities 
of pyridine and empyreumatic substances. When 
these are present in larger quantity, owing to 
defective action of the charcoal filters, the liquid 
assumes a yellowish colour on keeping. Its 
strength is ascertained from its . specific 
gravity. 

Liquefied Ammonia , — The liquefied gas, 
stored in steel cylinders, is now largely produced 
and employed for refrigeration imrposes. It is 
manufactured from the gas obtained and 
purified as described for the manufacture of the 
pure aqueous solution, but instead of passing 
It into water, it is well dried, and then com- 
pressed by suitable pumping machinery. The 
commercial liquid usually contains small 
amounts of water, pyridine, and lubricating oil, 
and traces of other substances, but is now 
‘ sold, in many oases, as of guaranteed 99-9 p.c. 
purity. . _ , 

Ammonium Chloride (Muriate ol Ammonia 
or Sal-ammoniac). — This salt has been manu- 
factured in a similar manner to that employed 
for the sulphate, by passing the gases from 
the stills into hydrochloric acid, but as 
lead is attacked under these conditions, the 
saturator must be constructed of stoneware or 
similar material, which has many disadvantages. 
It i§ now usually made by neutralising hydro- 
oUo^O acid with concentrated gas liquor, and 
evaporating and crystallising the resulting 
solution, or by evaporating a solution of ammo- 
nium* sulphate and sodium chloride in equivalent 
proportions ; the sodium sulphate formed 
separates out during concentration as the 
monohydrale, which is removed by ‘ fishing,’ 
leaving finally a concentrated solution of ammo- 
nium chloride, which is purified by orystallisa- 

It is also manufactured by neutralising 
‘•galvonisers* piokle” (which consists chiefly w 
fenous cUoride) with ammonia, and by the 
aOtfon of ammonium carbonate (or of ammonia 
amdAarbon dioxide) on calcium chloride solution, 
IJielattor being obtained in large quantity as a 
by-product in the amipouia-soda manufacture, 
and to that of potassium chlorate ; the solutions, 
ammonium chloride obtained m either case 
lufe evaporated and crystallised after removal of 
^Wblpitated substances. • 
f Ao^onium chloride may be obtained iu 


eub iea l crystals by adding small amounts ol 
ammonium acetate to the^ozystallising solurion* 
The modification of oiystalline form is probably 
due to acetamide produced by the decomposition 
of the ammonium acetate. 

Ammonium chloride is frequently purified 
by sublimation, the sublimed product being 
known as sal-ammoniac. In this country the 
operation is carried out in large iron pots 
externally heated and covered with a similar 
concave iron plate on which the sublimate 
(sal-ammoniac) forms. This is detached at the 
end of ilic operation, the surface adhering to the 
iron, which is always discoloured, being removed 
previous to sale. In France the discolouration 
with iron is avoided by using earthenware pots, 
but the product is more expensive, owing to 
the fact that the pots are destroyed at each 
operation. 

The commercial crystallised salt is white or 
only slightly discoloured, whilst the sublimed 
material has a fibrous structure, and frequently 
contains small amounts of iron. It is employed 
in pharmacy, soldering, galvanising, dyeing, and 
calico-printing, and in small quantities for many 
other purposes. 

Ammonium Carbonate (Sal-Volatile).— The 

commercial product sold under this name 
consists of a mixture of ammonium bicar- 
bonate ^114-1 1 CO 3 with ammonium car- 
bamate N}l2-CO*ONH4, and contains about 31 
p.c. of ammonia and 60 p.o. of carbon dioxide. 
It is usually prepared by subliming a mixture 
of about 1 part of ammonium sulphate with 1 '5 
to 2 parts of chalk in retorts, the evolved gases 
being passed into leaden chambers, where the 
carbonate is deposited as crusts on the walls, 
the exit gases being washed with water or 
sulphuric acid to recover the uncondensed 
ammonia. Lunge recommends the passing of 
an additional quantity of carbon dioxide through 
the chambers to effect a more complete recovery 
of the ammonia. As soon as the crust has 
attained a sufficient thickness it is detached, and 
is usually purified by resublimation. In Kun- 
heiin’s process, the carbonate is prepared by 
passing ammonia obtained by the distillation 
of gas liquor direct into chambers, where it 
mixes with carbon dioxide and deposits the 
carbonate as a crust. {See also Bueb, Eng. 
Pat. 9177, 1910.) 

The commercial product forms crystalline 
crusts, smelling strongly of ammonia, which is 
Partially evolved on exposure to the air^ the 
mass efflorescing and leaving a powder consisting 
of ammonium bicarbonate. It is employed in 
wool-scouring, dyeing, and as a constituent of 
baking powders. 

Ammonium Nitrate.— This is produced 

to a^very large extent for use in the explosive 
industry and in the preparation of nit^ua 
oxide. It may be obtained by nentraluiii^ 
caustic ammonia with nitric acid, and eviqpoiA^ 
ing and crystallising the solution if neoewsaiy, 
or by passmg ammonia-gas from the stilR 
purification, “toto commercial nitric acid# iMifc® 
heat evolved by the combination oaasing^^e 
evaporation of the water present and prodiu^llon 
of fused ammonium nitrate. Gidoium 
may also be converted into ammtmium nUratf 
bypassing ammonia and carbon dioxide 
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Eo by the process of Ftceth and Cocksedfee j of 
'(Eng. Pat. 120678). This process depends on 
the fact that when a solution saturated With 


respect to ammonium nitrate, sodium nitrate 
and sodium sulphate at any given temperature, 
but not in contact with the solid salts, is diluted 
with sufficient water to enable the solium salts 
to be retained in solution at a lower tempetalurc 
to which it is to be cooled on dilution, then, on 
cooling to that temperature ammonium nitrate 
crystaBises out^ in practically pure condition. 
Alter separation of the nitrate, the clear solu- 
tion is concentrated to diive off the amount of 
water added on previous dilution, and a further 
quantity of a mixture of equivalent amounts of 
sodium nitiate and ammonium sulphate added. 
The whole is maintained at a temperature not 
lower than that at which the original ''as 
saturated previous to dilution with vater. 
Sodium sulphate then seiaratcs in practically 
pure condition, and after its removal the; dilu- 
tion with water and cooling is repeated, and 
the cycle of operations repc ated. In this manner 
the whole of the ammonium sulphate and sodium 
nitrate are completely convc rted into practically 
pure ammonium nitrate and sodium sulphate. 

Calcium nitrate may a%o be con'fcrted into 
the ammonium salt by passing ammonia and 
carbon dioxide gases through its aqueous solu- 
tions, calcium carbonate being precipitated. 

Ammonium phosphate. Monammonium phos- 
phate {NH 4 )H-P 04 , and diammonium phos- 
phate (NH 4 )jHP 04 have become commercial 
products by the process of Lagrange, which 
starts from commercial calcium superphosphate. 
This is lixiviated by water and steam, and a 
solution of 42*'rw. is obtained, together with a 
residue of calcium sulphate. Some of the 
latter remains in the solution, and is re- 
moved by carefully adding barium carbonate. 
The filtrate is neutralised by ammonia in slight 
excess, whereby all the lime is precipitate 1 as 
basic phosphate, which is washed and used over 
again for the manufacture of superphosphate, 
luo filtered solution, marking 32*Tw'., contains 
monammonium phosphate, and can be worked 
for this or for diammonium phosphate. The 


Pat. 14164, 1894), the ammonium thiooarbonaw 
first produced undergoing conversion into thio- 
cyanate. A concentratea solution of ammonium 
imooyanate is now prepared in a numbes of 
gas works, aeoording to tlu' British Cyanide 
and Williams’ process (Eng. Pat. 13653, 190»^ 
by pass-ng the crude gas containing ammtatil 
and hydroeyanio acid tbrough a purifier con- 
tain ng sulphur in the form of spent oxide and 
moistened with water and fftd with powdeied 
sulphur, the ammonium polysulphide first 
formed combining with the hydrocyanic acid 
to form thiocyanate, solutions of 30-60 p.o. 
strength being leadiW obtaned, which only 
contain small amounta of other non-volatile 
ammonium salto. 

I’ho pure salt is used in dyeing and calico- 
printing, and may be obtained from the crude 
product by first converting it into the barium 
salt with baryta- w'ater ; or the barium salt may 
be produced by the action of barium sulphide 
on cuprous thiocyanate. After purification by 
recrystallisatioQ, " the barium salt is exactly 
precipitated with ammonium sulphate, and the 
solution evaporn,tcd and crystallised. The white 
deliquescent salt has frequently a reddish colour, 
duo to the formation of the red ferric thiocyanate, 
from traces of iron present. 

Ammonium persulphate. This salt is now 
produced on the commercial scale by the 
electrolysis of ammonium sulphate, and is 
employed for photographic purposes and as an 
oxidising agent. The commercial product usually 
contains small quantities qf lead derived from 
the electrodes used in its manufacture. 

H« C» 

AMMONIACUM, AFRICAN, GUM, PERSIAN, 

V. Gum RusiNs. 

AMMONITE V. Exim.ohivbs. 

AMMONIUM MELEQUETA r. Cocculus 

INDUU.S. , . , 

AMPANGABEITE, A rare-earth mineral 
from Madagascar, described by A. Lacroix in 
1912. It IS a tantalo-columbate (containing 
but little titanium) of uranium (UO, 19'4 p.o.), 

iron, yttrium, thorium, &c. The crystals are 
• • ’ • ’ ' ~ ' 


Tgrad^aiy STeato™ I orthor-hombio and form 
solution with ligJ —to of ap-sr. 0'92. in of large pnams of a I;™™ “ 
the nroixirtion of U equivalents of NH, to 1 of ! greasy lustre, bp.gr. ,} 97-4 29, depen^ on 
(NH^)lS(POi). The (Sammonium phosphate at I the degree of hydration, the jnaterial beiag 
once semro^ out as a crystalline mass, whiah, ; opticaUy isotropic Ihe mineral occi^ ano- 
after coSng, is .submitted to hydraulic pressure. , ciated with beryl, columbite, struvente, 


cooling, , % , 

The operation is carried out in a closed vessel, 
to prevent the escape of ammonia. The mother 
liquor is employed for the manufacture of 
ammonia. The diammoniuro phosphate is prin- 
cipally used in Lagrange’s sugar-refining pfocess. 

Ammonlam thiocyanate is manufactured in 
oonsideiable quantity in the crude state, but 
the product is for the most part simply employed 
as an intermediate product in the manufacture of 
cyanides. It occurs, as has been mentioned, m 
fxmsiiietable amount in gas-liquor, and also in 
spatffc cixide, from which it may be extracted by 
'Wttfliif; but in both oases it is mixed with so 
otW impurities that its recovery is not 
* i^unweative ; H may, however, be eiwily iso- 
lated as oupious thiocyanate by precipitatiou 
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monazite in pegmatite veins at Ampangabe, 
Ambatofotsikely, and Tongafeno. A consider- 
able number of loose crystals have been oqllcctdd 
from the weathered debris of the pegmatite. 

L J S 

AMPELOPSIDIN, AMPELOPSIN, v. Antuo- 

CYANINS. 

AMPHOTROPHIN. Trade name for helxa- 
methylenetetramine camphoraie. 

AmRAD-GUM. This gum forms white, 
yellow, and brown lumps oia sweetish taste and 
resinous smell. An s^ueous solution (I - II) ^ 
viscid and strongly adhesive. It idso gives with 
oil excellent emulsions, which keep very weU. 
The diy subgtanoe contains 6 ‘61 p.o, of ash, 
consisting of c^bonio acid, lime, iron, magnesia, 



AMRAD-GUM. 


m 

'tiroes of phosphoric acid and silica. Has been 
recommended as a substitute for gum arabio. 
It was brought into the market some years ago, 
and comes from the Abyssinian highlands; is 
probably obtained from Acacia etbacia (Sohwein- 
lurth). (H. Unger and Kempf. Pharm. Zeit. 33, 
218 ; J. 800. Chtm. Ind. vii. 44G.) 

AMYGDALASE, AMYGDALIN u. Gluco- 

SIDES. 

AMYGDONITRILE GLUCOSIDE Gluco- 

blDES. 

AMYGDOPHENIN V. SvNraETlC DRUGS. 

AMYL signifiM the hypothetical mono- 
valent radical CjHn — , derived from the three 
isomeric pentanes, CsHjj, by removal of one 
hydrogen atom. Normal pentane may have 
one hydrogen atom substituted by a mono- 
valent atom or grouji inothree ways, secondary 
pentane or dimethylethylmctliano may have 
one hydrogen atom substituted in four ways, 
and tertiary pentane or tctramctbylmethane 
may have one hydrogen atom substituted in 
one way. There are thus eiglit senes of deriva- 
tives of the radical ‘amyl.’ Jt is usual to 
designate as amyl cotnpoundfi t hose of the type 
CHaUHj’CIIj’CHg'CHjX, where X signifies a 
monovalent atom or group, and those of the 

typo Qjj^^CH’CHa'CHgX ns inoamyl com- 
pounds. Frequently derivatives of the type 
X’ optically 

active form, are referred to as active amyl com- 
•pounds^ as the commonly occurring active amyl 
alcohol belongs to this class. The other types 
of amyl derivatives are designated according 
to the usual methods of nomenclature in organic 
chemistry. 

The amyl compounds of technical importance 
are all prepared from fusel oil, and are therefore 
in no case pure chemical individuals, but con- 
sist of an iwoamyl compound containing a 
variable proportion of the corresponding d- 
amyl derivative. 

Amyl Alcohols CsH,iOH. The eight theo- 
retically possible structural isomerides are all 
known. Of these, three should also bo capable 
of existing as optically active stcrcoisomeridcs. 
This has been realised in two cases, but not m 
the third, namely that of methyb'aopropyl- 
carbkol. 

n-Amyl Aleohol CH, CH, CH, CH,-t!H,OH 
(Pentanol). This alcohol was prepared in an 
impure state by Schorlemmer (Annalen, 1872, 
161, 269) from crude pentane. Wischnegradsky 
(Aimalon, 1878, 190, 328) concluded that it was 
present in "commercial amyl alcohol, but this 
has been shown to be incorrect (Tissier, Bull. 
Soc. ohim. [3] 9, 100). 

It is a colourless liquid of fusel oil odour; 
b,p. 137-7“; D2^=0-8168. It is best pre- 

pared by reducing valeramide with sodium 
and alcohol (Chem. Zentr. 1904 [2] 1698), or by 
a simihu’ reduction of ethyl-n- valerate or ethyl- 
n-propylaoetoacetate (D. R. P. 164294, 1905 ; 
see also Biochem. Zeitsch. 1914, 62, 470 ; and 
Annalen, 169, 70 ; 233, 2b3). 

Iitbutyl Garbinol (CH,),CH-CH2CH20H (3- 
methyibutanol). Ordina^ woam^l alcohol, fer- 
mentatioa amyl alcohol, is the ohW constituent 
nl most Ittssl oils. It also occurs ^ angelic and 


tiglic esters in oil of camomile (Annalen, 195, 
99). It constitutes frooh 60 to 86 p.c. of 
technical amyl alcohol. (For further details as 
to the isolation of isoamyl alcohol from fusel 
oil, &c., see below under ‘ Fusel Oil.’) 

It is a colourless liquid possessing a character- 
istic, cough-provoking, odour; b.p. 131 '47760 
mm., 46*8714 '2 mm. It freezes at —134°, and 
meltsat -117-2° ; dJ,'= 0-823. It is soluble in 
50 parts of water at 13-5°. One litre of water 
dissolves 34'7 c.c. isoamyl alcohol; 1 litre of 
the alcohol dissolves 22 '14 c.c. water. 

Tt may be prepared synthetically by reducing 
icsovalerio acid (from iiobutylalcohol), or better, 
by the action of trioxymethylcne on i<sobutyl- 
magnesium bromide (Loequin, Bull. Soc. chim. 
1904, [3] 31, 699). It is a strong poison both to 
human beings and to bacteria. It is about 
eight times as poisonous to man as ethyl alcohol. 

Derivatives. — Urethane, m.p. 64 '6° ; phenyl 
urctliane, m.p. 64° ; phenyl carbamate, m.p. 56°. 

Secondary Butyl Garbinol 

CHg-C H2UH(CH3) 'UH gO H 
(2-methylbutanol). Active amyl alcohol, the 
second constituent of commercial amyl alcohol, 
is a colourless liquid of similar odour to the 
above. The vapour does not provoke coughing, 
but has greater stup^^fying effects; b.p. 128° ; 

D4f=0-8f6; [a]^,^"rl-6-90°. 

The active alcohol, in spite of its Icevorota- 
tion is more correctly termed tZ-amyl alcohol, on 
accoimt of its genetic relationships with d- 
tsoleucine and with rf-valoric acid. The oxida- 
tion of the alcohol yields pui’e rf-methylethyl- 
acetic acid. For the methods of isolating the 
pure active alcohol from fusel oil, see below, 
under ‘ Fusel Oil.’ It should be noticed that all 
technical amyl compounds contain variable 
amounts of the active amyl derivatives. 

Z>erim/tve5.— Urethane, m.p. 61° ; phenyl 
carbamate, m.p. 30° ; 3-nitrophthalate, m.p. 
114°. 

The active alcohol is partially or wholly 
racemised by heating above 200°, more especi- 
ally when in the form of sodium amylate or in 
the presence of salts soluble in the liquid (Chem. 
Soc. Trans. 1897, 71, 256 ; Proc. Roy. Soc. 
17, 308). The racemic alcohol has been synthe- 
sised by the reduction of natural or synthetic 
tiglic aldehyde (Herzig, Monatsh. 3, 122), and 
by the action of secondary butylmognesium 
bromide on trioxymethylene (Freundler and 
Domond, Bull. Soc, chim. [3] 36, 110). It has 
b.p. 128°/749 mm. Its acid m-nitrophthalate 
melts at 117°. A mixture of raoemio with 
Lamyl alcohol was obiliained by Le Bel (BulL 
Soc. chim. 1878, [2] 31, 104). 

Tertiary Butylcarbinol (CHa)8C-CHaOH (2-2- 
dimetkylpropanol). This alcohol is a volatile 
solid melting at 62°-53°, and has a pleasant 
turpentine-like odour ; b.p. 113°-114°. It has 
all the characteristic properties of a primary 
alcohol. 

It has been prepared' by reduction of tri- 
methylacetyl chloride, also, in poor yields, by 
chlorination, &o., of tetramethylmethane and 
by the action of a Grignard reagent on para- 
formaldehyde or methyl formate (Tissier, Atm. 
Chim. Phys. [61 29, 340 ; Sameo, Annalen, 351, 
266; Bouveault, Compt rend. 138, 985| 1108). 
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The action oi nitrous acid upon this alcohol 
yields not this alcohol, but the isomeric dimethyl- 
ethylcarbinol (Tissier,iiUompt. rend. 112, 1066). 

Methyl-n-propylcarblnol CHj-CHlOH) 

(pentanob2). This is a colourless liquid of b.p. 

119°, and D^[j”=0'8102. It is prepared by the 
reduction of methyl-n-propyl ketone by means 
of sodium amalgam, or better, by the method of 
Sabatier and Senderens (Cbem. Zentr. 1903, [2] 
708). The best method of preparation is by 
the action of propylmagnesiumbromide on 
acetaldehyde. 

This alcohol is racemic, Lo Bel, using 
Penicillium glaucum, obtained a la?vorotatory 
specimen (Comp*t. rend. 89, 312). Pickard and 
Kenyon (Chem. Soc. Trans. 1911, 99, 46), by 
crystallisation of the strychnine and brucine 
hydrogen phthalates, obtained the pure d- 
alcohol; b.p. Ilg-S^-llB-O” ; »‘P°=0-81C9: 

1 - 4 “''= + 13 - 70 °. 

Methylisopropylcarbinol 

CH3-OH(OIi)-CH(CHg)a 
(4-methylbutanol-2), a colourless liquid of b p. 

1 13°, which has tho fusel oil odour. It does not 
freeze at —33°. It has i)jyy=0‘819- Hydrogen 
halides react with it veiy slowly to produce only 
tertiary compounds, such %s 0 aBlr/(^W 3 ) 2 ’^^‘^^l* 
It has been prepared by the reduction of tho 
corresponding ketone, and, in good yield, by the 
peculiar action of zinc dimethyl upon bromo- 
acetyl bromide or chloroacetyl chloride (Anna- 
len, 191 , 127 ; 209, 87). It may also be obtained 
by the interaction of methylmagnesiura bromide 
and isobutylene oxide, chloroacetono, or chloro- 
acetyl chloride (Compt. rend. 145, 21). 

This alcohol is racemic ; the optically active 
commonents have not been isolated. 

Diethylcarbinol OaH5(lH(()H)C2H6X (penta- 
nol-3). This is a colourless liquid having the 
usual amyl alcohol odour; b.p. 114°-115°/749 
mm. ; ‘“=0*8271. 

It is prepared by the action of ethyl formate 
on zinc ethyl (Annalen, 175, 361), or on ethyl- 
magnesiumbromide (Chem. Zentr. 1901, [2J 
623). 

Derivative . — Phenyl urethane, m.p. 48°-49°. 
Ethyldimethylcarbinol (- 2 H 5 C(CH 3 ) 20 H (1- 
l-dimethylpropanol). This alcohol, commonly 
known as ‘ amylene hydrate,’ is a colourless 
liquid possessing an odour resembling that of 
camphor; b.p. 101*6°-102°; m.p. —12°; 
D}*„=0-8144. 

It has been prepared synthetically by the 
interaction of propionyl chloride and zinc 
dimethyl (Annalen, 190, 328). It is produced 
commercially by treating amylene with aqueous 
sulphuric acid, and subsequently boiliii^ tho 
solution. Trimethylethylene, the chief con- 
stituent of commercial amylene, is thus quanti- 
tatively converted into tertiary amyl alcohol, 
which is employed n^edicinaUy as a hypnotic. 

Fusel Oil is the source of all commercial 
amyl compounds. It is a yellow or brownish 
liquid possessing a nauseating taste and a 
oharacteristio unpleasant, cough - provoking 
odour. It boils from 80° upwards, but chiefly 
between 128° and 132°. It has a density of 


about 0*83. It bums with a bright flame^ and 
its main constituents are usually taoamyl 
alcohol and active (laevorotatory) d-amyl alcohol 
in varying proportions. 

The larger quantity ol commercial fusel oil 
is obtained as a residue in the refining of the 
crude spirit from the fermentation, of potatoes 
or molasses. The separation ^is effected by 
fractionating the fermented liquor, usually in 
a continuously operating plant (.see under 
Alcohol). When the ethyl alcohol content of 
tho liquid has fallen to 15 p.c. the fusel oil may 
bo removed from the surface, whore it separate 
as an oily layer. Crude spii^t after fractiona- 
tion may contain 95 p.c. of ethyl alcohol, and 
usually about 0 4 p.c. of fusel oil. Brandy con- 
tains at the most only traces, but the spirits 
having tho most pleasing aroma, those from 
corn or fruit, t.g. chorries, &o,, may contain 
up to 0‘G p.c. or more of fusel oil, partly in 
the form of esters The presence of the fusel 
oil may increase the intoxicating qualities of 
the spirit, but the harmful effects of excessive 
spirit drinking seem to be mainly caused by 
ethyl alcohol. 

The chief constituent of most fusel oils is 
the mixture of amyl alcohols which constitutes 
65-80 p.c. of the whole, and which is sold as 
commercial amyl alcohol of b.p. 128°- 132°, 
The proportions in wliich the two amyl alcohols 
occur in commercial amyl alcohol vary con- 
siderably, as Marckwald pointed out, according 
to the source of the specimen. Ordinary com or 
potato amyl alcohol contains from 13*5 to 22 p.c. 
of the active isomeride, while the amyl alcohol 
from molasses fusel oil contains from 48 to 58 
p.c. of the lacvorotatory alcohol. Besides tho 
amyl alcohols, ordinary fusel oils contain 
usually from 15 to 25 p.Cj» of tsobutyl alcohol 
(b.p. 108°), and from 4 td 7 p.c. of w-propyl 
alcohol (b.p. 97°). But the fusel oils from 
wines may contain large quantities (as much as 
60 p.c. of tho whole) of w-butyl alcohol. That 
produced by the Fernbach Fermentation Process 
is said to contain 66 p.c. of butyl alcohol. 

In addition to these piain constituents, there 
arc always present in slfiall quantities some or 
all of tho following : hexyl and heptyl alcohols, 
furfurol, acetaldehyde, ?.5obutyl and valeric 
aldehydes, ammonia and amines, pyridine, 
pyrazino derivatives, traces of all the fatty 
acids up to caprio acid in the form of ethyl, 
amyl or oenanthyl esters, terpene and terpene 
hydrate. 

Tho formation of fusel oil in fermentation 
has been explained by Ehrlich (Ber. 1906, 39, 
4072; 1907, 40, 1027, 2638; 1912, 46, 1006; 
Biochem. Zeitsch. 1911, 36, 477 ; see alsd 
Biochem. Zeitsch. 1907, 3, 121 ; 1908, 10, 490), 
Ehrlich has shown that the addition of leucine 
andd-».5oleucine, in the form of, e.gf., hydrolysed 
egg albumen, during the fermentation process, 
results in a largely increased yield of amyl 
alcohols. This is made the basis of a technical 
method {IX R. P. 177174), Leucine, from 
albumen, can also be converted by dry distilla- 
tion into amylamine (D. R. P. 193166), and 
thence into a mixture, of amyl alcohols similar 
to that occurring in fusel oil. 
i DetectiM ana Estimation . — Fusel oil is best 
I detected in spirits by rubbing a little of the 
i liquid between the hands, when the ethyl alcohol 
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avApocfttes and the residue reveals itself by ite 
smell. When a lat^e quantity is available for 
the estimation, it may be accomplished by 
subieoting the material to fractional oistillation. 
For ordinary purposes the usual method depends 
on the extraction of the fusel oil from a 30 p.c. 
ethyl alcohol solution by means of chloroform, 
the increase in'* volume of the latter being 
observed (see Ehrlich, Ber. 1907, 40, 1031 ; 
Pringsheim, Biochem. Zeitsch. 1907, .3, 233). 
For another valuable method, see Aberhaldcn’s 
Handbuoh der biochemische Arbeitsmethode, 
ii. 11 ; V . Fusel oil. 

Uses. — Fusel oil and commercial amyl 
alcohol are valuable solvents for resins, fats, and 
oils ; amyl alcohol, being much more useful 
for these purposes than ethyl alcohol, is therefore 
indispensable in industry. It is much used in 
the nitrocellulose smokelePHS powder and lacquer 
industries. It has been proposed as a raw 
material for the production of syntlietic rubber 
(Perkin, J. Soo. Chem. Ind. 1912, 31, Old). 

Preparation of Isoamyl and d-Amyl Alcohol 
from Fusel Oil. — Tliis separation was first 
partially effected by Pasteur (Annalcn, 1855, 99, 
255) by the fractional crystallisation of the 
barium salts of the amyl sulphuric acids. Le 
Bel went further, using the fact that conversion 
of the alcohols into the chlorides by hydrogen 
chloride left a more active residue than the 
original mixture (Bull. Soc. chim. 12] 21, 542 ; 
25, 545). Marckwald finally isolated the two 
alcohols in a state of chemical purity (Ber 1901, 
34, 479, 485; 1902, 35, 1595, 1002; 1004, 37, 
1038), by fractional crystallisat ion of the 3- 
nitrophthalic esters and also by using Pasteur’s 
method. All the pairs of derivatives of the 
two components of natural amyl alcohol 
examined by Marckwald formed mixed crystals. 

To obtain fioainyFalcohol, use a potato amyl 
alcohoKcontatning 80 p.c. of tisoamyl alcohol 
and convert it at once into the 3-nitrophthalic 
ester, which is quickly purified by recrystallisation. 

To obtain d-amyl alcohol (laevorotatory), use 
the molasses amyl alcohol containing at least 
50 p.c. of the required compound. Saturate 
with dry hydrogen chloride at 0 '^, and heat in 
an autoclave for five hours at 1 10". On distilla- 
tion of the product a liq uid is obtamed containing 
80 p.c. of the active alcohol. This is then con- 
ver^jl into the 3-nitrophthalate and recry stal- 
lised from benzene until the melting-point of 
the compound is 114°. The two alcohols are 
very eaeuv obtamed from the acid nitrophthalic 
esters by hydrolysis. 

Amyl Aoetaie CsHjjO’CO'CHg. A colour- 
■less neutral mobile liquid having a pene- 
trating odour resembling that of jargonelle 

pears; b.p. 138*5°-139°; == 0-875, Is 

easily inflammable, and sparingly soluble in 
uraler, but easily so in organic solvents. For 
its preparation, 1 part of commercially pure 
amjd alcohol, 1 part of glacial acetic acid, and 
part of concentrated sulphuric acid, are heated 
at 100 ® for five hours, the mixture poured into 
watei^ and the oil separated. The on is shaken 
with a strong aqueous ,, solution of sodium 
oarbonate^ dned, and distilled. (See also 
rend. 1911, 152, 1671 ; and^Eng. Pat. 
4669, where fusel oil, hydrochloric acid, and 
oiteium acetate are us^.) 


The alcoholic solution is largely used under 
the name of ‘Jargonelle Pear Essence,’ for 
flavouring confectionery. »Amyl acetate is an 
excellent solvent for gun-cotton, camphor, 
tannin, and resins, and is therefore greatly 
used in the celluloid and varnish industries. 
It is also used in the manufacture of smokeless 
powder and photographic films. It is recom- 
mended as a standard oil in photometry (J. 
Soc. Chem. Ind. 1886, 262). See afoo Acetic Acid. 

Amyl Ether CcHu O-CbHu. A colourless 
liquid possessing a pleasant pear-like smell; 
b.p. 172-6°-173°; D16“=0-7807. It is pre- 
pared by heating the alcohol to its boilmg- 
point with 1/10 part of concentrated sm- 
phuric acid (B. R. P. 200150), or with 1/10 
part of amyl iodide in an autoclave at 250°. It 
is used as a solvent in the Grignard reaction, 
for fat extraction, for perfumes, alkaloids, in 
the varnish industry, and therapeutically. 

Amyl Formate CbHjjO-CO-H. A fragrant 
liquid of b.p. 123*3° ; and D^o=0'8944, pre- 
pared from fusel oil and formic acid or from 
fusel oil, glycerol, and oxalic acid. H is used 
in the synthetic fruit essence industry and in 
the laboratory in the preparation of oxymethy- 
lene derivatives. 

d-Amyl Mercaptan CgHn-BH. A liquid of 
b.p. I19°-121°, was prepared in a state of purity 
from fusel bil by Vorocek and Vesely (Ber. 1914, 
47, 1515) and used to resolve racemic arabinoae 
into its optically active components. . 

Amyl Witrite C 5 H j , 0 -NO. A yellow neutral, 
or feebly acid liquid, possessing a fruity 
smell; b.p. 97°-99° ; 0-870-0 -880. It 

bums with a brilliant flame. It should be 
kept protected from light, but m any case 
it is beat either freslily prepared or repeatedly 
fractionated before use. Tne vapour should 
not be inhaled. It is prepared by passing 
nitrous fumes into amyl alcohol kept at 70°-90° 
(Balard, Ann, Ohim. Phys. [3J 12, 318 ; Wmiams 
and Smith, Phann. J. 1886, 499). Bouvoault 
and Wahl passed nitrosyl chloride into a dry 
mixture of pyridine and amyl alcohol (Compt. 
rend. 136, 1663). For a rapid method of pre- 
paration, involving sodium nitrite, see Ber. 
1886, 19, 915. 

The pure isoamyl nitrite has b.p. 97° and 
D IG^^O SSO (Dunstan and Williams, Pharm. J. 
1889, 487). 

It is used in the preparation of diazo and 
tsonitroso compounds or nitroso chlorides, and 
as the ‘ amylium nitrosum ’ of medicine for the 
treatment of epilepsy, asthma, angina pectoris, 
&o., since it reduces blood pressure ana retards 
the pulse. It is also used in the manufacture 
of sweets, perfumes, fruR essences, &c., in spite 
of its harmful effects. 

Tertiary amyl nitrite (CH8)a(CaHB)-C-0*N0 
(Bertofli’s ‘ Amylonitrous Ether j has been used 
as a substitute for ordinary amvl nitrite, its 
action being stronger in degree and more lasting* 
It is a yellow liquid of weak camphoraceoufi 
odour and peppermint taste ; b.p. 93° (J. Soo. 
Chom. Ind. 1889, 1003). 

Amyl Salicylate 0 BH„O-CO-CeH 4 -OH(Amyl- 
enol) is a colourless rkractive liquid of b.p. 
260° (with decomposition), and 116°/2 mm. ; 

1*066. It is pi*oduoed by passing dry 
hydrogen chloride into a fiaturatkl aolut&n oi 
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Mid ki amyl alcohol, and after some 
hours pouring into water and working up as 
usual. * 

It is used medicinally as an antirheumatio and 
in the perfume and fruit essence industry C. S. ( J . 
AMYL ACETIC ACID (Active) t;. Heptoic 

ACIDS. 

iso-AMYLACETIC ACID v. Heptoic acids. 
a- and )8-AMYLANS n{CaH,oO,) ? 


It is obvious that the 'amyians* .retkum 
further investigation. Aooording to CSulUvaOt 
it is probably owidg to the presenoe of amylan 
that unmalt^ barley cannot be satiafaotorily 
employed in the preparation of beer. Malted 
grain does not contain it. Distillers using raw 
grain (oats and barley) have ^t times much 
difficulty in separating the wort (solution of 
sugars, &c.) from the grains (undissolved 


After 6rst extracting cereals with strong portion of the grain employed) in consequence 
alcohol, the aqueous extract contains gummy j of the presence of amylan in quantity, the 
IsBvorotatory colloidal carbohydrates, which j barleys and oats of some seasons containing 
are precipitated by strong alcohol. The product much more of it than at other times. E. F. A. 
so ODtained from barley is a mixture, part being I AMYLARINE, iaoamyltriraethylammonium 
soluble in cold w'ater. The insoluble crumbly ^ hydroxide. 

residue, amounting to 2 p.c. of the barley, isl AMYLASE v. Diastase ; Enzymes. 
tt-amylan. It has [a]D~21-6, and does not] AMYLENE C5H1,,. Eight isomeric amylenes 
reduce F ehling’s solution ; it is gelatinised in j are theoretically possible, and all have been pre- 


hot water, and yields viscous solutions even at 
1~2 p.c. concentration. O’Sullivan (Chem. 80c. 
I’rans. 1882, 41, 24) found it to be present in 
barley, oats, wheat, and rye, especially in the 
two first named. The soluble product fi- 
amylan has [ajo— 65®; it amounts to O-.*! p.c., 
and is very similar to a-amylan in properties. 

O’Sullivan obtained from )3-amylan, l>3 
fractional precipitation with alcohol or on boiling 
with milk of lime, a similar substance [ajri 
— 129*7®. This he regarded as a decomposition 
product, but this is probably not tffie case. 
O’Sullivan states that the amylans yield glucose 
alone on hydrolysis. Lintnor and Diill (Zeit. 
angew. Chem. 1891, 538) obtained galactose 
and xylose from barley gum. Wroblowski 
(Bor. 1893, 30, 2289) obtained arabinose. Lindci 
(Berlin Congress, 1903, 3, 498) isolated a dextro- 
rotatory gum from barley, in addition to a 
Isevo-rotatory gum. 

Contrary to O’Sullivan’s 


pared. These hydrocarlfons have been chiefly 
studied by Flavitzky ( Aniialeii, 179, 340), Wysch- 
negradsky (Annalen, 190, 336), and by Kondakolf 
(J. Kuss. 1‘hys. Chem. Soc. 24, 381), and can be 
obtained by the action of alcoholic potash on 
the various amyl iodides ; or by the action of 
dehydrating agents such as sulphuric acid or 
zinc chloride on amyl alcohol. They can often 
bo converted into one another by the action of 
hydriodic acid and the subsequent removal of 
the latter, thus : 

Me^CU CH : CH4+ Lll 

KOH 

— >Me^CH CniMe MejC : CHMe 

+ alcohol 

The amylene ordinarily met with is tri- 
mothylethylene, and is chiefly obtained by the 
dehydrating action of zinc chloride on formenta* 
tioii amyl alcohol. 

Preparation . — To prepare amylene, ferment** 
tion amyl alcohol ( 1 part) is sicken with coarsely 


^ - - statement that 1 

diastase is without action on apiylan, Horace | powdered zinc chloride (IJ parts), allowed to 
Research Laboratory, | remain for twenty -four hours, and then distillled. 
1906, 317, where there is a full account of amylan )[ The product consists of a complex mixture of 
finds that when barley gum is steeped in malt paraffins from to CmHja with olefines 

extract it swells up and undergoes gradual from O5U10 to (Wurtz, J. 1863, 

liquefaction and solution, and in a few days | 507). These can be isolated by fractional dis* 
its colloidal nature is lost. This is one of the I tillation (Wurtz), but accqp'ding to Eltokow (J, 
most significant changes which mark the con- ' Russ. Chem. 8oc. 14, 379), amylene is most 
verrion of barley into malt. readily obtained if the product is well cooled, 

■1 ‘ amylans ’ in quantity, Brown and shaken with dilute sulphuric acid (2 vols. of 

boils the finely divided grain with water, treats acid to 1 vol. of water), the acid layer separated, 
with malt extract at 60®-65® for an hour to diluted with water, and distilled ; the aistillate 
•liquefy the starch, boils again, and filters. The copsists of amylene (tnraethylethylene) and 
filtrateiaconcentratedinvacuumtosp.gr. 1*060, tertiary amyl alcohol, and the latter, on dis- 
volumes 80 p.c. alcohol (by volume) tillation with sulphuric acid (1 : 1), yields pure 
add^ gradually. The crude amylans arc trimethylethylene. Amylene may be satis* 
precipitated in large white flocks free from , factorily obtained from commercial amyl alcohol 
dextrin and have no cupric reducing power. Cor- under the following conditions ; Amyl alcohol 
rected for ash and nitrog^ they amount on a (1*5 litres) and concentrated sulphuric acid 
number of dry barleys to about 9*6 p.c., and (loo o.c.) are heated to vigorous boiung under* 
have [a]D4*62 to -f 73 . This amount practi* reflux condenser in which the water is main* 
cally accounts for the whole of the mi^ping tained at such a temperature (60°-90®) as to 
constituents of the soluble portion of barley j allow a considerable amount of vapour to distil 
after hydrolysis with malt extract. . ^ . 

On hydrolysis about 60 p.c. of glucose is 
formed, together with arabinose, xylose, and 
an unknown subsiince of low angle and reducing 
power. 

The above dextrorotatory amylan repre- 
sents eve^hing insoluble in 62 p.o. alcohol. By 
a .variation of the method ol preparation a 
oarjbohydrate [a]D-“l(X)*34®, corresponding to 
Wrol^wski’s araban. was obtained. 


out of the ap 


the top of tne condenser 
IS connected with a second, efficiently cooled 
condenser, attached so as to permit downward 
distillation. The heating requires a maximum 
time of about eight hours. At first, water and 
amyl alcohol pass ovei, whilst subsequently 
amylene dis^. The distillate is washed with 
sodium hydroxide to remove sulphur dioxide 
and the amylene isolated by fractionation. It 
appears to oon^ of i8*metnyl-Aa-butylene and 
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j3>methyl*A^>butylene containing only a n^U- 
gible amount of 7 - methyl- A “-butylene. The 
residue in the original flask contains amyl 
alcohol and woamyl ether, which are recovered 
by distillation with steam and subsequent 
fractionation. About 260 o.c. of amylene 400 
c.o. of i-soarayl ether, and 600 o.c. of amyl 
alcohol are obtained from 1600 c.c. of the latter 
(Adams, Kamm, and Marvel, J. Amer. Chem. 
Soo. 1918, 40, 1960 ; Chem. Soc. Abstr. 1919, i. 
01 ). Larger amounts of amylene are more 
conveniently obtained by the pyrogenic-catalytic 
method, using aluminium oxide as catalyst 
at 600°-640°, illsmg a suitably electrically 
heated furnace (cf. Ipatieff, Abst. 1903, i. 
693). The yield of amylene is 70-80 p c. of 
the theoretical, and the product is about 98-99 
).o. pentene. The catalyst retains its actuity 
or a long time. Pure trimethylethylene can 
be pr^ared by heating tertiary amyl iodide 
McjCIEt with alcoholic potash (J. Russ. Phys. 
Chem. Soc. 17, 294). It can also bo formed by 
dropping tertiary amyl alcohol on to oxalic acid 
(D. R. P. 66800). 

Other methods for obtaining ordinary amyl- 
ene have been described by Balard (Ann. 
Chim. Phys. [3] 12, 320) ; Bauer (J. 1801, 659), 
and Linnomann (Annalen, 1 43, 360) ; Kondakoff 
(he.) ; Ipatieff (J. Russ. Pliys. Chem. Soc. 30, 
292); Tornoe (Ber. 21, 1282); Blaise and 
Courlot (Bull. Soc. chim. 35, 682). 

Properliea . — Amylene is a colourless liquid, 
b.p. 36°-38® and sp.gr. 0’0783 at 0"^ (Lc Bel, 
Bull. Soc. chim. 25, 647) ; b.p. 36-8° at 752*7 mm. 
(Sohiff, Annalen, 223, 06). It combines directly 
with a large number of substances : witli mtric 
peroxide (Guthrie, C3iem. Soc. Trans. 13, 129 ; 
Wallach, Annalen,^241, 291 ; 248, 161 ; Miller, 
Chem. Soo. Proc. #3, 108 ; Demganoff, Chem. 
Zent^ 1899, i. 1064) ; sulphur chloride and 
chlorine (Guthrie, Chem. Soc. Trans. 12, 112; 
13, 45, 129 ; 14, 136 ; Kondakoff, J, Rusv. 
Phys. Chem. Soc. 20, 141; 24, 381; Bor. 
24, 929 ; Hell and Wildermann, ibid. 216); with 
bromine (Wurtz, Ann. Chim. Phys. [3] 66 , 468; 
Hell and Wildermann, Lc. ; Kondakoff, he.), and, 
when cautiously mixed with well-cooled sulphuric 
acid, Bp.gr. 1-67 (2 vols. H 2 SO 4 to 1 vol. water), 
in a freezing mixture, is converted into dimethyl- 
ethyl carbinol, b.p. 101'6°-1027762*2 mm., 
whmh has valuable hypnotic proj)ertics (J. Soc. 
Chem. Ind. 8 , 1002 ; 9, 660, 889), and can jae 
obtained, after neutralisation with sodium 
hydroxide ; on distillation (Flavitzky, 176, 167) 
with sulphuric acid, sp.gr. 1*645 (2 pts. by weight 
HjSO^ to 1 pt. water), methylisopropyl carbinol 
is obtained (Osipoff, Ber. 8 , 642, 1240). Amy- 
lene forms compounds with metallic salts 
(Denig 6 s, Compt. rend. 126, 1146; Kondakoff, 
J. Russ. Phys. Chem. Soc. 26, 36). When 
heated to high temperatures, benzene, naphtha- 
lene, acetylene, methane, carbon, and hyOTogen 
are produced, the products depending on the 
temperature (Haber and Oechelhauser (Chem. 
Zeuir. 1897, i. 226). The action of nitrosyl 
chloride on amylene has been studied by Tilden 
and Sudborough (Chem. Soc^ Trans. 1893, 482). 

In addition to ordinary amylene, the following 
iaoarerides have been obtained : — Normal amyl- 
ene, b.p. 39®-40® (Wurtz, Annalen, t23, 205 ; 127, 
65; 148, 131; Zeidler, Annalen, 197, 263; 
Kondakoff, J. Rush. Phya Cheffi. I^o. 24, 1 13 ; 


Flavitzky and Wysohnegradsky, /.c.) ; isopropylr 
ethijknef b.p. 2M°-21*3® (Flavitzl^ and Wys- 
chnegradsky, lc. ; Konda’koff, l.c. ; Ipatieff, l.c.); 
synimcirkal mdhyleihykihylene, b^). 36® at 
740*8 mill. (Wagner and Saytzew, Annalen, 176, 
373 ; 179, 302 ; Kondakoff, l.c. ; Lissier, Bull. 
Soc. chim. 9, (3) 100); and um symmetrical 
methykthjkthylenef b.p. 31*-32°, sp.gr. 0-67 at 
0® (Wysohnegradsky, l.c. ; Le Bel, Bull. Soc. 
chim. 26, 54<» ; Kondakoff, l.c. 25, 364) ; Methyl- 
tetramethykne, b.p. 39®-42® (Coleman and Perkin, 
Chem. Soc. Trans. 1888, 201) ; penlamelhykne, 
b.p. 35® (Gustavson and Demganoff, J. Russ. 
Phys. Chem. Soc. 21, 344; Markownikoff, Ber. 
30, 976; Young, Chem. Soc. Trans. 1898, 906; 
Wifilicenus and Jlansclicl, Annalen, 275, 327); 
and dimethylirimcthylme (Gustavson and Popper, 
J. pr. Chem. 166, 468). 

The action of hydrogen lodido on the amyl- 
enes has been investigated by Saytzew (Annalen, 
179, 126) ; whilst Zeidler (Annalen, 186, 246) has 
examined the products obtained when various 
amylcnes are oxidised with potassium perman- 
ganate in acid, neutral and alkaline solution, 
with chromic acid, and with potassium dichrom- 
ate and sulphuric acid. The halogen derivatives 
of the various amylenes have been investigated 
(Lipp, Ber. 22, 2672 ; HeU and Wildermann, 
23. 3210 ; Ipatieff, J. pr. Chem. 161,' 257 ; Chem. 
Zentr. RJOS, ii. 472 * Broebot, Ann. Chim. Phys. 
1897, 10, 381 ; Wassiloef, Chem. Zentr. 1899, i. 
776 ; Froebe and Hochstetter, Monatsh. 23, 
1076 ; Kukuritschkin, J. Russ. Phys. Chem. 
Soc. 35, 873 ; Schmidt and Leipprand, Ber. 37, 

I 632 ; Hamonet, Compt. rend. 138, 1609). Also 
the action of oxalic acid on various amylenes 
(Miklosheffsky, J. Russ. Phys. Chem. Soo. 22, 
496), the nitrolammes (Wallach and Wohl, 
Annalen, 262, 324), and the nitrosites and 
nitrosates (Ipatieff, Chem. Zenti. 1899, ii. 178; 
Schmidt. Bor. 36, 2323, 2336, 3737 ; Hantzscb, 
2978, 4120 ; Schmidt and Austm, Ber. 36, 
1768). 

The following polymoridos of amylene have 
also been obtained, and can be prepared by 
heating ordinary amyl alcohol or amylene with 
zinc chloride : — Diamylem CiqHjo, b.p. 167®- 
167*57759 mm. (Balard, Annalen, 52, 316; 
Schneider. Annalen, 157, 207 ; Bauer, Jahres- 
bcriclit. 1861, 660; Kondakoff, J. pr. Chem. 
162, 442 ; Gasselin, Ann. Chim. Phys. 1894, 3, 
6); triamylene CisHgo (Bauer, l.c.; Gasselin, 
l.c.) ; and telramylene Ca„H.o (Bauer, l.c.). Also 
derivatives of diamylene (Schindelmeister, Chem. 
Zentr. 1896, ii. 354). 

AMYLOCARBOL. Trade name for a dis- 
infectant, said to consist of carbolic acid 9 parts, 
amyl alcohol 160 parts, green soap 160 parts, 
water 690 parts. * 

AMYL()COGULASE v. Enzymes^ art. Feb- 

MENJATTON. 

AMYLOFORM. An antiseptic prepared by 
the action of formic aldehyde upon staron 
(Claassen, Pharm. Zeit. 41, 026) {v. Synthbtio 

DEUOS). 

AMYRIN V. Oleo-eesins. 

ANACAHUITA. A wood of unknown botani- 
cal origin imported from Mexico ; its prepara- 
tions are said to be useful in pulmonary disorders. 
The wood contains a volatile oil, an iron-greeniiig 
tannin, gallio acid, a yellowish resin, sugar^ a 
tasteless volatile body orystallising in warty 
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masses, and a bitter substance crystallising in 
white needles (J. 1861, 771 ). 

ANACARDIUM NUT (Cashew Nut, Kajoo) 
is the fruit of Anacardium occidentale (Linn.), a 
tree indigenous to Brazil, Central America, and 
the West Indies. It has been transplanted to, 
and become naturalised in, many parts of India. 
The fruit rests on a fleshy edible peduncle, from 
which a spirit is distilled in Mozambique and in 
Western India. The nut is edible after it has 
been roasted to ex})el the cardol winch it con- 
tains ; the cardol thus obtained is used at Goa 
for tarring boats, and as a preservative of wood- 
work (iJymock, Pharm. J. |3] 7, 730). In 
addition to cardol, the nuts contain anacardic 
acid, and an oily matter winch, by exposure to 
the’^air on linen, gives a brown stain, which is 
very permanent, but does not become black. 
It has been recommended as a marking ink, 
and is used for giving a black colour to candles 
(lldttger, Dingl. poly. J. 205, 490). From the 
stem of the plant a gum exudes which is said 
to be used by book- binders m South America. 

The kernels contam 47 '2 ji.e. of a fatty oil, 
having the following characteristics : — Saponifi- 
cation value, 187 ; iodine value, 77-83 '0 ; 
refraction in Zeiss’ butyro-refractometer at 25°, 
68T-58'8 (Theopold, Pharm. Zeit, 1909, 1057). 

J. L. 

ANACARDIUM ORIENTALE (the ‘^narking 
nut tree ’) grows in the liotter parts of India, 
the West Indies, and in Northern Australia. 
It is now termed Srmvcarpus anacardium. 
As met :vith in commerce the nut is a 
black oval substance, from which, when cut, a 
black viscid juice exudes. This produces a 
light brown stain on linen, but gradually darkens 
on exposure to the air, and then resists the action 
of acids, alkalis, and chlorine. The native 
method of preparing marking ink, is to express 
the juice from the unripe frmt and to mix it 
with quicklime. The dried juice is also used 
in the preparation of a black varnish. 

Kindt (Dingl. poly. J. 1859, 165, 158) pre- 
|jared a marking ink from the nut by extracting 
it with a mixture of alcohol and ether, and 
evaporating the extract. This ink produced 
characters which, when moistened with a lime 
water or alkali solution, became black, and 
were then not completely removed when boiled 
with hydrochloric acid and potassium chlorate. 

C. A. M. 

ANiESTHETICS. There are two principal 
types of anesthesia, or loss of sensation sufficient 
to allow of surgical operations without pain. 
In general anscsthc'^ia, total or partial insensibility 
and loss of muscular power are produced by the 
action of drugs on the bijjiin, carried there in 
the circulation ; extensive operations on any 
part of the body can then be done. In regional 
ansesthesia, inaensibiHty to pain, with or without 
muscular paralysis, is produced by the action 
of anasthetic drugs on the part where operation 
is contemplated. Regional anesthesia can be 
produced (a) bv the infiltration of the actual 
tissues to be iacurated with some substance 
which paralyses the endings of the nerves that 
convey painful sensations; (t) by a similar 
infiltration of the large or small nerve trunks 
supplying the field of operation; (c) by the 
injection into the spinal theca in the vertebral 
canal of a substance which paralyses the nerves, 


both sensory and motor, at their entrances into 
or exits from the spinal cord ; (a) and (6) ore 
usually classified together as locoZ ancssthesia, 
while (c) is spoken of as spinal ansesthesia, 
which resembles general anaesthesia inasmuch 
as it causes loss of sensation and muscular 
power together over a wide region, and local 
anjcsthesia in that consciousness is not lost and 
the ansesthetic is not diflusod in the circulation. 

Local anaesthetics. Very little is known of 
the action of these on the tissues with which 
they come in contact. They are all protoplasmic 
poisons which have a special preferential action 
upon nervous structures. Thosh in common use 
aro : cocaine (methyl - benzoyl - eegonine : 

G17H21NO4) ; stovaine (hydrochloride of ethyl- 
diractJiyl - amino - firopinol benzoate) ; novocain 
(p-amido-bcnzoyl-diethyl-^mino-ethonol - hydro- 
chloride) ; troj)acocaiiio (bcnzoyl-psoudo-trope- 
ino-bydrochlondo) ; fl-eucaine ( benzoyl -vinyl* 
diacetone-alkammo) ; /B-eucaine lactate ; alypm 
(hydrochloride of benzoyl-totramethyl-diamino- 
ethyl-dimethyl-carbmol) ; quinine and urea 
hydrochloride ; nirvanine (hydrochloride of 
diethyl - glycoU - p - araido - orthohydrobenzoio - 
methyl-ester) ; holocame (hydrochloride of p- 
diethoxyethonyl-di phenyl- amidine) ; acoine (di- 
p-anisyi-mono-phenethyl-g uanidine hydrochlo- 
ride) ; orthoform (methyl-p-amino-meta-oxy- 
bonzoate) ; ansesthoneor an aisthesin (ethyl ester 
of p-aminobcnzoic acid) ; apothesine (cinnamic 
ester 01 'y-diothyl-amino-alcohoi hydrochloride).^ 

Braun has formulated postulates for approifl- 
ing local anaesthetics. Omitting one which has 
not secured general assmit, they are : 

(1) Low toxicity m proportion to local 
anff'sthetising power. 

(2) Solubility in water to 2 p.c. at least ; and 
stabdity of the solution, which should keep 
without deteriorating and be capable of sterilisa- 
tion by boiling. 

(3) Non-irritability to the tissues, and 
freedom from after-effects when absorbed into 
the circulation. 

(4) Compatibility with suprarenal extract. 

Acoine, holocame hydrochloride, aniestho- 

sine, and orthoform are more or less insoluble. 
Cocaine and eucaine are not soluble in water ; 
but their salts, and tlie other drugs in the above 
list, are freely soluble and will keep without 
deterioratmg. Cocaine solutions cannot be 
boiled, but stovaine, novocain, /3-eucaine lactate, 
tropacocaine, alypin, and nirvanine can be thus 
sterilised, at 115° if necessary. 

The most powerful anfcsthetic action is that 
of stovaine. Next are cocaine, novocain, 
tropacocaine, alypin, and /3-eucaine lactate, 
which are all about equal. The others have 
inferior actions in this respect. Experiments 
on mice and rabbits have resulted in the following 
table of relative toxicity, cocaine being taken as 
the unit » : — 

Alypin, 1*25 Stovaine, 0*626 

Cocaine, 1*00 Novocain, 0*490 

Nirvanine, 0 *7 14 )8-eucaine lactate, 0*414 

The irritant action of stovaine, tropacocaine, 
and ^-eucaine lactate i^ greater than that of 
cocaine ; that of novocain L less. All these five 
are compatilUe with suprarenal extract if the 

> Bir V. W. Hewitt and Dr. Henry Robinson's 
AnsBstbetios and their Administration, 6th adit. 

» Le Brooq. Pharm. J. 1909, 674. 
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ftolntions are fresh mixed for each case. They 
are extensively employed ; but novoQain is 
evidently the best yet discovered for routine 
use, 

Local anaesthetics are used dissolved in 
water or in normal saline solution. It i8%ot 
essential that ^oy should bo injected subcutane- 
ously ; where the surface tis.suc8 are delicate, as 
on the eye, larynx, tongue, tonsils, simph; 
contact with a local an {esthetic in solution or in 
fine powder wiU destroy sensation sufficiently 
for many surgical piocedures. But elsev/here 
the solution is injected with a hypodermic 
syringe into the tissues which are to be rendered 
aniBsthetic. If suprarenal extract bo mixed 
with the anajsthetic solution, contraction of all 
the. minute blood-vessels in the locality tales 
place. Thus the diug^is retained longer in the 
tissues about the site of injection, instead of 
being rapidly dissipated in the lymph -stream. 
Consequently a more intense and lasting, because 
more strictly local, action occurs. The presence 
of 0'4 p.c. of potassium sulphate also intensifies 
the action of some local anasthetics, especially 
of novocain. 

Local anasthesia can also be ohiaitied by 
freezing the superhcial tissues. A fine jet of 
ether or ethyl chloride is directed on to the 
desired portion of the skin, and when the latter 
is frozen a cut can be made, as for a whitlow, 
boil, or other small abscess, without causing 
pain. 

Spinal anaesthetics. Some of the same drugs 
which cause local ainestheaia are available for 
injection into the eerebro-spinal fluid with which 
the spinal cord is surrounded m the vertebral 
canal. Stovaine is most used in Britain, but 
novocain and tronacocaine also are popular in 
Europe. The meyiod was introduced oy Bier 
in Gi^rmany in 18U9, and since 1907 has been 
very extensively tried all over the world. The 
balance of opinion is that for ordinary cases 
spinal ana'sthesia is too dangerous to replace 
general anesthesia ; but that for certain cases 
where the latter entails es])ecial risks, it is of 
undoubted utility. Barker ^ and McGavin, * 
who are the most prommeiit advocates of spinal 
anjtesthesia in England, use a solution of stovaine 
in 6 ^.c. glucose. Of late years solutions which 
are as light as the eerebro-spinal fluid (sp.gr. 1*006 
to1‘007) have been extensively used, m place of 
the heavy glucose solutions. Many ana'sthetists 
use morphine with or without scopolamine 
(hyoscine) as a preliminary, injected hypodermi- 
cally. 

General ansesthetics. There are many sub- 
stances which diminish or abolish the perception 
of pain ; but only a few of these are freely used 
as general ana-sthetics. The conditions which 
most be fulfilled to obtain admission to the list 

(1) To produce absolute insensibility to pain 
without causing any great discomfort during 
induction. 

(2) To produce loss of all voluntary and many 
reflw movements. 

(3) To be capable of being readUy introduced 

*** British Siedlcal Journal, 1908, il 463 (and other 
piOMrs). ^ 

* OUnloal Joornal, Maich, 1014. 

* E. W. Collum, The Practlc** of ^nwsthetlcs, 1909. 


into the system, and rapidly eliminated, altez 
the completion of the o^ration, without injury 
to the patient. 

(4) To act in a regular and oonstant way, so 
that the effects can be controlled by the adminis- 
trator. 

The general anaesthetics in use in Great 
Britain are four in number ; nitrous oxide, ethyl 
chloride, ether, chloroform. Ethyl bromide, 
ethideno dichlorido (dichlorethane), bichloride 
of methylene, and amylono (penial) are obsolete. 
Hcdonal (methyl-propyl-carbinol-uretliane) and 
urethane itself have also been used as general 
ana stlictics, by direct injection ir solution in 
normal sahiio into the blood stream.^ In 
America and on the Continent anacsthol, somno- 
form, and uarcotile are also employed. Anassthol 
is a mixture of chloroform, ether, and ethyl 
chloride, in molecular proportions ; somnoform 
IS ethyl chloride 60 parts, methyl chloride 
35 parts, ethyl bromide 5 parts ; narcotile has 
been stated to bo a compound, but analysis has 
shown it to be a mixture of methyl cldoride, 
ethyl cldoride, and ether. Mixtures of ether 
and chloroform in various proportions are in 
common use everywhere. Morphine, chloral, 
cannabis indica, and many other drugs have 
analgesic and anaesthetic properties ; some of 
them, morphine especially, are used to assist 
the acting! of the vor.atdc ansesthetics. 

The cffeclB of a general anaesthetic are pro- 
duced by the circuhition in the blood of the 
drug employed. When it reaches the brain the 
phenomena of anEcsthesia are exhibited : at first 
slightly, then with increasing doses ropre and 
more intensely, until with a sufficient quantity 
death results. The phenomena of general 
anaesthesia arc the same whether absorption 
takes place through the lungs, rectum, skin, 
blood stream, or gastro-intestinal tract. Thus 
alcohol has a marked anaesthetic effect, familiar 
in the mdiflerence of a drunken man to injury. 

The easiest way of introducing into the blood 
any substance which is a gas or a volatile liquid 
is by means of the lungs. The blood thus 
charged with an ansesthetic is rapidly delivered 
to the nervous centres, in which the essential 
changes of general ansosthesia take place. The 
absorption of vapours in the lungs varies with 
numerous factors : barometric pressure, tem- 
perature of the vapour and of the blood, rate of 
respiration, and rate of blood- flow through the 
pulmonary system. But the process is also 
something more than simple solution by diffusion 
of gases through a thin membrane ; there is at 
least an element which depends on the fact that 
the tissues concerned are living. 

Tho lungs are a)^ the chief, but not the 
only, medium for tne elimination of inhaled 
anesthetics. These are but little decomposed 
during their tour of the circulation, ana the 
greater part is discharged unchanged after the 
administration is suspended. What change 
they undergo in the blood is very uncertain. 
Chloroform, which has hitherto received more 
'attention in this respebt than the others, is 
recoverable from the blood in fatal oases of 
chloroform amosthesia, but it is believed that 
most of it circulates in the red corpuscles of the 
blood in combination with the lecithin and 

1 Lancet March 28, 1012; and Brit. Mad« Jotn* 
June 16. 1012. 
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oliolesterin wUob they contain.' Glyooronio i^cement of oxygen by N|0. Tf air be 
Mid tK)t uncommonly i^pe^ in the ortne after admitted for brief periods between sucoessive 
chloroform eneestheda. Nitrogen and sulphur doses of gas, anwsthesia can be maintain^ 
are also excreted in the urine in greater quantity, without great difficulty for several minutes. By 
indicating a greater destruction of proteid ; and delivering nitrous oxide mixed with pure oxygen 
the increase of chlorides is held to show that for^halation, anposthesia can be prolonged for 
some chloroform is decomposed in the body, any desired period. The proportions of the two 
The affinity of oholeBtorin and lecithin for chloro- gases are varied to meet the requirements of 
form, chloral, ether, sulphonal, tetronal, trional, individual cases, but roughly the mixture must 
and chloralamide has been suggested as the contain about 80 p.c. by volume of N,0. This 
explanation for the selective action of these method is well suited for operations on the 
narcotics on the central nervous system, which limbs, but for abdominal operations it is difficult 
contains a larger proportion of cholcsterin and to got the complete muscular relaxation neces* 
lecithin than do the other organs. With regard sary. Nitrous oxide gas is the safest known 
to ether, Turnbull states that etherisation general anaesthetic, and recovery takes place 
produces a marked diminution of the haemoglobin very rapidly (two or three minutes) without 
of the blood ‘ ; and Reicher finds three times unpleasant after-effects. Nitrous oxide for 
the normal quantity of fat present in the blood, anaesthetic purposes sliould be entirely free 
together with an increased amount of acetone, fromotheroxidesofnitrd^en. and from chlorine; 
due to the disintegration of fat and albuminoid small quantities of HoO, 0, and N are usually 
bodies.^ The chemical composition of the blood pr&sont as impurities, and are of no moment, 
is often much modified during anaesthesia, be- Ethyl cMoride. — The vapour of 8 to 6 c.o. of 

cause the air supply to the lungs is frequently this substance allowed to volatilise in a closed 
curtailed to a neater or less extent, and the chamber, such as a rubber bag, into which an 
elimination ’of COa hindered. The proportions adult patient exspires and from which he inspires, 
of 0 and COa m the circulating blood may thus produces ansesthcAia very rapidly. If adminis- 
be altered at the expense of tlie former, and an tration is then suspended, insensibility lasts 
asphyxial element added to the narcotic effect from one to two" minutes. By administering a 
of the anaesthetic. Some authorities believe further dose before recovery takes place from 
that deprivation of oxyge% is the m^hod by the first one, anaesthesia can be prolonged ; it 
which all anaesthetics produce their action on is preferable, hovrever, to give ether or chloro- 
the nervous tissues. form or nitrous oxide and oxygon if a longer 

The chemical changes which may be assumed anaesthesia is required. The aft/er-effects of ethyl 
to take place in the brain during anaesthesia are chloride are intermediate between those of 
unknown, as indeed are those of natural sleep nitrous oxide and those of ether and chloroform. 
It has been suggested that unstable compounds Ethyl chloride given by an expert is safer than 
are formed between the anaesthetic and the either of the latter, but not so safe as nitrous 
protoplasm of the nerve colls, and some ob- oxide. No impurities can be tolerated in ethyl 
servers describe changes recognisable micro- chloride for use as a general •an aesthetic ; there 
scopically in those cells as a result of anaesthesia, is no difficulty in securing complete purity. 
Professor Hans Moyer holds that there is a loose Ether. — About 30 p.c. of air and 70 jfo. of 

physico-chemical combination with the lipoids of ethereal vapour will produce and maintain 
the cell. This causes inhibition of the normal general anjesthosia. The vapour is so intensely 
metabolism until the loose reversible corabina- irritating to the mucous membrane which lines 
tion breaks up. A rare sequel of chloroform the mouth, nose, and air-passages, that it must 
anawthesia is known as delayed chloroform first be offered very dupte, and then in a 
poisoning. The symptoms of this condition, gradually increasing percentage. Limitation of 
which is sometimes fatal, arise about eighteen air supply renders it possible to procure ana»- 
to seventy-two hours after the anaesthesia. They thesia with a much smaller quantity of ether 
are attributed to * acidosis,’ that is to diminished than when fresh air is freely admitted, for a 
alkalinity of the blood due to the presence of slight concurrent asphyxia helps the action of 
acetone and aoeto-acetic acid, which can be the ether. Such asphyxiation has disadvantages 
detected in the urine and the breath. For the of its own if allowed to exceed a very moderate 
developed condition sodium bicarbonate in large degree ; it is usually present during aneesthesia 
doses is employed ; os a preventive measure under ether by the ‘ closed ’ method. There U 
feeding on glucose for a day or two before slightly more difficulty in producing anaesthesia 
operation is found to answer best. Very rarely by the ‘ open ’ method, in which air enters 
indc^ this acidosis has Allowed the adminis- freely ; the preliminary injection of small doses 
tration of ether. of morphine (i to ^ grain) with atropine 

NUrous oxide (Laughing gas). — ^The inhala- to grain) is often practised. Ether is much 
tion of from three or four to twenty or thirty less aangerous to life than chloroform in the 
gallons of this gas without any air produces operating room ; but part of this advantage is 
aneesthesia. If me administration is then bus- counterbalanced by the occasional deveiopmenl 
p^uied, insensibility lasts on an average about of bronchitis and broncho-pneumonia afterwards, 
thirty to forty-five seconds, during which time Ether for anasthetic purposes should have a 
minor operations such as the extraction of teeth sp.gr. between 0*720 and 0*722. Provided 
can be undertaken. A marked asphyxial ole- impurities have been removed, it is of no signi- 
ment is nearly always present, owing to the ficance whether rectified spirit or methylated 

spirit is use^ in the manufacture. 

» Hale White, Materia Medlca, 11th ed. 1909. 280. CAioro/om.— Much research has been carried 

• Lauronce Tambull, Artificial Ainesthesla, 228. out to determine the percentage of chloroform 

* Eeicher, Lancet, Jan. 26. 1908. 268. necessary to produce anaflthesia by inhalation. 
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V«m(m Hftrcourt introduced early this oentuiy 
a chloroform inhaler camble of regulating this 
proportion up to 2 p.c. Experience showed that 
m occasional cases it is ver^ difficult or impos- 
sible to induce ansosthesia with this amount^nd 
a modification of the instrument allows air to be 
inspired containing 3 p.c. In practically every 
case anaesthesia, when fully established, can bo 
maintained with a 2 p.c. vapour. Alcock, who 
has investigated the dosage of chloroform very 
carefully, finds ‘ that for an ordinary adult it 
suffices "to offer a’ percentage rising gradually 
to 2^ in three minutes ; this ns a rule produces 
complete surgical ana'sthesia in eight or ten 
minutes. If a higher proportion is necessary, 
3 p.c. may be allowed at the end of live minutes. 
He finds that within a few minutes after in- 
duction is complete 1/) p.c., and after half an 
hour 1 p.c., will usually be enough. Several 
physiologists have estimated the amount of 
chloroform in the circulating blood during 
ansesthesia : their results vary from 0*035 to 
0*07 p.c. Chloroform is the least safe of these 
four anasthetics, especially in the hands of 
those whose experience as anesthetists is 
small. Chloroform for an:esthetic purposes is 
found to keep better if it contains 0*2 to 0*5 p.c. 
of alcohol or of ethyl chloride. No otner 
impurities are tolerable. J t is also less liable to 
decomposition if kept in the dark. There are 
three commercial processes of manufacture, based 
respectively upon rectified spirit, methylated 
spirit, and acetone ; there is no difference ho 
tween the actions oiF the resulting chloroforms, 
provided they are duly purified. H. R. 

AN^THESINE. Tmle napie for ethyl 

p-amino-benzoate NH 2 <^ ^COOCjHj. 

ANAGYRINE w Cvti^. 

ARALUTOS orKALMOPYRIN. Tradenames 
for oaloium acetyl salicylate. 

ANALGESINE. Identical with antipyrine 
iq.v.). 

Analysis, chemical analysis is the separa- 
tion of a complex material into simpler con- 
stituents. It is ultimate when these component 
parts are elementary forms of fhatter, and 
proximaie when the subdivision consists only 
in the separation of the original substance 
intaless complicated compounds. The aim of 
chemical analysis is twofold : the first object 
is to ascertain the nature of the compo- 
pents of a mixture or complex substance; 
the second is to determine the proportions in 
which these constituents are present. All 
analytical qperations may therefore be classified 
under the two main categories of gualitative and 
quantitative analysis, according as to whether 
these processes lead to the identification of the 
proximate or ultimate constituents of a complex 
substance, or to the determination of the relative 
proportions in which these constituents are 
present. 

This article is written primarily from the 
techpioal point of view, and accordingly the 
descriptions given in the qualitative section are 
restricted mainly to th^jse elements which find 
applijl^tion in the arts and industries. Simi- 
lariy, the estimations and separations outlined 

‘ N H. Aloock, British Medlonl Journal, Feb. 6, 
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in the quantitative section are chiefly those 
required m the analysis qf technically important 
materials. 

The systematic investigation of the individual 
elements and their typical compounds has 
revealed the existence of many characteristic 
reaction.^ which are exhibited by certain elements 
and compounds under widely varying conditions 
of combination or association. This circum- 
stance leads to a simplification which is utilised 
extensively in both qualitative and quantitative 
analysis. In qualitative work, such charac- 
teristic reaction .s as are not generally interfered 
with by other substances enable tho analyst to 
detect the presence of certain elementary or 
compound substances without undertaking the 
mores laborious processes involved in isolating 
these constituents from the other ingredients of 
a mixture. 

In quantitative analysis two essentially 
different methods of procedure are em- 
ployed, the more fundamental one being gravi- 
metric analysis, in which the elementary 'or 
complex constituent of a mixture is isohitod 
and weighed in the form of a definite compound. 
By utilising quantitatively the above-mentioned 
distinctive reactions it is frequently possible to 
adopt the second procedure known as volumetric 
analysis, in which the relative amount of a certain 
constitu^it is estimfltcd in the presence of other 
elements and compounds associated with this 
constituent in the mixture under examination. 

For the purposes of scientific investigation 
the most accurate methods are essential, and 
these are, in the main, gravimetric in cha- 
I raoter ; but for technical requirements extreme 
! accuracy is rarely required, and rapid methods 
living approximately correct results are pre- 
ferred to more exact processes involving a 
longer time for their execution. It is in this 
direction that volumetric analysis has been most 
extensively developed, the general tendency in 
industrial laboratories being to replace gravi- 
metric methods by quicker volumetrio processes 
with very little loss in accuracy, provided 
that certain essential conditions be fulfilled. 

General Operations. 

Sampling . — It is of the highest importance 
that the sample under examination should be 
truly representative of the bulk of the substance. 
Discrepancies between the results of different 
analysts are usually attributed to faulty 
methods or inaccurate work, but in many cases 
they are ready duo to imperfect sampling. If 
the substance is a liquid, the contents of the 
vessel should be thoroughly mixed before the 
sample is withdrawn.* If the substance is con- 
tained in several vessels, a proportional quantity 
should be taken from each, the different portions 
mixefl together, and the final sample taken from 
the mixture. 

In the case of solid products care must be 
taken to secure a proper proportion of large and 
small, hard and soft fragments. If a ship’s 
joargo is to be sampled, portions should be 
i taken from different parts of the bulk ; if the 
[ substance is contained in railway trucks, por- 
tions should be taken from the ends and middle 
of each truck. When the substance is in bags 
or barrels, a long hollow auger is thrust to the 
bottom of each and then withdrawn, bringing 
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wiUi it » lonfr core of tbo gobstaace. If the 
material logea or gama moisture, or ^undergoeb 
any other change on exposure to air, as in the 
case of soap or caustic soda, a proper proportion 
of the interiial and external jiortions must bo 
taken. In all oases the first samples are broken 
into small pieces, thorouglily mixed, and one- 
fourth taken for further treatment. This is 
ground to powder, a-^ain thoroughly mixed, and 
one-fourth taken. The subdivision is repeated, 
if necessary, and the final sample kept in well- 
closed bottles. This process of ‘ quartering ’ 
may also be effected by spreading out the finely 
powdered material in the form of a flattened 
cylinder dividing this radially into four parts, 
taking out the opposite sectors, mixing these 
thoroughly, and repeating the sulidivision. 

If the mixture is soft and friable, pulverisa- 
tion is readily effected in a porcelain or earthen- 
ware mortar, but harder substances should be 
powdered in a cast-iron or steel 
mortar. When the substance is 
hard, and a very fine powder is 
required, an agate mortar should 
be used for the final operation, so 
that the powder may be completely 
sifted through fine muslin. Very 
hard subBtances, such as minerals, 
are first broken into small picee.s 
by wrapping them in papip and 
striking with a hammer, and are 

then further cru.shed in a steel . 

mortar (Fig. 1) consisting of a strong ' 

basowitha circular recess into which L J j 
fits a movable steel ring or guard, mif — 
and inside this is a solid steel 
piston which acts as a pestle. A 
small quantity of the mineral is placed on the 
base of the mortar inside the guard -ring, the 
latter is held firmly down, and the piston is 
placed inside and struck smartly uith a hammer, 
which drives it down upon the mineral. 'I’he 
final crushing is done in an agate mortar. 

The mechanical ore-grinder described in 
Hillebrand’s Analysis of Silicate and Carbonate 
Rocks, may likewise be employed in reducing 
hard minerals to a fine powder. 

Drying . — Many substances absorb more or 
less moisture when exposed to the air, and in 
order to bring them into a definite condition for 
analysis, it is desirable that they should be dried, 
this operation being conducted at the ordinary 
or at a higher temperature^ according to circum- 
stanoes. Substances which contain water in 
combination are u.sually dried by exposure to air 
or by pressure between folds of filter paper. In 
other oases where a higher temperature would 
be injurious the substance^pay be placed under 
a bell- jar which also incloses a dish containing 
sulphuric acid. The operation proceeds more 
quickly if the bell- jar is connected with ai^air- 
pui^ and thus rendered vacuous, 

Siibstanoes which do not decompose at 100® 
are best dried in a copper oven provided with a 
jacket containing water which is heated to 
boiling, the water level being kept constant by 
means of an overflow a and feeding arrangement 
at the side. The inside of the oven is fltted 
with a perforated shelf which supports dishes, 
funnels, &c. (Fig. 2). 

When the substance is sufficiently stable it 
is advisable to dry at 1 16®-120®, since an increase 



I of 10® or 20® often greatly reduces the time re> 
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without a jacket, heated by a lamp underneath ; 
or toluene, boiling at 110®, may be used instead 
of water in the oven viih a jacket; crude 
xylene will give a higher temperature (129“). 
Inside the oven at a little distance from the, 
bottom is a shelf which supports the vessel 
containing the substance. At the top of the 
oven are twoT apertures, one of which serves i 
to promote a current of air through the oven, 
whilst the other carries a thejmometer the bulb 
of which is close beside the vessel which is being 
heated (r/. Huntly and Coste, J, Soo. Obem. 
Ind. 1913, 32, ()2). 

It it is desired to keep the temperature con- 
stant for a long time, the oven must be provided 
with a thermoregulator (u. Thermoeegut*a.tobs). 

Weighing. — Th^balancij^ and the precautions 
to be observed in weighing torra the subject of a 
special article (v. Balance). As a rule, sub- 
stances taken for analysis should be weighed 
from tubes provided with well-fitting stoppers or 
corks, or from weighing bottles fitted with glass 
capsule stoppers, the difference between the 
weight of the tube or bottle before and after 
the removal of the substance giving the weight 
taken for analysis. The quantity required for 
an analysis will depend upon circumstances. 
When constituents present in minute quantity 
have to be estimated, a relatively large amount 
of the substance is required, but for me estima- 
tion of one or two constituents from 1 to 2 grains 
of the substance is usually sulB&cient. The 
smaller the quantity of matter operat^ upon, 
the shorter the time required for lUtration, 
washing, &o.^, but also the neater the demands 
on the skill and accuracy of the operator. 

Hygroscopic substances and precipitates must 
be kept under a desiccator {q,v.)y i.e. a glass dish 
containing sulphuric acM or calcium chloride, 
fitted with a tray to support a oruoible, &c., and 
provided with an air-tight glass cover, preferably 
bell-shaped. Crucibles containing non-hygro- 
soopic precipitates may be allowed to cool with 
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exposure to air, proTided that the empty crucibles 
urere allowed to cool under the same conditions 
before weighing. 

Sdviion.—ThB solution of a substance is 
most conveniently effected in flasks or in some- 
what deep beakers which are inclined at an 
angle in order^to prevent ])os6iblo loss by spuit- 
ing. The operation may be accelerated by heat, 
and the reagent should be used in the most 
concentrated form possible and in the least pos- 
sible excess, in order to avoid loss of time in 
evaporation, &c. Evaporation to expel excess 
of solvent should, where possible, be conducted 
in the same vessel. 

Evaporation . — The evaporation of a liquid 
may be effected over an ordinary bunsen flame, 
or over a rose burner, care being taken that the 
liquid does not boil. If the operation is con- 
ducted in a flask or crucible, the latter should be 
inclined in order to prevent loss by ebullition. 
and the operation is accelerated in the first case 
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by drawing a current of air through the flask, in 
the second by inclining the lid of the crucible 
(Pig. 3) across the mouth of the vessel and thus 
prancing a circulation. 1’he rate of evapora- 
tion, eaferw paribus, depends on the area of 
surface exposed, and hence the operation is 
effected most quickly in shallow dishes, especially 
if a current of air removes the vapour as fast 
as it is given off. During the process the 
contents of the dish should be protected from 
dust, &o., and this is really done by supporting 
at* a distonce of about six inches above the 
surface of the dish a triangle of glass rod or 
tubing on which is stretched a sheet of filter 
paper freed from soluble compounds by treat- 
ment with acid. When evaporation over a 
direct flame is impraetioable, the dishes, &c., 
ihould be placed on a riaier-haiJi, that is, a 
Containing boiling water, in such a way 
mat they arc heated by the steam.* The top of 
I water drying-oven already described (Fij?. 2) 
y be provided with a series oftings of various 


ifxes and thu* serves two pOrpo^. Ordinary 
tin cans or copper vessels of similar shape win 
answer, but in all oase^it is desirable to have 
an arrangement for keeping the water at a coft‘ 
Plant level. 

Precipitation is conducted in beakers, dishes, 
or conical flasks, but not in ordinary round 
Basics because of the difficulty of removing the 
precipitate. Glass vessels, esTwoialiy when new, 
are appreciably attacked and dissolved by water, 
and still more strongly by alkaline solutions, 
the action increasing with the concentration of 
the solution and the duration of contact. For 
quantitative work Jena glass veB.se^s should' be 
used, as these arc least affected by alkalis. 
Acid liquids, with the exception of dilute sul- 
phuric acid, have less solvent action. Porcelain 
ve.ssels, especially after they have been used for 
a short time, are not appreciably attacked 
(Freaenius’s Quant. Anal.). All precipitations 
involving long heating with alkaline liquids 
should bo conducted in porcelain vessels or in 
platinum, silver, or -nickel dishes. Silica-ware 
vessels can be used with all acid liquids except- 
ing those evolving hydrogen fluoride (Zeitsch. 
anorg. Chem. 1905, 44, 221). 

Unless circumstances forbid, the liquid and 
the reagent should be heated to boiling and 
mixed CTadually with continual agitation, since 
under t^sse conditi'ms precipitation as a rule is 
more rapid and coinplete, and the precipitate 
is obtained in a demse and granular form and 
is readily separated and washed. Usually filtra- 
tion may be commenced as soon as the supers 
natant liquid is clear, or at any rate after two 
or three hours. An unnecessary excess- of reagent 
should always be avoided, but in all cases com- 
plete precipitation should be proved by adding 
a small quantity of the reagent to the clear 
liquid. 

Filtration . — The 8e])aration of a precipitate 
from a liquid Is usually effected by moans of a 
jspi'oially prepared variety oi blotting paper, 
j known as filter paper. The Swedish paper 
I made by .J. Munktell lias the oldest reputation, 

I but that known as Whatman paper, made by 
W. & R, Ralston/ Ltd., is of excellent quality, 
and for many purposes answers better. The 
j latter lirm .supply paper which has been treated 
with hydrocMoric and hydrofluoric acids, and thus 
freed from almost all inorganic matter. It is de- 
siralxle that all paper used in quantitative work 
should be free from soluble compounds, and this 
end is secured by soaking the ordinary filter 
paper for three or four hours in pure hydro- 
! chloric acid diluted with 16-20 time.s its volume 
1 of water, and then washing thoroughly to remove 
I all traces of acid an^ soluble salts. 'I'he paper 
18 conveniently kept m circular pieces of known 
radii (2, 4, 5, G, 8 cm.), and the ash loft by each 
sizo^should be determined once for all by in- 
cinerating six filters of one of the medium stzei 
in the manner described under the treatment of 
precipitates, and weighing the ash which is left. 
This quantity divided by six gives the avei»{^ 
amount of ash left by one* filter of that size, and 
the amount left by the other sizes is readily 
calculated, the quantity of ash being proper- 
, tional to the area of the paper. 

Usually the filter paper is supported in a 
glass funnel which should have smooth nven 
sides and an angle of GO®. The stem should be. 
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somewhat and not too wid^with the lower 
end cut obliquely. A oiroulai filter is folded in 
half, thrni in a quadrant, and when the quadrant 
is opened at one side it forms a hollow cone 
which should fit accurately into the funnel. 
The edge of the filter paper should be about 
10 mm. below the edge of the funnel, and the 
size of the filter should be such that it is not 
more than three quarters filled by the preci- 
pitate. After placing the filter in position it is 
moistened with water, and fitted accurately to 
the glass, care being taken to remove all air 
bubmes from between the glass and the paper. 
Attention to those points greatly facilitates the 
subsequent filtration. 'I'hc edge of the vessel 
containing the liquid to be filtered is slightly 
greased outside, and the liquid is directed into 
the filter by means of a glass rod, care being 
taken not to disturb the j)recipitate until most 
of the clear liquid has passed through, ft is 
advisable to keep the filter well filled with the 
liquid, but the latter must not rise higher than 
10 mm. below the top of the paper. 

In order to accelerate filtration a glass tube 
about 3-4 mm. in diameter and not less than 
20 cm. long, bent into a loop near its upper end, 
may bo attached to the stem of the funnel by 
means of indiarubber tube. 

Greater raj>idity of filtration is olitained by 
using one of the nuraeroqi water pj^inps (v. 
Filter pump). In tliis case the liquid is filtered 
into a flask with stout walls, preferably of the 
conical form. The stem of the funnel passes 
through a cork which fits in the neck of the 
flask and also carries a tube connected with the 
pump, or the flask may bo provided with a side 
tube for this latter purpose. When it is required 
to filter into a dish or beaker, the latter is placed 
under a tubulated belhjar standing on a glass 
jilate, the cork carrying the funnel, &c., being 
fitted into the tubulua of the bell- jar. If the 
reduction of pressure is considerable, it becomes 
necessary to support the apex of the filter. In 
the case of filters of medium size the necessary 
toughness is olitamed by dropping into the apex 
of the dry filter, after it has been fitted into the 
funnel, two or three drops of the strongest 
nitj^o acid. After a minute or two the paper is 
washed and is ready for use. Bunsen’s original 
method is to support the apex of the filter by 
moans of a cone of platinum 
foil, which is made in the 
following way. A circular 

(piece of thin platinum foil 
3-4 cm. in diameter is cut 
in the manner shown in the 
diagram (Fig. 4), softerved 
“rt by heating in a flame, and 
PlO. 4. j^aoed against a small 

metal cone of 00®, so that 
the point o coincides with the npex of the ^ne. 
The foil is then folded round the metal so that it 
also foin^ a small cone, which is finished by being 
pressed in a hollow conical mould into which 
toe metal cone fits. It is then dropped into 
toe funnel and the paper fitted in. The metal 
cones and moulds required can be purchased; 
Bunsen’s method of making a cone and mould 
of plaster is described in Thorpe’s Quantitative 
Analysis. 

Camiohael has described a method of reverse 
filtration (Zeitsch. anal. Chem. 10, 83). 

VoL. L— jr. 



The Gooch crumble (Ol%m. News, 37, 181), 
which has a perforated bottom lined with a 
thin asbestos mat, has now become a recognised 
means of ooUeoting precipitates. The asbestos 
makes an excellent filter, is not affected by 
ordinary acid and alkaline liquids, is readilv 
dried, and does not alter in weiglii when ignited. ‘ 
The quality of the asbestos is of prime import- 
ance, a non-ferruginous amphibole being pre- 
ferable to the cheaper hydrated varieties of 
serpentine which are appreciably soluble in 
acids. Silky asbestos is scraped into a short 
fine down, boiled with hyilroohloric acid, well 
washed, and kept in water. A platinum or silica 
crucible, preferably of the low wide form, with 
the bottom perforated with a largo number of 
minute holes, is fitted air-tight into an ordinary 
funnel by means of an indiarubber ring placed 
between the crucible an(>the wall of the funnel, 
which is fitted into a filtering flask. The pump 
is set in action and water containing the asbestos 
in suspension is poured into the crucible. A layer 
of asbestos felt is quickly formed, and when this 
is of sufficient thickness it is drained, dried, and 
ignited over a lamp, and the crucible is then 
weighed. It is desirable to have a non-per- 
forated bottom to fit on the crucible during 
ignition, in ord'^r-to protect the contents of the 
crucible from the flame gases. A Soxhlet tube, 
having a perforated porcelain or platinum disc 
covered with an asbestos layer and supported 
at the constricted part of the tube, is frequently 
used to collect precipitates. Neubauer recom- 
mends a perforated platinum crucible with a 
felted platinum mat (Zeitsch. anorg. Chem. 
1901, 922; c/. Amer. Cnem. d. 1909, 31, 450). 
The weighed arucible is replaced in the funnel, 
and filtration is conducted in the ordinary way, 
care being taken that the pump is set in action 
before any liquid is poured *11110 the crucible. 
Drying and igniting the precipitate oocupioB but 
little time. For gelatinous precipitates the 
crucible ma^ bo replaced by a cone, the lower 
part of which is made of platinum gauze and 
the upper part of platinum foil. 

Gooch has proposed (P. Am. A. 1886, 390; 
Zeitsch. anal. Chem. 24, 6^3) in special oases to 
replace the asbestos by anthracene, which after 
filtration can be dissolved in benzene or other 
suitable solvent, leaving the precipitate undls* 
solved. 

* Not unfrequently it is necessary to keep the 
contents of a funnel hot during filtration. This 
is effected by placing the funnel inside a copper 
jacket filled with water which is heated to boil- 
ing by moans of a side tube. A simpler plan is 
to coil lead pipe round the funnel and blow 
steam through the pipe (Uiohter, J. pr. Chem. (ii.) 
28, .309). 

Sometimes it is desirable to avoid contact 
with air during filtration. A convenient ap- 
paratus for this purpose has been described by 
Klobukow (Zeitsch. anal. Chem. 24, 395 ; J. Soc. 
Chem. Ind. 4, '^6). 

All precipitates require to be washed in order 
to remove soluble impurities, the liquid em- 
ployed being water, dilute acid, dilute ammonia, 
alcohol, &c., as the c^se may require* The 
object in all cases is to reduce the impurity to 
the desired ^ninimum in the shortest possible 
time with the least expenditure of Uquid, and it 
can readily be 9ho^vn that successive treatments 

.Q 
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with small quantitils of the liquid are far more 
effectual than the same volume of liquid applied 
all at once (Bunsen, Annalen, 148, 269). When- 
ever possible hot liquids should be used, and the 
precipitate should be washed so far as possible 
by decantation, only the washing liquid being 
poured on the filter. The soluble impurity 
collects round the top edge of the filter paper 
by reason of capillary action and evaporation, 
and hence, when washing is effected with the 
aid of an ordinary wash* bottle with a movable 
jet, it is important that the liquid should be 
directed on to th6 top edge of the filter. It is 
also important' that each quantity of wash- 
water should be drained away as completely 
as possible before adding a fresh quantity, and 
it is obvious that this takes place most readily 
when a pump is used. In this case the liquid 
is poured into the fulmel from an open vessel 
to a height of about 10 mm, above the edges 
of the paper. Caro must be taken that the 
precipitate is not drained so far that channels 
are formed. It is always advisable to ascertain 
whether the washing is complete by testing a 
few drops of the last wash -water. 

Drying and weighing precipitaiea. — Occa- 
sionally a precipitate must be dried without the 
application of heat, and this is accomplished in 
a desiccator over sulphuric acid, preferably in a 
vacuum. In other instances the substance is 
not injured by a temperature of say 120®, but 
cannot be ignited. In these cases the filter is 
carefully dried at the particular temperature, 
enclosed between a pair of watch-glasses, and 
weighed. It is then placed in the funnel and 
the (moration proceeded with. After filtration 
the niter and the precipitate are thoroughly 
dried at the same temperature as before and 
again weighed, the increase being the weight of 
the precipitate. lared filters can, however, be 
generally replaced by Gooch crucibles, Soathlet 
tubes, &c. The majority of the precipitates 
usually met with can, moreover, be dried by 
heating them in a crucible over a lamp. In 
most cases it is not necessary that the precipi- 
tates should previously bo dried. The greater 
part of the water is removed by draining in the 
funnel by means of the pump or by jilacmg the 
filter and its contents on a porous tile or on a 
^d of filter paper. The filter is then intro- 
duced into a crucible, heated cautiously until 
quite dry and then heated more strongly uirtil 
the weight is constant. 

When the precipitate is not easily reducible 
it is' not necessary to remove the paper before 
ignition. The wet paper enclosing the precipi- 
tate is placed ih a platinum crucible, and the 
latter heated with a full ffame ; the water 
[iresent assumes the spheroidal state and the 
paper smoulders away without spurting. If 
any slight reduction takes place, for example, 
ypth barium sulphate, it is easily remedied by 
adding a few dr^s of dilute sulphuric acid and 
again neating. In the case of magnesium pyro- 
phosphate strong nitric acid serves a similar 
purpose. If, however, the precipitate is readily 
reduced in contact with organic matter, it must 
bo removed from thot paper as completely as 
possible by gentle friction, and ^n^erred to 
jthe hruciblo, which should stand Vin a sheet of 
glazed paper, A carefully trimmed feather or 
a oamerS'hair brush is useful to transfer scattered 


particles from the paper to the crucible. The 
filter paper is then folded with the portion to 
which the precipitate^ had adhere inside, 
wrapped in platinum wire which forma a sort 
of cage, and set on fire. Whilst burning it is 
held over the crucible, and when completely 
burnt out, the ash is heated with the tip of a 
Bunsen (lame for a few minutes and then shaken 
into the crucible. 

Precipitates which contain compounds of 
silver, lead, zinc, tin, and other easily reducible 
metals, should be heated in porcelain crucibles, 
since platinum vessels are liahle to be attacked. 
Care should also be taken that platinum vessels 
are not heated with smoky or ‘ roaring ' flames, 
and do not come in contact with brass crucible 
tongs or easily fusible metals whilst hot. After 
some time the surface of the metal may become 
dull, owing to the partial disaggregation of the 
platinum, but this defect can be remedied by 
polishing the metal wdbh sea-sand or a burnisher. 

Heating appliances . — The ordinary bunsen 
burner serves for most operations, but the argand 
bunsens introduced by Fletcher are more efficient, 
and the radial slit burner of the same inventor 
is perhaps the most efficient gas-burner for heat- 
ing purposes that has yet been made. Glass 
vessels are more safely heated on a sheet of wire 
gauze or on a layer of sand in a metal tray. A 
most useful piece of apparatus in a technical 
laboratSVy is a larg^ iron jilate supported on iron 
legs, and heated by a burner underneath the 
middle. Vessels placed on the plate near its 
edges are subjected to a very gentle heat, but 
may be raised to a much higher temperature by 
being moved nearer to the middle. 

A water-bath provided wdth a constant feed- 
ing arrangement is the most useful way of heat- 
ing vessels at 100®. If higher tempratures are 
needed, a saturated solution of oalcium chloride, 
melted paraffin, or oil may be used. Maumen4 
(Compt. rend. 1883, 97, 45, and 215) has proposed 
to use fused mixtures of alkaline nitrates for 
temperatures between 140® and 260®. Brauner 
(Chem. Soc. Trans. 1885, 47, 887) has described 
a simple arrangement for heating substances in 
sulphur vapour. 

Reagents . — The ordinary acids and ammonia 
are required in a dilute as well as in a concen- 
trated form. Whenever possible the reapnts 
should bo made in solutions the strengths of 
which are multiples or submultiples of normal 
solutions. A convenient strength for the dilute 
mineral acids is twice normal, and the alkaUhe 
solutions should be of equivalent strength. 

Qualitative Akalysis. 

The detection of the constituents of a 
mixture or chemical substance is based on the 
fact that almost every metallic or acidic radiozl 
wilf' under suitable conditions give rise to a 
reaction which, under these conditions, is 
characteristic and thus enables one to distinguish 
this radical from all others. These tests may be 
applied directly to the solid substance, usmadly 
r..t high temperatures, when they are Imown as 
dry reactions ; or they may be employed in solu- 
tion, in which case they are described as uxi 
reactions. The wet and dry reactions of metallio 
and acidic radicals are generally, but by no 
means invariably, independent of the acidic and 
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metallic radicals with which they are respec- 
tively combined. 

Examination to the Dry Way. 

The indications obtained from the dry re- 
actions of a substance frequently afford very 
suMestive clues to its composition, but as these 
teste rarely, if ever, indicate the relative pro- 
portions in which the constituents exist m the 
mixture under examination, they must be ro- 
ffarded as being preliminary to the more syste- 
matic examination of the substance in solution. 
Moreover, negative results obtained from dry 
teste must not bo accepted as final evidence. 

In all cases, however, a preliminary examina- 
tion of the substance should be made in the dry 
way, and if the substance is in solution a portion 
should be evaporated to dryness. The reactions 
of several substances in the dry way are inter- 
fered with and rendered inconclusive by the 
presence of certain other substances ; but never- 
theless an examination of this kind often gives 
much information in a short time. - ... 

The most convenient source of heat lor this 
purpose is the ordinary bunsen burner. This 
consists of a metal tube at the base of which 
coal gas enters by means of a jet, the lower part 
of the tube being pierced with holes through 
which air is drawn and mixed with the coal gas. 
The mixture of 1 volume of coal gas with a bout 
2J volumes of air, which is tkus producad, burns 
at the top of the tube with a non-luininous flame. 
When the supply of gas is turned low, it is 
necessary also to reduce the air supply by 
partially closing the inlet holes by means of a 
regulator. The upper part of the burner is 
generally fitted with a support carrying a cone 
to protect the flame from draughts. 

The flame consists essentially of an innei 
dark zone containing un burnt gas mixed with 
air, and an outer zone or flame mantle in which 
combustion becomes com- 
plete. If the air holes are 
partially closed, a luminous 
cone appears at the top of 
the inner zone. Bunsen has 
shown, however, that several 
distinct zones exist, each of 
which can be utilised for pro- 
ducing particular reactions. 
The most useful of these are 
o, a comparatively cold zone 
at the base of the flame, which 
serves for the volatilisation 
of salts in order to obtain 
flame colourations ; the lower 
reducing flame 8 about one 
quarter of the way up and 
close t(^ the edge of the dark 
zone ; ij, the upper and more 
powerful reducing flame at 
the top of the dark tone, 
obtain^ bv closing the air 
holes until the tip of the 
inner zone just becomes lu- 
minous ; j8, the zone of fusion 
or highest temperature, at 
T^rn « about one-thiid the height of 
* the flame and half-way be- 
tween the inner zone and the flame mantle ; 
7 , the lower and hotter oxidising flame at the 
edge just below the zone of fusion ; and r, the 


upper oxidising fame at the extreme tip of 
the flame 


Instead of the bunsen burner, the flame ob- 
tained by means of a blowpipe may be used ; a 
mouth blowpipe oonsiste ot a metal tube pro- 
vided at one end with a mouthpiece, the other end 
fitting into a small metal box ^hioh aerves to 
condense and retain the moisture of the breath. 
From the side of this box a second shorter 
and narrower tube projects at right angles to 
the first, and is provided with a nozzle or jet of 
brass or, better, of platinum. For general work 
the diameter of the bore of the jet should be 
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0 4 mni. Ill Black’s blowpipe the larger tube is 
conical, the lower and wider end serving the 
same purpose as the box in the form just de- 
scribed. The art of keeping up a continuous 
blast of air through the blowpipe can only be 
acquired by practice. The necessary pressure is 
produced by distending the cheeks, breathing 
being carried on through the nostrils, whilst 
communication between the nostrils and the 
mouth IS cut off by the pressure of the tongue 
against the palate. A convenient form of hand- 
blower for blowpipe work has been devised by 
Fletcher. . , . i 

A good flame for blowpipe work i.s obtained 
by dropping into the tube of an ordinary bunsen 
burner a brass tube, the lower end of which 
descends to the bottom of the burner and outs 
off the supply of air, whilst the upper end is 
flattened and cut off obliquely. The flame 
should be much smaller than when the burner 
is used in the ordinary way. Coal gas usually 
contains more or less sulphur, and consequently 
cannot be used when te.sting for this element. 

A thick stearin candle answers well; but 
nothing is better than a lamp consisting of a low 
and rather wide cylindrical metal vessel, open 
at the top, with a somewhat broad and flat wick- 
holder attached to the side. The fuel used is 
solid paraffin, which is kept in a melted condi- 
tion by the heat of the blowpipe flame, the wick 
being so arranged that the flame passes over the 
top of the paraffin. A metal cover protects the 
lamp from dust when not in use. 

The nozzle of the blowpipe is introduced a 
short distance into the lamp flame at a short 
distance above the wiok, ana when the blast is 
produced the flame is deflected horizontally, 
becomes long and narrow, and is seen to consist 
of two parte, viz. an outer or oxidising flame, at 
the tip of which there is an excess of oxygen 



heated to a high temperature, and an inner or 
redwing flame, which Contains carbonic oxide 
and hydrooatbons heated to a high temperature. 
If the blowpipe is held just at the edge of the 
flame and a mgAeiaie blast is used, a broader 
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reducing flame can be obtained, which htus a 
luminous tip containing solid particles of carbon. 

The following appliances are required : a 
small pair of forceps with platinum points ; short 
pieces of thin platinum wire ; charcoal from some 
iine-grained compact wood ; glass tubes about 
3 mm. intemi*! diameter, and 60-80 mm. long, 
closed at one end ; and glass tubes of similar 
diameter 100-120 ram. long, open at both ends 
and bent slightly in the middle. The reagents 
used are borax, microcosmic salt (NH 4 NaHT* 04 , 
4 II 2 O), potassium cyanide, sodium carbonate, 
potassium nitrate, cobalt nitrate solution, and 
potassium hydrogen sulphate. 

The dry tests are conveniently performed in 
the following order : — 

(1) Heating in a dry chtj^ed tube . — To avoid 
soiling the sides of the tube, the substance 
should bo introduced by means of a roll of stiff 
paper. The folio v\ ing changes be observed : 

(а) Carbonisation with or without evolution 
of empyreumatic vapours = orgaiitc compounds. 

(б) Condensation of moisture on cold parts 
of tube ; neutral reaction = hydrated salts and 
hydroxides ; acid reaction = acids and acid salts ; 
alkaline reaction = ammonium salts. 

(c) Fusion without change of colour ~ alka- 
line sails, hydrated salti. 

(d) Fusion with change of colour = yellow 
hot, dark yellow cold = oismvih oxide ; yellow 
hot, red cold = lead oxide. 'I’lio chromates of 
lead and the alkali metals fuse and darken on 
heatmg. 

(fi) No fusion, but change of colour : dark 
yellow hot, pale yellow cold = stannic oxide ; 
jellow hot, white cold — zinc oxide; black hot, 
reddish-brown cold =/f!mc oxide; black hot, 
bright red cold = mercuric oxide ; brown darken 
ing on heating = fadmium oxide. 

ij) C as evolved : oxy gen ^oxides, peroxides, 
chlorates, hromates, perchlorates, iodates, periodates, 
ptrsulphales, and nitrates ; carbon dioxide = 
carbonates, bicarhonates, oxalates; carbon mon- 
oxide (blue flame) = formates, oxalates ; sulphur 
dioxide = arid sulphite'^, sulphates of heavy 
metals (together w ith sulphur trioxide) ; cyanogen 
sa cyanides of heavy metals ; ammonia = am- 
monium salts ; phosphine = phosphites, hypo- 
phosphites ; orange- brown vajwurs = nitrates, 
nitrites, bromides ; violet vapours = iodides ; 
colourless fuming gas = hydrated chlorides. 

.(gr) Sublimate : white infusible = arscnious 
(wide (ootahedra), antimonious oxide (needles), 
selenium dioxide, ammonium chloride, am- 
monium sulphite (from ammonium sulphate) ; 
white fusible = mercuric chloride, tdlurium 
dioxide, organic acids, molybdenum trioxide (at 
very high . temperatures) ; coloured, black, or 
reddish black = selenium, mercuric sulphide ; 
yellow hot, red cold = mercuric iodide ; reddish 
yellow s= arsenious sulphide ; yellow = sulphur 
and sulphides ; black metallic mirror = arsenic ; 
gpey metallic globules » mercury. These metal- 
lic sublimates ere often obtained norc readily by 
heating the material with potassium cyanide. 

Phosphorus compounds are detected by 
heating m a closed tube with magnesium ribbon 
and dropping the hot bube into water, when in- 
flammaUe phosphine is evolved. ^ 

(Ml Wp affng in open tithe. — The tube being 
iui^poT^ promote a current of air through 
it, '^lli^’'^uhanges observed ate similar to the 


reactions in the closed tube, but sulphides 
bum evolving sulphur dioxide; arsenic is 
oxidised to arsenious okide, and selenium and 
its compounds evolve a pungent odour of horse- 
radish (dioxide), and give a grey or reddish 
sublimate. 

(3) Heating on platinum wire. — Flame coloura- 
tions . — The wire being cleaned by repeated dip- 
ping in hydrochloric acid and boating till it imparts 
no colour to the flame, a small quantity of the 
substance supported on the end of the wire is 
introduced into zone a of the bunsen flame. As 
a colouration is produced only if volatile com- 
pounds of the metals are present, the substance 
should be moistened with hydrochloric acid to 
produce the volatile chlorides. This result may 
also be attained by mixing the substance on an 
asbestos thread w'ith moist silver chloride, a 
compound which, while imparting no colour to 
the flame, slowly yields chlorine, converting other 
metals into chlorides. The wire should be 
slowly moved into the hottest part of the blow- 
pipe or bunsen flame, so that the colourations 
due to less volatile constituents may be suc- 
cessively developed. 

Colourations : yellow = sodium ; orange red 
= calcium ; crimson = strontium, lithium ; 
lavender = potassium, rubidium, coesmm ; apple 
green — barium ; bright green *= thallium, 
copper, hone acid pale blue = lead, antimony ; 
deep blue becoming green = copper halides ; 
deep blue ~ selenium. 

The pocket spectroscope (direct vision) is a 
useful aid in examining flame colourations, 
particularly in the case of strontium and calcium, 
which exhibit respectively a characteristic blue 
and a velJow isb -green line. 

(4) Healing on charcoal. — The substance 
mixed with three times its weight of dry sodium 
carbonate or of a mixture of 2 parts sodium car- 
bonate and 1 part potassium cyanide, is placed 
in a small shallow hole scooped out in charcoal, 
and heated in a reducing flame. The metallic 
bead obtained is examined as to colour, malle- 
ability, solubility, &c. Many metals yield films 
of oxide, which coat the charcoal at a greater or 
less distance from the flame, and the colour and 
appearance of which are more or less character- 
istic. These and similar films are best seen 
when the charcoal is supported on an aluminium 
plate (Ross). A piece of sheet aluminium 12 om. 
by 5 cm, is bent m right angles at a distance of 
2 cm. from one end, thus forming a ledge on 
which a small fiat piece of charcoal is placed, 
the plate being held so that the surface rises 
vertically behind the ledge. Vola tile oxides, 
condense on the metallic surface {v. Hutchings, 
Chem. News, 1877, 36, 208, 217).’ 

The reduction mSy also be effected by adding 
a fragment of sodium to the substance supported 
on /'liarcoal (Parsons, J. Amor. Chem. Soc. 1901, 
23, 159). 

In order to obtain reduced metals with the 
bunsen flame, a match-stick is smeared with 
ordinary sodium carbonate (washing soda) which 
has been melted by holding it in the flame, and 
the wood thus prepared is^ carbonised by beating 
it in the flame. A small quantity of the sub- 
stance is mixed in the palm of the hand with a 
small quantity of the fused washing soda, and 
the mixture is carefully placed on me ohe^oal 
splint, which is then heatM in the lower or upper 
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metallic radicals with which they are respec- 
tively combined. 

Examination to the Dry Way. 

The indications obtained from the dry re- 
actions of a substance frequently afford very 
suMestive clues to its composition, but as these 
teste rarely, if ever, indicate the relative pro- 
portions in which the constituents exist m the 
mixture under examination, they must be ro- 
ffarded as being preliminary to the more syste- 
matic examination of the substance in solution. 
Moreover, negative results obtained from dry 
teste must not bo accepted as final evidence. 

In all cases, however, a preliminary examina- 
tion of the substance should be made in the dry 
way, and if the substance is in solution a portion 
should be evaporated to dryness. The reactions 
of several substances in the dry way are inter- 
fered with and rendered inconclusive by the 
presence of certain other substances ; but never- 
theless an examination of this kind often gives 
much information in a short time. - ... 

The most convenient source of heat lor this 
purpose is the ordinary bunsen burner. This 
consists of a metal tube at the base of which 
coal gas enters by means of a jet, the lower part 
of the tube being pierced with holes through 
which air is drawn and mixed with the coal gas. 
The mixture of 1 volume of coal gas with a bout 
2J volumes of air, which is tkus producad, burns 
at the top of the tube with a non-luininous flame. 
When the supply of gas is turned low, it is 
necessary also to reduce the air supply by 
partially closing the inlet holes by means of a 
regulator. The upper part of the burner is 
generally fitted with a support carrying a cone 
to protect the flame from draughts. 

The flame consists essentially of an innei 
dark zone containing un burnt gas mixed with 
air, and an outer zone or flame mantle in which 
combustion becomes com- 
plete. If the air holes are 
partially closed, a luminous 
cone appears at the top of 
the inner zone. Bunsen has 
shown, however, that several 
distinct zones exist, each of 
which can be utilised for pro- 
ducing particular reactions. 
The most useful of these are 
o, a comparatively cold zone 
at the base of the flame, which 
serves for the volatilisation 
of salts in order to obtain 
flame colourations ; the lower 
reducing flame 8 about one 
quarter of the way up and 
close t(^ the edge of the dark 
zone ; ij, the upper and more 
powerful reducing flame at 
the top of the dark tone, 
obtain^ bv closing the air 
holes until the tip of the 
inner zone just becomes lu- 
minous ; j8, the zone of fusion 
or highest temperature, at 
T^rn « about one-thiid the height of 
* the flame and half-way be- 
tween the inner zone and the flame mantle ; 
7 , the lower and hotter oxidising flame at the 
edge just below the zone of fusion ; and r, the 


upper oxidising fame at the extreme tip of 
the flame 


Instead of the bunsen burner, the flame ob- 
tained by means of a blowpipe may be used ; a 
mouth blowpipe oonsiste ot a metal tube pro- 
vided at one end with a mouthpiece, the other end 
fitting into a small metal box ^hioh aerves to 
condense and retain the moisture of the breath. 
From the side of this box a second shorter 
and narrower tube projects at right angles to 
the first, and is provided with a nozzle or jet of 
brass or, better, of platinum. For general work 
the diameter of the bore of the jet should be 


c 




Fio. R. 

0 4 mni. Ill Black’s blowpipe the larger tube is 
conical, the lower and wider end serving the 
same purpose as the box in the form just de- 
scribed. The art of keeping up a continuous 
blast of air through the blowpipe can only be 
acquired by practice. The necessary pressure is 
produced by distending the cheeks, breathing 
being carried on through the nostrils, whilst 
communication between the nostrils and the 
mouth IS cut off by the pressure of the tongue 
against the palate. A convenient form of hand- 
blower for blowpipe work has been devised by 
Fletcher. . , . i 

A good flame for blowpipe work i.s obtained 
by dropping into the tube of an ordinary bunsen 
burner a brass tube, the lower end of which 
descends to the bottom of the burner and outs 
off the supply of air, whilst the upper end is 
flattened and cut off obliquely. The flame 
should be much smaller than when the burner 
is used in the ordinary way. Coal gas usually 
contains more or less sulphur, and consequently 
cannot be used when te.sting for this element. 

A thick stearin candle answers well; but 
nothing is better than a lamp consisting of a low 
and rather wide cylindrical metal vessel, open 
at the top, with a somewhat broad and flat wick- 
holder attached to the side. The fuel used is 
solid paraffin, which is kept in a melted condi- 
tion by the heat of the blowpipe flame, the wick 
being so arranged that the flame passes over the 
top of the paraffin. A metal cover protects the 
lamp from dust when not in use. 

The nozzle of the blowpipe is introduced a 
short distance into the lamp flame at a short 
distance above the wiok, ana when the blast is 
produced the flame is deflected horizontally, 
becomes long and narrow, and is seen to consist 
of two parte, viz. an outer or oxidising flame, at 
the tip of which there is an excess of oxygen 



heated to a high temperature, and an inner or 
redwing flame, which Contains carbonic oxide 
and hydrooatbons heated to a high temperature. 
If the blowpipe is held just at the edge of the 
flame and a mgAeiaie blast is used, a broader 
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must be taken to observe if any gas is given off— 
e,^. carbon dioxide (effervescenoe), from carbon- 
aies; sulphur dioxide, from sulphites or thiosul- 
phates ; chlorine, from peroxides or hypo- 
chlorites ; hydrocyanic acid, from cyanides ; 
hydrogen sulphide, from sulphides. Many 
cUorides are hsoluble in the strong acid, and 
hence the solution must be diluted before Mter- 
ing. Silver, lead, and univalent mercury 'will 
be converted into insoluble chlorides. 

Solvent action of the mineral acids ft?. 
A. A. Noyes and W. C. Bray, J. Amer. Chem. 
Soo, 1907, 29, 137, 481). — In dealing with sub- 
stances insoluble in water the following acidic 
solvents may bo used : hydrochloric, nitric, sul- 
phuric, and hydrofluoric acids. Although it 
is impossible to give a hard-and-fast rule as to 
the way in which these jagonts should be applied, 
the following considerations will indicate the 
relative advantages of one or othei of these 
solvents : — 

Hydrochloric acid, — (1) Advantages; (i.) 
Solutions on this acid do not yield a precipitate 
of sulphur on treatment with hy’drogen sulpliide ; 
(ii.) the solvent action of this acid on the 
following oxides : lead peroxide, maiigancse 
dioxide, and the hydrated oxides of *tui and ' 
antimony, is superior to that of nitric acid ; | 
(iii.) hydrated silica is readily precipitated on j 
evaporating the hydrochloric acid solution. 

(2) Disadvantages; (i.) This acid is com- 
paratively useless for alloys; (ii.) evaporation 
of the hydrochloric acid solution leads to the 
volatilisation of arsenic, mercury, tin and 
selenium as chlorides. 

Nitric acid. — (1) Advantages : (i.) The beet 
general solvent for the metals and their alloys , 
(ii.) oxidises and dissolves insoluble compounds 
of arsenic, merevry, and selenium without 
the formation of volatile compounda of these 
elements ; (iii.) does not cause the precipita- 
tion of silver or lead ; (iv.) oxidises sulphides 
not attacked by hydrochloric and sulphuric acids. 

(2) Disadvantages: (i.) This acid alters the 
state of combination of many elements, e.g, it 
oxidises mercurous, arsenious, antimonious, 
stannous, and ferrous salts ; (ii.) its solution 
deTOsits much sulphur on treatment with 
hydrogen sulphide; (iii.) the oxidation of 
sulphides by nitric acid in the presence of 
barium, strontium, and lead loads to the 
precipitation of these metals as sulphates ; (iv.) 
nitric acid is less efficacious than hydrochloric 
acid in rendering hydrated silica insoluble. 

IHie nitric acid solution of an alloy when 
evaporated to dryness and heated at 120®-1.30® 
may yield the partially dehydrated hydroxides 
of silica, tin, antimony, titanium, and tungsten 
in an insoluble condition. When phosphorus 
or arsenic is present together with tin the so- 
called stamiio phosphate or arsenate (phospho- 
s^nnic or arsenostannic acid) may also be found 
in the insoluble residue. 

Sulphuric acid. — The dilute acid is of little I 
value as a solvent, but the hot oonceutrat^ I 
acid has been found useful in certain cases, 
(i.) In bringing certain alloys into solution, e,g, 
white metals (r. Low; J. Amer. Chem. Soo. 
190^ 29, 66); (ii.) destruction; of organic 

'Evaporation of a concentrated sulphuric 
acid solution of the substance ,is preferable to 
ignition, because the latter process renders cer- | 


tain oomnounds insoluble and loads to the loss 
by volatilisation of suol^ elements as mercury, 
arsenic, selenium, &c. Very stable organic 
substances (e.g. paraffin and cellulose) can be 
destroyed completely by adding a little strong 
nitric acid and heating till the solution acquires 
a light yellow colour. When diluted con- 
siderably with water (20-30 vols.) this solution 
may yield a. deposit containing silica and certain 
refractory silicates and fluosilicates, together 
with the sulphates of barium, strontium, lead, 
calcium, and chromium (an insoluble sulphate 
formed during the heating), basic sulphates of 
bismuth, antimony, and tin and the ignited 
oxides of the last two metals with those of 
aluminium and titanium, (iii.) Insoluble com- 
pound cyanides are decomposed by hot con- 
centrated sulphuric acid, but may also be 
attacked by aqueous alkali hydroxides yielding 
soluble alkali cyanides and insoluble metallic 
hydroxides. 

Hydrofluoric acid . — The insoluble residues 
from the preceding acids may be treated with 
a 40 p.c. solution of hydrogen fluoride, which is 
now obtainable in gla.ss bottles lined with 
paraffin wax. (1) Advantages : (i.) Many 

insoluble silicates are readily decomposed, the 
silicon being eliminated completely as gaseous 
silicon fluoride; (ii.) the reducible metals and 
their corjpounds uay be treated in platinum 
basins or crucibles providing that the solution 
is never ovayiorated to dryness. 

(2) Disadvantages : (i.) Glass or silica- ware 
vessek cannot be used with hydrofluoric acid ; 
(ii.) owing to the destructive action of hydrogen 
fluoride on animal tissues, all operations with 
solutions of this gas must bo conducted in an 
efficient draught cupboard. 

Agua regia (concentrated hydrochloric acid 
8 parts and nitric acid 1 part) may be em- 
ployed in attacking substances not dissolved 
by hydrochloric or nitric acid, althojgh it is 
of little use for colourless insolubles. It readily 
dissolves gold and platinum, but is less efficacious 
in rendering soluble the rarer noble metals (e,g- 
osmium and iridium). 

Treatment of Insolubles. 

The substances not dissolved by the fore- 
going acidic reagents are generally regarded as 
msolubles, although they are divisible into two ’ 
classes ; (i.) pseudo-insol^les, which are ^ssolved 
by certain specific solvents ; (ii.) irtie insolubles, 
which are only broken up into soluble com- 
pounds by the agency of fused alkali carbonates. 

Pseudo-insolmles. — Silver chloride and bromide, 
soluble in aqueous ammonia. (The three silver 
halides may be completely decomposed by treat- 
ment with zino and dilute sulphuric acid, 
metallic silver and soluble zinc halide being 
produced.) Insoluble fluorides (those of the 
common and rare earth metals) are decomposed 
by heating with concentrated sulfuric acid. 
Lead sulphate, soluble in ammonium acetate 
solution ; oxides of antimony, dissolved in hydro- 
chloric and tartaric acids. AnJiydrous chrOmic 
s'dphaie and basic bismuth stdphate, converted 
respectively into hydroxide and basic carbonate 
by boiling with aqueous sodium carbonate ; these 
products are then dissolved in dilute mineral 
acids. 

True insolubles . — ^Tliesu substances are fused 
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With a mixtuie of .sodiain and potaasium car- 
bonates in , equimoleoular proportions (so- 
called fusion mixture)? In the absence of 
reducible metals (e.g'. silver or lead), insoluble 
sulphates (barium and strontium sulphates) and 
sfUcates may be heated with the fusion mixture 
in a platinum crucible. If any insoluble molyb- 
denum sulphide is present (indicated by dry 
tests), a little nitre must be added to oxidise this 
sulphide, and thus prevent its corrosive action 
on the platinum. In the case of an insoluble 
silicate the fused mass is treated directly with 
hydrochloric acid, when the metals present pass 
into solution as chlorides, and the silica is ren- 
dered insoluble by evaporating down the acid 
solution. In the case of insoluble sulphatc^s the 
fused mass is extracted with water to remove 
the soluble alkali sulphate, and the residue 
(BaCOjjSrCOj) is subsequently dissolved in 
dilute acid. 

Silver iodide, bromide, and chloride are 
decomposed by ‘ fusion mixture,* yielding the 
soluble alkali halide ; insoluble lead compounds 
are similarly decomposed. The strongly heated 
oxides of aluminium, chromium, titanium, tin, and 
antimony rank as insolu bios ; they are not readily 
attacked by ‘ fusion mixture,’ but are rendered 
soluble by fusion with potassium hydroxide. 
The oxides of titanium and aluminium may be 
rendered soluble by fusion with piijbassium 
^hydrogen sulphate; special methods for treat- 
ing the insoluble oxides of chromium, tin, and 
antimony are indicated among the dry tests 
(7, h ana c). The insoluble compounds of the 
easily reducible metals {c,g, Ag, Pb, Sn, Sb, &o.) 
can all be docoraposod and reduced by fusion 
with sodium or potassium cyanide. 

When both aqueous and acid solutions have 
been obtained from the same substance, the 
analyst must use his judgment as to whether 
they may be mixed or should be analysed 
separately. The latter course sometimes 
gives information as to the distribution of the 
acids and bases in the original substance. If 
the first course is adopted, it must be home 
m mind that the hydrochloric acid solution may 
precipitate lea-d and silver, and possibly mercury, 
from an aqueous or nitric acid solution. 

Systematic Method of Examination In the 
Wet Way. 

The formation of a precipitate at the proper 
stage in the systematic separation is not suffi- 
cient proof of the presence of a particular sub- 
stance ; some obaracteristio confirmatory test 
should always bi« applied. The colour of the 
solutions at different 6ta,aeg in tho operation is 
a valuable indication. Unnecessary excess of 
reagents should be avoided, but filtrates should 
always be tested to make sure that preoipits^iion 
is complete. Many tests succeed only w hen the 
proper proportion of the reagent is added, and 
it should M a rule always to add the reagents 
very gradually. All precipitates which nave 
to oe snbiected to the action of reagents should 
ho carefully washed, but in qualitative analysis 
it is not as a rule desirable thiat all the washings 
should mix with the filtrate. 

The reaction of the original solution towards 
Htmos paper should be noted and a iiortion 
tested for ammonium compounds by heating 


with sodium h;^roxide or by triturating in a 
mortar with so^-lime (dry smium and oaloiom 
hydroxides). 

In systematic qualitative analysis advantage 
is taken of oertain timilarities existing betwe^ 
the metallic radicals which enable these radicals 
to be divided into a limited nuniber of groups, 
the members of which are subsequently cither 
separated or identified by means of the differences 
between the properties of their respective com- 
pound?. 

The metallic radicals are divided into six 
groups, according to their behaviour with the 
following reagents, which murfl be applied in 
the order given. It may be mentioned that 
some chemists prefer a division into five groups, 
and add the reagents of Groups III. and Iv. suc- 
cessively wiihoiU an intervening filtration. This 
process is conveniently adopted in the presence 
of the less commonly occurring metals (J. Amer. 
Chem. Soc. 1908, 30, 481). 

Group I. — Reagent: hydrochloric acid in 
moderate excess. Precipitate : silver, lead, 
thallium (ihallous), and mercurous chlorides; 
tungstic acid. 

If tho original solution is alkaline, the group 
recipitate may contain sulphides {e.g, AS 383 , 
bjSj, SnS,) which had been dissolved in aqueous 
alkali sulphide or hydroxide. This yellow or 
orange precipitate is examined under Group II. 
The group precipitate may also contain in- 
soluble silver salts {e.g, AgBr, Agl) precipitated 
from solution in alkaline cyanides or thio- 
sulphates; these are dealt with as insolubles. 
The filtrate from the Group I. precipitate or the 
solution itself in the absence of a precipitate, 
must be evaporated nearly to dryness if nitric 
acid or nitrates are present, since these com- 
pounds lead to the precipitajion of sulphur in 
Group II. 

Group II.~ Reagent*, hydrogen gulphicle in 
acid solution. Thioacetio acid has been recom- 
mended as a substitute for hydrogen sulphide 
in qualitative analysis (Schiff and Tarugi, 
Ber. 1894, 27, 2437). Precipitate ; the 8ulphide.s 
of arsenic, antimony, tin, molybdenum, gold, 
platinum {the other platinum metals), bismuth, 
lead, mercury, copper, and cadmium, together 
with selenium and tellurium, partly free and 
partly as sulphides. The solution should be 
dilute and not too acid, and it should bo treated 
and saturated repeatedly w ith the group reagent, 
since prolonged treatment is required to precipi- 
tate molybaenum and the platinum metals. 

The Mtrate from the foregoing sulphides is 
boiled to expel hydrogen sulphide, and any iron 
present peroxidised by warming with nitric 
acid or bromine water. If organic matter is 
resent, it is destroyed cither by evaporation to 
ryncss or treatment with hot concentrated iul- 
phorio acid (v* supra). Silica or barium sulphate 
may be precipitated at this stage. A portion 
of the oxidised solution should now bo tested 
for phosphate with nitric acid and ammonium 
molybdate. 

Group III. — Reagents : ammonium chloride 
and ammonium hydroxide. Precipitate : (a) In 
absence of phosphates : hydroxides of aluminium, 
iron, chromii^m, glucinum, titanium, zirconium, 
tantalum, colun^iam, tJtorium, cerium {and 
other rare earth, metals), and uranium as am- 
monium diurallate. Some manganese, zinc. 


I 
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«nd alkaline earth metals may be copreoipi* 
tated. (&) In presence of phosphates ; ih^ 
phoApJuites of the preceding metaUt together 
with those of (J to ups /F., V., and magnesium. 

Group IV. — Reagents : ammonium sulphide 
or hydrogen sidpbide and ammonium hydroxide. 
Precipitate ; smphides of zinc^ r.mnganese, cobalt, 
and nickel. The precipitation is carried out in 
the boiling solution, and the filtrate, if brown, 
is slightly acidified with hydrochloric acid, when 
vanadium and a small portion of the nickel are 
precipitated as sulphides. 

Group V. — Reagents, ammonium carbonate 
and ammonia. Precipitate: hanum, sironttum^ 
and calcium, as carbonates. 

Group VI. — The filtrate from Gioup V. 
contains magnesium , sodium, lithium, potassium, 
rubidium, and C(Esium,f which arc identified by 
special tests. 

In the absence of the rarer metallic radicah, 
the group precipitates are examined in the fol- 
lowing manner. Confirmatory tests are given 
under special reactions. 

Group 1. — The precipitate is boiled with 
water ; the aqueous extract mixcfl with dilute 
sulphuric acid gives a white precipitate (PbSO^), 
indicating lead. The insoluble portion is treated 
with aqueous ammonia ; a black residue 
(NHjHgjCl or NHJlgCl and Hg) indicates 
mercury ; the ammotiiacal filtrate acidified 
with nitric acid gives white silver chloride, 
indicating silver. 

Group II, — The precipitate is washed with 
aqueous hydrogen sulphide and warmed with 
yellow ammonium sulphide [{NIDjSj], this 
extraction being repeated. 

(A) The filtrate is acidified with dilute hydro- 
chloric acid, the precipitate boiled with strong 
aqueous ammonium carbonate, and the solution 
filtered , the filtrate acidified yields a yellow 
precipitate (A8,S,), denoting ofsenic. The residue 
IS dissolved in concentrated hydrochloric acid, the 
solution boiled, diluted, and treated with strips 
of platinum and pure zinc ; a black stain on the 
platinum = antimony. Tlio zinc is dissolved 
m hydrochloric acid and mercuric chloride added; 
a white precipitate (Hg^Clj) becoming grey 
(Hg) « <tn. 

In the separation of arsenic, antimony, and 
tin by ammonium carbonate, this solvent 
disinolves an appreciable amount of stannic 
sulphide, which is rcprccipitatcd by acids as 
a white oxysulphido (Schmidt, Ber. 1894, 27, 
2739). 

Boiling the mixed sulphides with con- 
centrated hydrochloric acid effects n separation 
by dissolving the tin and antimony compounds, 
leaving nearly the whole of the arsenious sulphide 
undissolved. The mixed sulphides may also 
be dissolved in aqueous sodium peroxide, which 
produces sodium arsenate, antimonate, and 
slannate. On boiling this solution with excess 
of ammonium chloride, hydrated stannic oxide 
is precipitated (r. J. Walker, Chem. Soc. d Vans. 
1908, 83, 184; c/. Caven, Chem. Soc. Proc. 
1910, 26, 176). 

(B) d’ho precipRaie^ insolublo in ammonium 
sulphide is Iwiled w'ith' nitric acid (I vol. acid 
8p.gr. 1*20 : 2 vols. HjO), the residue di.ssolved 
in aqua regia, excess of acid expelled, and stan- 
nous ohloride added ; a w^hite precipitate (HgjCla) 
indicates mercury. The nitric ncid solution is 


evaporated to a small bulk with sulphuric acid, 
diluted with cold watej and filtered ; white 
residue (PbSO*) indicates lead. The filtrate is 
rendered ammoniacHl, blue colour « copper ; 
white precipitate (Bi(HO) 3 ) = bismuth, con- 
firmed by dissolving in hydrochloric acid and 
diluting considerably with water (BiO(]ll). The 
colour of the filtrate discharged by potassium 
cyanide (excess) ; the solution saturated with 
hydrogen sulphide, a yellow precipitate (CdS) = 
cadmium (confirmation is essential, since a yellow 
cyanogen derivative may bo precipitated at this 
singe). 

Group III. (phosphate.*; absent) — The mixed 
hydroxides, suspended in water, are warmed with 
excess of sodium peroxide and filtered. A 
residue (FejOj-rrHjO, which may contain some 
MnOj) indicates iroAi. The filtrate isdivided into 
two jiarts, (i.) boiled with excess of ammonium 
chloride, white gelatinous precipitate (AlfOHlj) 
— aluminium; (ii.) acidified with dilute acetic 
ncid and lead acetate added, yellow precipitate 
(Pb('r 04 ) = chromium. 

Group III. (phosphates present).— If the 
original solution wa.s acid, this group precipitate 
may contain phosphates insoluble in neutral or 
alkaline solution.s. I'he sodium peroxide separa- 
tion is applied to one-ihird of the precipitate ; 
the remainder is dissolved m dilute hydro- 
chloric (Icid, the Solution nearly neutralised 
with pure sodium carbonate, and treated 
succe.ssivcly with ammonium acetate, acetic 
acid, and ferric chloride until no further preci- 
pitnte is produced and the solution i.s deep red. 
The mixture is boiled and filtered hot ; the 
filtrate is then examined for the metals of 
Groups IV. and and for magnesium. The 
precipitate, which is neglected, contains ferric 
phosphate and basic fen ic acetate. Ammonium 
formate may be used in.stead of acetate in this 
separation (Tow'cr, J. Arner. Chem. Soc. 1910, 
32, 953). 

The phosphoric acid may also be removed 
by eva[)orating the filtrate from Group II. to 
dryness with nitric acid and granulated tin, 
w'hen an insoluble residue is obtained consisting 
of metastannic and phosphostannic acids. 

Group IV. — The mixed sulphides, washed 
with hydrogen sulphide water, are dissolved 
in aqua regia, or hydrochloric acid and pota^ lium 
chlorate. Excess of sodium hydroxide is added 
to the solution after expelling excess of acid ; the 
precipitate collected and the filtrate treated with 
hydrogen sulphide ; white precipitate (ZnS) «= 
zinc. The precipitated hydroxides are dissolved 
in hydrochloric acid, excess of ammonium acetate 
added, and the solution saturated with sulphide. 
Any black precipitrte is removed and the 
filtrate rendered aramoniacal; pink precipitate 
(MnS) — manganese. 

Yhe black precipitate is tested in the borax 
bead ; a brownish -yellow colour indicates nickd 
present ami cobalt absent. If the bead is blue 
{=^ cobalt), the precipitate is dissolved in hydro- 
chloric acid, potassium chlorate added, exccMU of 
acid expelled, and the solution nearly neutralised 
with sodium carbonate ; excess of potassium 
cyanide is then added, and the solution boiled 
in an open dish. An excess of sodium hypo- 
chlorite or freshly prepared sodium faypo- 
bromite is added to the warm solutioU ; 
a black pneipitate 
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the filtrate contains potassium cobalticyanide 
(K,Co(CN)J. 

A quicker separation of the Group IV. 
sulphides may be effected by digesting them 
with cold dilute hydrochloric acid (1 : 20). 
This treatment should brin^ the zinc and 
manganese into solution, leaving the sulphides 
of nickel and cobalt undissolved ; but it is gene- 
rally found that appreciable quantities of the 
latter metals arc present in the filtrate. Alterna- 
tive methods of detecting and separating nickel 
and cobalt are given under special reactions. 

Gboup V. — Dissolve the washed precipitate 
in dilute acetic acid, add aqueous potassium 
chromate; yellow precipitate (BaCr04) = &a- 
nttm: filtrate boiled with concentrated aqueous 
ammonium sulphate; white precipitate (SrS04)= 
strontium : final filtrate treated with ammonium 
oxalate; white precipitate (CaCaOijajRjO) =<= 
calcium. Owing to their close relationship, a 
sharp separation of the three metals is extremely 
difficult. Tlie toliowiiig alternative proci'ss ha.s 
been worked out {v. Bray, J. Amer. Chem. 8oc. 
1909, 31, fill). 

The group precipitate, which may contain 
magnesium, ls dissolved in 20 c.c. of 30 p.c. 
acetic acid, solution neutralised with ammonia, 
3 c.o. of acetic acid added, diluted to 40 c.c., 10 
c.c. of 20 p.c. potassium chromate slowly added, 
solution boiled for 2 rainutdii ; yellow jH-ecipitate 
(BaCrOi). Three c.c. of ammonia added to 
filtrate, diluted to 60 c.o., 50 c.c. of alcohol 
(96 p.c.) added ; after 10 minutes yellow pre- 
cipitate (SrCrOi). Without washing this pre- 
cipitate, 200 c.c. of water are added to filtrate, 
the solution boiled, and 40 c.c. of 4 p.c. ammo- 
nium oxalate added; after 10 minutes white 
precipitate (CaCjOi). Magnesium is precipitated 
in filtrate as a colourless crystalline precipitate 
(Mg(NH4)P04,6H20) by adding ammonia and 
sodium phosphate. 

Group VI. — A portion of the filtrate from 
V. examined for magnmum {v. supra), the re- 
mainder evaporated to dryness and ignited to 
expel ammonium salts. The residue dissolved 
in a small bulk of water, the solution filtered 
if necessary, examined by flame test and 
divided into two parts, (i.) platinic chloride 
added ; yellow crystalline precipitate (KjPtCle) 
tss potassium ; (ii.) potassium pyroantimonatc 
added ; colourless crystalline precipitate 
(NagHjSbjO^fiHjO) = sodium. 

Group SBrATAXioN in the Presence of 
THE Rarer Metals, 

In the presence of the less commonly occur- 
ring elements, the ordinary group separations 
require, in certain instamces, to be modified 
very oonaiderably. A systematio attempt to 
deal with this problem has recently been maxle 
by A. A. Noyes and his collaborators, to i^hose 
original memoirs reference should be made for 
the exact working details of the necessarily 
somewhat complicated separations, an outline 
of which is given below (J. Amer. Chem. Soc. 
1907, 29, 137 ; 1908, 30, 481 ; 19w9. ‘.ll, 

611). 

It will be seen that the greater number of 
the rarer elements are precipitated by the re- 
ag^ts of Groups II., III., and IV. of the fore- 
going analytical classification ; but in the 
eCheme devised by Noyes, Groups III. and IV. 


are merged into one, and it is chiefly in this 
oomprehensive group that the additional com- 
plications are to be found. 

Group 1.— The precipitate mav contain 
thallons chloride and tungstic acid. Ine former 
is extracted by hot water, any dead separated 
as sulphate, when the filtrate tre^d with potas- 
sium iodide gives a yellow precipitate (TII) w 
thtdlntm. The hydrated tungstic acid, pre- 
cipitated by hydrochloric acid from alkali 
tungstates, remains in the residue, and may 
be separated from lead and silver by fusion 
with sodium carbonate. The aqueous solution 
of alkali tungstate is boiUxl with zinc and hydro- 
chloric acid, when the development of a blue 
colouration = tungsten. 

Group II. — Selenium, tellurium, molvbde- 
num,gold, platinum and its allies, arc precipitated 
by hydrogen sulphide in acid solution. Ex- 
traction of the group precipitate with yellow 
ammonium sulphide carries the greater part 
of these elements into the tin sub-group, but 
the separation is not quite sharp, for small but 
appreciable quantities of molybdenum, gold 
and the platinum metals remain in the insoluble 
sulphides of the copper sub-group. 

A. Copper sid) -group. —The precipitate boiled 

with dilute nitric acid (1 vol. of sp.gr. 1*20:2 
vols. water) partially dissolves; the solution 
contains lead, copper, cadmium, and bismuth, 
while the residue contains mercury, gold, 
platinum, and a trace of tin. The insoluble 
portion is oxidised with bromine v^ater, potas- 
sium chloride and hydrochloric acid are added 
and the solution concentrated; a yellow crystal- 
line precipitate (KjPtCl,) =« platinum. The 
excess of acid is expelled from the solution, 
which is then rendered alkaline and boiled with 
excess of oxalic acid; a brownish-black pre- 
cipitate = gold. • 

B. Tin svh-grpup. — The sulphides are re- 
preoipitated by dilute acid from their solution 
in ammonium sulphide, and digested for 10 
minutes with nearly boiling hydrochloric acid 
(sp.gr. 1*20); the solution contains tin and 
antimony, and the residte arsenic and the rarer 
elements. The residue is dissolved by strong 
hydrochloric acid and potassium chlorate ; the 
solution concentrated to the crystallising jpoint 
yields a yellow precipitate (KgPtClal^pwfmwm. 
The filtrate, treated successively with ammonia 
and magnesia mixture (MgCl2,2NH4Cl with 
N 114*011), yields a colourless orystailino pre- 
cipitate {Mg(NH4)AB04,GH20) == arsenic, ^e 
filtrate from the double arsenate is evaporated 
to remove ammonia, and then boiled with oxalic 
acid, and the brownish-black precipitate {gdd) 
extracted with hydrochloric acid to dissolve 
any co-precipitated tellurous acid. The filtrate 
from the gold is concentrated and acidified with 
strong hydrochloric acid, and after removing 
any precipitated potassium chloride, sodium 
sulphite (m slight excess) is added when a red 
precipitate = sdenium. The filtrate from se- 

1 icnium is diluted and treated Eucoesaively 
with potabsium iodide and solid sodium sulphite 
(excess); the double ipdide, K^Telj, becomes 
reduced, and a black precipitate tdhiriwn. 
The final filtrate is boiled with hydrochloric 
acid to expel sulphur dioxide, and to the cooled 
solution 10 psc. potassium thiocyanate and 
stannous chloride (or a scrap of zinc) are 
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mooeinvely added, when a red coloura- 
tion (MOlCNS)*) Boluble in ether « wolyfc- 
jfeftWffj 

GSOUFB HI and IV.—The filtrate from 
froup II is boiled to expel hydrogen sulphide, 
rested with moderately strong ammonia, the 
dour of the precipitate being noted, and the 
mmoniaoal mixture heated nearly to boiling 
ad treated with ammonium sulphide, or pre- 
jrably, in the presence of nickel, with hydrogen 
dphido to saturation. In the presence of 
inadium the filtrate has a reddish colour, 
id on adding h;^drochlorio acid brown vana- 
ium sulphide is precipitated. The acid filtrate 
boiled to expel hydrogen sulphide, and treated 
ith ferric chloride and ammonia to precipitate 
Mt traces of vanadium. The presence of this 
letal in the sulphide aijd ferric liydroxide pre- 
ipitates is confirmed by dissolving in nitric 
sid (sp.gr. 1-20), diluting and adding hydrogen 
eroxide, when an orange-yellow colouration = 
inadium. 

The group precipitate is dissolved in 
ydroohloric acid (sp.gr. 1‘12), adding, if 
ecessary, some nitric acid or bromine water, 
he solution is then boiled with hydrochloric 
oid to remove nitric acid, and treated in a 
latinum dish with 40 p.c. hydrolluoric acid, 
ad evaporated to dryness. An insoluble 
jsidue indicates the fluorides of the rare earth 
letals (thorium, cerium, yttrium, erbium, &c.) ; 
ae aqueous extract, which contains all the other 
letals of this analytical group, is evaporated 
acoessively with hydrochloric and nitric ecids. 
he insoluble fluorides are decomposed by hot 
iilphurio acid, and the resulting sulphates of 
tie rare earth metals subjected to special tests 
3r these elements. , 

The nitric acid i-olution of the other metals 
f the«group is treated successively with caustic 
0^ smution, dry sodium peroxide, and aqueous 
odium carbonate, when a precipitate B and 
. filtrate A are obtained. This treatment 
sparates these metals into two sub-groups, and 
be method is valid even when phosphates are 
resent. 

A. The aluminium s^ib -group (may contain 
odium gluoinate, ziuoate, aluminate, vanadate, 
hromate, and peruranate). The solution is 
oidifled with nitric acid (sp.gr. 1-42) and diluted 
onsiderably, solid sodium hydrogen carbonate 
idded in moderate excess and the mixture heated 
u a stoppered bottle. The precipitate (contain- 
ug zinc, gluoinum, and aluminium) is dissolved 
n hydro^lorio acid, and the solution rendered 
onmonittcal ; the zinc remains in solution, 
vhile the hydroxides of gluoinum and alu- 
ninium are precipitated. These hydroxides are 
lisBolved in strong hydrochloric acid, ether 
1*6 vols.) is added, and the cooled solution 
laturated with hydrogen chloride, white crystal- 
iiw’ precipitate (AlCl|,ttHaO) — flZwwtutMm. 
fhe ethereal filtrate is evaporated, treated with 
tmmonia, any precipitate dissolved in 10 p.c. 
lodium hydrogen carbonate, the solution 
latumted with iiydrogen sulphide ; the filtrate 
Irom any precipitate ^sulphide is acidified, 
Muled, and rendered ammoniacal, when a white 
looOttkKit precipitate (G1{0H).) » ^ucinum. 

Tlie filtrate obtained from the first treatment 
with iodium hydrogen carbonate is acidified 
Kith Euiric acid, and just neutralised with 


caustic soda ; 2 o.o. of nitric acid 1 '20 

and 20 o.o. of 20 p.c. lei^ nitrate are added ; 
yellow precipitate » chromium. The lead is 
removed with hydrogen sulphide, the excess of 
gas boiled off, vanadyl salts oxidised to vanadates 
with bromine, any excess of this reagent being 
removed by boiling. The solution, after 
neutralisation with ammonia, is treated suc- 
cessively with 6 c.c. of 30 p.c. acetic acid, 2 
grams of ammonium sulphate (or nitrate), and 
2 grams of sodium phosphate; the mixture is 
healed to boiling, when a white precipitate 
(U02(NB4)P04) = ttrontttm. The final mtrate 
is rendered ammoniacal, saturated with hydrogen 
sulphide, acidified with acetic acid, and boiled ; 
dark precipitate = vanadium. 

B. The iron-manganese auh-group (may con- 
tain the hydroxides and phosphates of iron, 
manganese, cobalt, nickel, zinc (traces), titanium, 
and zirconium, together with oaloium, strontium, 
barium, and magnesium, as carbonates and 
phosphates). The precipitated hydroxides, &c., 
are dissolved in hydrochloric acid, the solution 
evaporated down with strong nitric acid, and 
treated with 0-5 gram of solid potassium 
chlorate ; brown precipitate =s* rmr^anest. A 
portion of the filtrate tested for phosphoric acid, 
when, if present, the remainder is treated with 
ammonium hydroxide till nearly alkaline, and 
boiled wfch feme lehloride and ammonium 
acetate. The filtrate contains the ordinary 
metals of Groups III. and IV., together with 
magnesium; the precipitate consists of the 
hyaroxides, phosphates, and basic acetates of 
iron, zirconium, titanium, and possibly thallium 
(tervalent). This precipitate is dissolved in 
hydrochlorio acid (sp.gr. IT 2), and the solution 
shaken with an equw volume of ether. The 
ethereal extract contains ferric and thallio 
chlorides ; the hydroohlorio acid solution the 
zirconium and titanium. The latter is evapo- 
rated down with sulphuric acid until the hydrogen 
chloride is expelled, the residue taken up with 
water and treated with hydrogen peroxide and 
subsequently with sodium phosphate; orange- 
yellow colouration {TiO^) = titanium; white 
floooulent precipitate (Zr(OH)*P04) = z*rco- 
nium. The final filtrate is reduced with 
sulphurous aoid, when a white floooulent pre- 
cipitate (Ti(OH)*P04) confirms titanium. 

Geoups V. and VI. — In the presence of 
lithium it is preferable to precipitate magnesium 
in the calcium group. The filtrate from Groups 
III. and IV. is concentrated to 10 o.c. and treats 
with 30 c.c. of 20 mo. ammonium oarbonate and 
30 c.c. of 95 p.c. ^cohol. After 30 minutes the 
precipitation is complete, the magnesium being 
present as the doufclo carbonate (MgCO,, 
(NH4)3C03,4 Hj, 0). The treatment of the group 
precipitate has alrea(^ been described under 
Group V. (v. supra). The filtrate is evaporated 
to dryness and ignited. The residue is taken 
up with 10 c.o. of water, and one-third tested 
for lithium by adding 0*5 o.o. of 10 p.o. caustic 
soda and 2 o.o. of To p.o. sodium phosphate, 
heating to boiling and ending 1 o.o. of alcohol, 
white precipitate (LijPOJ =» lithium. The fil- 
trate from t^ phosphate u tested for potassium 

adding acetic acid and sodium oobutinitrite. 
llie remaining two-thirds of the solution, con- 
taining the alkali metals, are tested for sodium 
by potassium pyroantimonate after removing 
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the lithimn as fluoride by ammouia and am- 
monium fluoride. ^ 

Examination for Aeldi. 

Althou^ it is not possible to separate the 
acidic radi^ls into a limited number of groups, 
each having a group reagent, yet the reactions 
may be di^ded into (i.) preliminary tests made 
on the original solution or substance ; and (ii.) 
systematic tests made on suitably prepared 
solutions. The reactions may be conveniently 
carried out in the following order : — 

L Preliminary teats (compare dry reactions). 

1. The original substance or solution is 
warmed with dilute hydrochloric or sulphuric acid. 

A gas is evolved, carbon dioxide, turning lime 
water milky = carbonate ; sulphur dioxide » sul- 
phite ; hydrogen sulphide, blackening lead acetate 
pn^T^sulpnide (not all) ; nitrous fumes ; 
hydr^en cyanide, odour of bitter almonds = 
cyani^. 

2. The original substance or solution 
warmed slowly with strong solution of sodium 
dichromate slightly acidified, carbon dioxide 
evolved, confirms carbonate in presence of 
sulphite. 

3. Heating with concentrated sulphuric acid . — 
The foregoing gases may be evolved, and in 
addition the following : — 

(a) Colourless: • • 

Fuming acid gas etching gl&BB = fiuoride ; 
fuming acid gas not etching = chloride ; odour 
of vinegar = acetate ; carbon monoxide, blue 
flame *= formate, ferrocyamde ; carbon monoxide 
and dioxide ■* oxalate ; sulphur dioxide and 
sulphur sublimate = thiosulphate, 

th) Colour. 

Orange vapour, bromine =» bromide ; violet 
vapour and hydrogen sulphide * iodide ; nitrous 
fumes *= nitrite, nttrede ; oxides of carbon and 
sulphur with charring = tartrate, citrate, malate; 
yellow explosive chlorine oxide = chlorate. 

4. Heating with alcohol and concentrated 
sulphuric Mid, green flame = borate. Before 
performing this test chlorates must be decom- 
posed by Igniting the original substance, other- 
wise an explosion may result. 

5. Heating with concentrated sulphuric acid 
and sand, a colourless gas (SiF 4 ), giving a 
gelatinous precipitate on moist rod, confirms 
fluoride. 

IL Systematic tests. — Before testing a solution 
for aoids, boil with excess of pure sodium 
carbonate to remove heavy metals, filter, and 
oarefuUy neutralise Avith nitrio acid. 

1. Barium chloride in neutral solution yields ; 
(a) a white precipitate, insoluble in nydro- 
chlorio wAA. ^ sulphate, ^iliccfluoride; (/3) a 
white precipitate, soluble in hydrochloric acid 
a wJmite, carbonate, phosphate, oxalate, borate, 
fluoride, silicate, tartrate ; (y) a yellow pr«ipi- 
tate B chromate. 

2. To a portion of the neutral solution add 
calcium chloride in excess, allow to stand for 
some time with occasional shaking, and filter. 
A white preeipitrte (a) insoluble in acetic acid 
&ox^ate {achate in strong solutions); (/3) 
soluble in acetic acid » phosphate, borate, and 
other acids precipitated by barium chloride. 

Calcium tartrate after washing is soluble in 

S ' * , and is re-precipitated on diluting and 

. 


The filtrate from the precipitate in the cold 
is boiled for some time and filtered hot ; a w^te 
precipitate » citrate {nudate in strong solutions). 
The mtrate from this precipitate is allowed to 
cool and then mixed uuth excess of alcohol ; a 
white precipitate » succinate, mdaU, 

3. Silver nitrate in neutral solution yidds : 

(a) A precipitate soluble in nitrio acid. 

(1) W\ite = oxalate, borate, tartrate, ben- 
zoate, &o. 

(2) Yellow c= phosphate, arsenite, 

(3) Brick-rod «« arsenate. 

(4) Dark-red « chronrwle. 

(/8) A precipitate insoluble^ nitrio acid. 

Soluble in ammonia : White = chloride {hy- 
pochlorite), cyanide, thiocyanate ; yellowish-white 
=» bromide ; orange-red = ferricyanide ; white 
= ferrocyanide (sparingly soluble). 

Insoluble in ammonia : Yellow =* iodide ; 
black = sulphide. 

4. Ferric chloride in neutral solutions yields : 

(o) A colouration : blood -red = acetate, for- 
mate (precipitate on boiling), thiocyanate (no 
precipitate on boiling) ; violet = salicylate, 
thiosulphate (fugitive); bluish- black = fanwafe, 
aallate ; greenish-brown = ferricyanide (dark- 
blue precipitate on adding stannous chloride). 

O) A precipitate : buff = benzoate, carbon- 
ate ; reddish-brown = succinate ; white «» phos- 
phate ; black =■ sulphide ; bluish- or greenish- 
black = iannate, gallate. 

Sulphur acids. (1) Detoot sulphate by barium 
chloride, and sulphide by lead acetate, iK, 
Make part of the solution slightly alkaline with 
potash, add zinc sulphate in considerable ex- 
cess, and fflter. Test one part of the filtrate 
for thiosulphate by means of hydrochloric acid ; 
to the other part add acetic acid till faintly 
acid, sodium nitroprusside tfi small quantity, 
and potassium ferrocyanide ; a pink precipitate 
indicates a sulphite. 

(2) Separation of soluble sulphates, sulphites, 
sulphides, and thiosulphates in neutral solution. 
Precipitate sulphide as CdR, PbS, or ZnS by 
adding cadmium carbonate or lead carbonate 
sludge or zinc chloride solution. Add strontium 
nitrate and leave for 12 hours ; the precipitated 
strontium sulphate and sulphite separated by 
hydrochloric acid, the filtrate contains the 
thiosv^hate, decomposed by strong hydro- 
chloric acid, giving sulphur and sulphur dioxide 
(Autenrieth and Windaus, Zeitsch. anal. Chem. 
1898, 37, 295). 

Chloride, bromide, and iodide. (1) Place the 
substance in a small flask connected with a 
small bulb U*tube containing a little starch 
paste and placed in a beaker of water. Add 
water and ferric sulphate solution to the sub- 
stance in the flask, and heat to boiling. If 
iodine is present, the starch paste becoiuM blue. 
Remove the cork, boil with fresh additions Of 
ferric sulphate till all iodine is expelled. Now 
add a few crystals of potassium pennan^* 
nate, connect with a bulb tube containing 
cUoroform, and again boil. If bromine k 
present, the chloroform is coloured brown. Boil 
with addition of more wrmanganate until all 
bromine is expelled, filter and test filtarate for 
chlorine (HaArt, Amer. Chem. J. 1884, 6, 346). 

(2) After i^ine has been detected by means 
of nitrogen oxides in sulphuric acid, evaporate 
part of the sojiution to dryness with sodium 
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OMrbon&te, fuse with ten times its weight of 
potassium dichromate till all iodine is expelled, 
place in a small dry retort, and heat with strong 
sulphuric acid. Part of the distillate is agitated 
with water and carbon disulphide ; if bromine 
is present, the latter becomes orange-red. The 
remainder of the distillate is neutralised with 
ammonia, and tested for chromic acid by acidi- 
fying with acetic acid and adding lead acetate. 
The presence of chromic acid indicates the pre- 
sence of chlorine in the original substance. 

(3) A neutral solution of the three halides 
is treated with j)otas 8 iuin iodato and dilute 
acetic acid; as mrline is liberated, more iodate 
is added and the solution boiled until all the 
iodine is eliminated. The solution is mixed 
with half its volume of SiV-nitrio acid, bromine 
is evolved and the solution boiled till colourless 
A little potassium ioilidc added to destroy the 
iodate in excess, ami the solution boiled till 
colourless, then an equal volume of strong nitric 
acid and a few drops of silver nitrate are added, 
when a white precipitate indicates a chloride; 
The strong nitric acid holds in solution any 
trace of silver iodate. If thiocyanic acid is 
present, the test for iodine must be made in a 
small portion of the original solution, adding 
sodium acetate as well as acetic acid to depress 
the dissociation of the latter (Benedikt and 
Snell, J. Amer. Chem. Soc. 1903, 26, 809). 

Other acids must be detected by special tests. 
Iodine, and ferrocyanides and ferrioyanides must 
be removed Wore testing for nitrates. 

To remove iodine, ferrocyanic, ferricyantc, 
and thiocyanic acids, add excess of a mixture of 
cupric and ferrous sulphates, and filter. To 
remove excess of copper and iron (which is not 
always necessary) Jheat to boiling, add slight 
excess of pure caualio potash or soda, and filter. 

Tq remove bromine and iodine, acidify with 
dilute sulphuric acid, and boil with successive 
additions of potassium permanganate until the 
liquid has a faint permanent pink tinge ; filter. 

To remove, hypochlorous and nitrous aetds, 
acidify with dilute sulphuric acid, and boil. 
Nitrous acid can also bo decomposed by boiling 
with a strong solution of ammonium chloride. 

For an alternative classification of the acidic 
radicals into analytical groups, compare T. Milo- 
bendski {J. Rush. Phys. Chera. Soc. 1909, 41, 
130 1 )t 

Special Reactions. 

In the following lists only the most charao- 
tefistio and useful reactions havo been given ; 
negative reactions, and others not particularly 
icfaaracteristio, have, as a rule, been omitted {sec 
also Dry roadtions). 

Metals. 

The metals are arranged in the order of their 
ooourrenoe in the systematic separation. 

Silver. 

Hydrochloric acid, a white precipitate (AgCl), 
insoluble in hot water and in nitric acid ; soluble 
in ammonia and reprecipitatecl by nitric acid in 
escoes^ Potassium chromate, a dark- red pre 
oiintate (Ag,Cr()<); soluble in mineral acids 
and decomposed by caustic alkalis. Potassium 
cmnid0^ white precipitate (AgCN)# soluble in 
exoess to KAgfON),* 

ielui. • 

Hydrochloric acid, a white precipitate (PbCl*), 


soluble in hot water, from which it ciystalltses 
on cooling; insoluble in^ammonia. Hydrogen 
sulphide, a black precipitate (PbS), insoluble in 
ammonium sulphide (m presence of hydrogen 
halides, intermediate red compounds are pro- 
duced, e.g. PbS,4PbIj, J. Amer. Chem. Soc. 
1896, 17, 611 ; 1901, 23, 680) ; soluble in nitric 
acid. Sulphuric acid, a white precipitate 
(PbSO,), soluble in hot hydrochloric acid ; in- 
soluble in dilute sulphuric acid ; soluble in 
ammonium acetate (Noyes and Whitcomb, 

J. Amer. Chem. Soc. 1906, 27, 747). Potassium 
chroinate, yellow precipitate (PbCrO^), in- 
soluble in acetic acid ; soluble m potassium* 
hydroxide. 

Thallium. 

IJydrochhric acid, white precipitate (TlCl), 
only slightly soluble in hot water. Potassium 
iodide, pale-yellow precipitate (Til), even in 
dilute solutions. Sulphuric acid, no precipitate 
(diff. from Pb). Sodium cdbaltinitrite gives red 
crystalline precipitate (TljCo(N 02 )«) (J. Russ. 
Phys. Chem. Soc. 1910, 42, 94). 

Tungsten. 

Hydrochloric aetd, a yellowish-white pre- 
cipitate (H 2 WO 4 ), insoluble m excess of the 
dilute acid; soluble in the concentrated acid 
and in tartaric acid ; fragments of zinc added 
to this solution produce a blue colouration. 
StannousmcMonde, m yellow precipitate, which 
becomes blue if mixed with hydrochloric acid 
and heated. Ammonium sulphide, no precipitate 
with sodium tungstate, but on acidifying, light- 
brown precipitate ( WS 3 ), insoluble in hydrochloric 
acids, soluble in ammonium sulphide. 

Mercury. 

M ercurous compounds, Hydrocfdoric 
acid, white precipitate (HggClj), insoluble in 
hot water ; insoluble in ammonia, but blackened 
(NHjHgjCl). Stannous chloride, grey precipi-^ 
tato (Hg). MetaUtc copper, becomes coat^ with 
mercury, which can be sublimed. 

M er cur ic compounds. Hydroge.n sulphide, 
white precipitate, becoming yellow, red, and then 
black (HgS) ; lasoluble in ammonium sulphide ; 

appreciably Holubb* in all aliHulphides(Hg(SNa),), 

insoluble in nitiic ac*id ; soluble in aqua regia. 
Stannous chloride, white precipitate (Hg^Cla), 
becoming grey (Hg) with excess of the reagent. 
Potassium iodide, scarlet precipitate (Hgl 2 ), 
soluble in excess. MeiaUk copper, as mercurous 
salts. For detection of minute traces of mercury, 
os in toxicological inquiries by electrolytic and 
spectroscopic methods, se£ Browning (Chem, 
Soc. Trans. 1917, 111, 2:i(>). 

Bismuth. 

Hydrogen sulphide, brown precipitate (Bl^S,), 
insoluble in ammonigm sulphide ; soluble in 
nitric acid. Ammonki, white precipitate 
(Bi(HO)a), soluble in hydrocliloric acid. Water 
in Itltge excess (with previous addition of am- 
monium chloride if chlorides are absent), white 
precipitate (BiOCl), soluble in hydrochloric acid ; 
insoluble in tartaric acid. Reducing agents 
(sodium stannite, hypophosphites, hydrosul- 
lutes, formaldehyde in alkaline solution) reduce 
ismuth compounds to elemental bismuth. 

Copper. 

Hydrogen sulphide, black precipitate (CuSk 
insoluble in ammonium sulphide and in dilute 
sulphuric acid ; soluble in nitric acid and in 
potassium cyanide. Ammonia, blue precipitate, 
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eolttble in excess to, dark-blue solution. Pokw- 


tium ferrocyaniifK, chooolate-brown precipitate, 
insoittble in dilute aoi(fe ; in very dilute Bolutions 
colouration only ; decomposed by sodium 
hydroxide, yieldmg blue copper hydroxide. 

Cadmium. 

Hydrogen sulphide, yellow precipitate (CdS), 
insoluble in ammonium sulphide and potassium 
cyanide ; soluble in nitric acid and hot dilute 
sulphuric acid. Ammonia, white precipitate 
(CdHaOj), readily soluble in excess. Caustic 
potash or soda, white precipitate (CdHjOa) 
insoluble in excess. An ammoniacal solution 
of ammonium perchlorate precipitates white 
aouble perchlorate (Cd(C104)a'4.NH3). 

Tin. „ , , 

Stannous compounds. Hydiogcn sul- 
phide, dark-brown precipitate (Sn8), soluble in 
yellow but not in colourless ammonium sul- 
phide. Mercuric chloride, white precipitate 
(HgaClj), becoming grey (Hg) 

Stannic compounds. Hydrogen sulphide, 
yellow precipitate (8082), soluble in ammonium 
sulphide; appreciably soluble in ammonium 
carbonate (Ber. 1894, 27, 2739); soluble m 
concentrated hydrochloric acid ; dissolves in 
aqueous caustic soda. Slarmic chloride, boiled 
with copper becomes stannous chloride. When 
zinc and platinum are placed in the solution, 
no black stain on the platmuni ; crys^i^ils of tiu 
on the zinc. 

Antimony. . . 

Hydrogen sulphide, orange precipitate (bb^bs), 
soluble in ammonium sulphide and in concen- 
trated hydrochloric acid ; insoluble in ammo- 
nium carbonate. Water in excess (witli ammo- 
nium chloride if chlorides arc absent), white 
precipitate (SbOCl), soluble in hydrochloric acid 
and in tartaric acid. Zinc and platinum, a 
black stain on the platinum (Sb), soluble m 
nitric acid and in ammonium sulphide. 

Arsenic. 

Hydrogen sulphide, yellow precipitate, soluble 
in ammonium sulphide and m ammonium car- 
bonate ; insoluble in concentrated hydrochloric 
aoid. Metallic copper, boiled with the liquid after 
acidifying with hydrochloric acid, is covered with 
a shining grey deposit (AsjCya), which, when 
heated in a tube, yields a sublimate of arsenious 
oxide (Reinsoh’s test) (Clark, Chera. Soc. 1 rans. 
1893, 63, 884, 886). Nascent hydrogen produced 
from wnc and dilute sulphuric acid reduces 
aiaenic compounds to volatile arsine (,^113), 
which decomposes on gently heating, giving an 
arsenic deposit soluble in aqueous hypochlorites. 
Antimony compounds under these conditions 
alan give a black deposit (antimony), insoluble 
in hypochlorites (Marsh’s t^st). Zinc and caustic 
soda reduce arsenic compounds, liberating arsine, 
which produces a yeflow-to-brown stam on 
mercuric chloride paper (Gutzeit’s test, Ohem. 
Soc. Trans. 1901, 79, 716). 

Arsenites, Ammonio-silver nitrate, yellow 
precipitate (Ag3AB03), soluble in nitric acid and 
ammonia. Ammonio-cupric sulphate, bright- 
n preoipitaU (CuHAsOj), turns red by 
_ing with caustic soda. 

A rsenates, Ammonio-silver nitrate, brick- 
red precipitate (AgjAsOri, soluble in nitric acid 
and ammonia. Ammonium chloride, ammonia, 
lutd magnenum sulphate, white crystalline pre- 
cipitate (NH|MgAsO^). Ammonio-cupric sul- 


phate, pale>blue precipitate, turned black by 
boilii^ with oaiutio aooa. 

When arsenic acid or arsenates are present, 
they should be reduced by hating with sul- 
phurous acid or ammonium iodide or hydriodic 


87, 1370). 

Platinum. 

Hydrogen sulphide, brown precipitate (PtSj) 
on heating, soluble in ammonium sulphide. 
Ammonium chloride or potassium chloride, 
yellow crystalline precipitate (MjPtClj), less 
soluble in presence of alcohol. Potassium iodide, 
in dilute solution red colouration (KjPtI,), 
very delicate test. Stannous chloride, in dilute 
solution, brownisli-red ^ colouration, delicate 
test. 

Palladium. 

Hydrogen sulphide, black precipitate (PdS), 
insoluble in ammonium sulphide ; soluble in 
hot hydrochloric acid and in aqua regia. Potas- 
sium iodide, black precipitate (Pdla), somewhat 
soluble in excess. Mercuric cyanide, yellowish 
white, gelatinous precii)itate (PdCy^), readily 
soluble in ammonia. Ammonium chlonde, no 
precipitate (ditT. from Pt) ; on addition of chlorine 
water, orange precipitate ({NH4)jPdCl8). Potas- 
sium chloride, precipitate (2RCrPdCla) only in 
very concentrated solutions. 

o-Nitrobo-3-naphtliol dissolved in 60 p.c. 
acetic acid gives a volummous red-brown pre- 
cipitate in solutions containing only as little as 
1 part palladium in 1 ,000,000. 

Iridium. , , . . . ' 

Hydrogen sulphide, decolounsation followed 
by brown precipitate (Ir^Ssk soluble in ammo- 
nium sulphide. Caustic psiiask, a greenish 
colouration which, on heating with exposure to 
air, changes slowly to azure blue (diff, from Pt). 
Ammonium chloride or potassium chloride, dark- 
brown or red precipitate (double chloride), 
insoluble in a saturated solution of the precipi- 
tant. Botli salts become ohve green With 
potassium nitrite and o(j^er reducing agents, 
especially in hot solutions. Strong sulphuric 
acid and ammonium nitrate, on heating, blue 
colouration. 

Osmium. 

Hydrogen sulphide, in acid but not in neutral 
solution, black precipitate (OSS4), insoluble in 
ammonium sulphide. Nitric acid on boiling 
oxidises osmium compounds to osmio tetroxide 
(OSO4), characteristic odour and yellow solution 
in caustic soda. 

Ruthenium. , . ^ 

Hydrogen sulphide, blue solution followed by 
brown precipitate of ruthenium sulphide. 
Sodium mosulphale in ammoniacal solution to 
dilute solutions of ruthenium, a purplish-^ 
colouration. Zinc reduces RuClj, giving a blue 
solution and then precipitating ruthenium. 
Rhodium. , 

Hydrogen sulphide, on warming, black pre- 
cipitate (RhjSs), insoluble in ammonium ml 
phide; soluble in boiling nitric acid. Potassium 
nitrite, warmed with sodium rhodium chloride, 
gives orang^yellow precipitate (K3Rh(NOj)6) 

® Gold 

Hydrogen 8i4phide, black precipitate (Au|Sa) 
in cold, brown, precipitate (Au^S) in hot, iolu- 
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tioa; Bolable in yellow ammonium sulphide. 
OoxUie cM or ferrous sulphate, brown or purple 
precipitate, yellow and lustrous when rubb^. 
Stannous and stannic chlorides, purplish pre- 
^itate, insoluble in hydroonloric acid. 
Hydrogen peroxide, in veiy dilute alkaline solu- 
tion, liberated finely divided gold having a 
beautiful blue shimmer. 

A solution of colourless m-phenylenediamino 
(5 : 1000) gives an immediate violet colouration 
with a <Wute solution of a gold salt. 

Molybdenum. 

Hydrogen sulphide, brownish -black precipi- 
tate (M0S3) neating, soluble in ammonium 
sulphide. Sodium phosphate, in presence of 
nitric acid, yellow precipitate on heating, 
soluble in ammonia ana in excess of the alkaline 
phosphate. Potassium^ thiocyanate and zinc or 
stannous chloride, red colouration due to 
Mo{CNS) 4 soluble in ether. Concentrated sul- 
phuric acid, when strongly heated with moly- 
bdenum compounds, develops a deep-blue 
colouration. Phenylhydrazine, in 50 p.c. acetic 
acid, red colouration (Ber. 1903, 36, 612). 

Hydrogen peroxide, in presence of ammonia 
gives a oherry-red colouration. 

Selenium. 

Hydrogen sulphide, yellow precipitate, be- 
coming dark on Mating, soluble in ammonium 
sulphide. Sulphurous acid, in presence of hydro- 
chloric acid, a rod precipitate, whioli becomes 
grey on heating, and is soluble in potassium 
cyanide. Stannous chloride and other reducing 
agents behave in a similar manner. Barium 
chloride, (i.) white precipitate (BaSeOj), soluble 
in dilute hydrochloric acid ; (ii. ) white precipitate 
(BaSeO 4), insoluble in dilute hydrochloric acid ; 
soluble in the string acid, evolving chlorine. 
Concentrated suVphf^ric acid, green colouration, 
l^llurium. 

Hydrogen sulphide, brown precipitate (TeSj) 
at once from tellurites, but from tellurates only 
after boiling with hydrochloric acid. Potassium 
iodide, to tellurite in acid solution, black pre- 
cipitate (TeL). Reducing agents (SnCl„Zn), 
black precipitate (Te). Concentrated, sulphuric 
acid, carmine colouration. 

Aluminium. 

Ammonia, white gelatinous precipitate 
(AlHjOj), insoluble in excess and in ammonium 
carbemate soluble m acids. Caustic potash or 
soda, wliite gelatinous precipitate {AI3HO3), 
soluble in excess ; reprecipitated on adding 
ammonium chloride and heating. 

Chromium. 

Chromic salts. Ammonia, greenish or 

n lish precipitate (CrHgO,), solume in acids ; 

uble in ammonium carbonate. Caustic 
potash or sodi, green precipitate (CrHgOj), 
soluble in excess, but repreoipitated on boiling. 

Chromates. Hydrogem sulphide in acid smu- 
titsA, reduction to onromio salt with change of 
colour to green. Lead aceiate, bright yellow 
p^ipitate (PbCr04), insoluble in aoetio acid. 
SHoer nitrate, dark-red precipitate (AgjCr04), 
solulde in nitric acid. 

Iron. 

Ferrous salts. Ammonium sulphide, bl&ok 
precipitate (FeS), soluble in acids. • Ammonia or 
caustw potash or soda, white precipitate, rapidly 
beoomi^ green and then br<,}wn. Potassium 
^urrocyanide, white precipitate, gradually be- 


coming dark blue. Potassium ferricyanide, 
dark-blue precipitate (Pe|{FeCy4)|). Potassium 
thiocyaruUe, no reaction. 

Ferric salts. Ammonium sulphide, hhek 
precipitate (2FeS + S, or FejS,), soluble in 
acids. Ammonia or caustic potash or soda, 
reddish-brown precipitate {FeHjO,), soluble in 
acids. Potassium ferrocyanide, dark-blue pre- 
cipitate (Fe4(FeCy4),), insoluble in dilute acids. 
Potassium ferricyanide, no precipitate ; greenish- 
brown colouration. Potassium thiocyanate, 
blood-red colouration ; not affected by boiling 
or by hydrochloric acid. 

thorium. 

Ammonia, caustic soda, or potash, white 
gelatinous precipitate {Th(OH)4), insoluble in 
excess. Ammonium or sodium carbonate, white 
precipitate, basic carbonate ; soluble in excess. 
Oxalic acid, white precipitate (Th(CjO 4)3,21120), 
insoluble in excess and insoluble in mineral acids, 
hut soluble in ammonium oxalate. Potassium 
fluoride or hydrofluoric acid, white precipitate 
(ThF4). Potassium sulphate, white crystalline 
precipitate (2K2S04,Th(S04)3,2H20). 

Cerium. 

Ammonia, white precipitate of basic salt, in- 
soluble in excess. Caustic potash or soda, white 
precipitate (Ce(OH)8), insoluble in excess ; be- 
comes yellow when exposed to air. Oxalic acid, 
white pa.'cipitate (tto2(^3^4)3)> insoluble in ex- 
cess, but soluble in a large quantity of hydro- 
ohloric acid. Potassium sulphate, white pre- 
cipitate even in somewhat acid solutions 
(CeKj(S04)a), insoluble in saturated solution 
of potassium sulphate. Hydrogen peroxide, in 
ammoniaoal solution, orange -brown precipitate. 
Glucinum. 

Ammonia, white precipitate (GlHjOo), in- 
soluble in excess. Caustic potash or soda, the 
same precipitate, soluble in excess, but repre- 
oipitated on boiling (diff. from Al). Ammonium 
carbonate, white precipitate, easily soluble in 
excess (diff. from Al). 

Glajcial acetic acid dissolves Gl(OH)2 or GICO^, 
and the residue, after evaporating to dryness, is 
the basic acetate (GltO(CH,'CO,).), readUy 
soluble in chloroform, other, acetone, tne alcohols, 
and other organic media; dissolves unchanged 
in glacial acetic acid ; it melts at 283®-284®, and 
can be sublimed without decomposition. Sodium 
hydrogen carbonate, 10 p.c. dissolves Gl(OH)2 ; 
dilution to 1 p.c. causes reprecipitation. 
Uranium. 

Ammonia, caustic potash, or soda, yellow pre- 
cipitate, insoluble in excess, but readily soluble 
in ammonium carbonate. Ammonium sulphide, 
brown precipitate, readily soluble in ammonium 
carbonate. Potassiygn ferrocyanide, ohooolate- 
brown precipitate, readily decomposed by 
alksdis, yielding yellow alkali diuranates. 
fitauium. 

Ammonia, caustic potash, or soda, or amwo- 
n%um sulphide, white precipitate (HjTiOa)» 
insoluble in excess ; soluble in dilute suTpburio 
and hydroohloric acids. Potassium ferwyanide, 
dark-brown precipitate. -Sodium thiosulphate, 
complete precipitation on boiling. Hydre^en 
peroxide, to a slightly acid solution of titanium 
sulphate ; orange-red colouration ; weakened by 
fluorides. A solution of thymol in aoetio acid 
mixed with sidphuric acid gives a more intense 
colouration, also bleached by fiuoridea. Redut* 
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ing agents (SnCl, or Zn and HOI) produfe a 
violet oolonration (TiClg). 

Catechol added to mlute solutions of titanic 
or titanous salts, yellowish>orange colouration, 
veiy delicate test, but interfered with by mineral 
acids or alkalis (Her. 1909, 42, 4341). 

ZlrcoDium. 

Ammonia, ammonium sulphide, caustic soda, 
white gelatinous precipitate, dissolving in dilute 
acid, but less readily after boiling ; precipitation 
prevented by tartaric acid. Oxalic acid., white 
precipitate (Zr(Ca04)2), readily soluble in am- 
monium oxalate or in excess of oxalic acid. 
Hydrogen peroxide, white milky precipitate 
(ZroOj), evolving chlorine when boiled with 
hydrochloric acid. Turmeric paper, moistened 
with acid solution of zirconium salt, becomes 
reddish-brown on drying. 

Zinc. 

Ammonium sulphide, white precipitate (ZnS), 
soluble in dilute hydrochloric acid ; insoluble in 
acetic acid and in alkalis. Caustic potash or 
soda, white precipitate (ZnHjOj), soluble in 
excess. Potassium ferrocyanide, white pre- 
cmitate, insoluble in ddute hydrochloric acid 
(ZnoFeCye). 

Manganese. 

Ammonium sulphide, pink precipitate (MnS), 
soluble in dilute hydrochloric acid and in 
acetic acid. Caustic poiash^ot soda, white pre- 
cipitate (MnHjOg), insoluble in excess, becoming 
brown on exposure to air. Boiled with dilute 
nitric acid and lead peroxide (in absence of 
chlorine), a purplish crimson solution of per- 
manganic acid. 

Nickel. 

Ammonium sulphide, black precipitate (NiS), 
somewhat soluble in excess ; insoluble in cold ] 
dilute hydrochloric acid ; soluble in strong acids. 
Caustic potash or soda, pale-green precipitate 
(NiHgOa), insoluble in excess. Potassium cyanide, 
precipitate (NiCy^), soluble in excess, forming 
NiCyg,2KCy, which is not altered when boiled 
with exposure to air. This solution, heated 
with excess of sodium hypochlorite solution, 
or mixed with bromine in the cold, yields a 
.precipitate of black nickelic hydroxide (NiHjOg). 
Dimethylglyoxime (CHs’ClNOH) •C(NOH) ’CH,) 
(Tsohugaeff, Ber. 1905, 38, 2520), added to am- 
mo niacal or acetic acid solution of nickel salts, 
scarlet precipitate (distinction from cobalt). 
Dicyanoaiamddinc (H. Grossmann and W. 
Heilbom, Ber. 1908, 41, 1878) added to am- 
inoniacal solutions of cobalt and nickel salts 
containing excess of sucrose, yellow crystalline 
precipitate (Ni(N4H5C80)a,2H80), the presence 
of ooMlt indicated* by the reddish-violet colour 
of the solution. ^ 

An alcoholic ivmmoniaoal solution of a- 
benzildioxime gives an intense red precipitate 
CisHMN^O.Ni (Tsohugaeff, Zeitsch. anprg. 
Chem. 1906, 46, 144; Atock, Analyst, 1913, 
316). 

Cobalt. 

Ammonium sulphide, black precipitate (CoS), 
insoluble in cold dilute hydrochloric acid ; 
soluble in strong acids. Caustic potash, pale-blue 
precipitate (OoHgOg), slightly soluble in excess, 
forming a blue solution. Potassium cyanide, 
p^pitate (OoCyi), soluble in excess, forming 
CoCyi,4K.Cy, and when this solution is boiled 
with exposure to air it is changed to KjCoCyg* 


which is not precipitated by sodium hypoohloride 
or bromine. Potassium tiifrife to dJlute acetic 
acid solutions, yellow crystalline precipitate 
(KjCo(NO,),). Nitroso^P-naphihd NO Ci«H,-OH 
(IluLsld and Knorre, Ber. 18, 699) dissolve in 
dilute acetic acid added to fe^ly acid solu- 
tions of cobalt and nickel, brrok-red precipi- 
tate (Co(NO C,oH, 0)3); solution examined for 
nioktil (Chaplin, J. Araer. Chem. Soc. 1907, 29, 
1029). 

Vanadium. 

Ammonium sulphide, dark-brown solution, 
which when acidified yields a brown precipitate 
(V2S4). Ammonium chloride, white precipitate 
of ammonium meta-vanadate (NH^VOj). Potas- 
sium ferrocyanide, in acid solution, a green 
precipitate. If a solution of an alkaline vana- 
date IS agitated with kydnogen peroxide and ether, 
the solution acquires a deep purplish-red colour, 
but the ether remains colourless. Mild re- 
ducing agents (SOg, HgS, HBr, alcohol, &o.) 
reduce vanadates in acid solutions to blue 
divanadyl salts. Strong reducing agents (zinc 
and aluminium with acids) produce a series of 
colour changes — blue, green, and violet. 

Columblum. 

Hydrogen Jlnoride and potassium fluoride 
produce potassium columbo-fluoride, which 
when boiled in aqueous solution yields potassium 
colurabiura oxy fluoride (K2CbOF.,HjO) (solu- 
bility I in 12*5 cold water). Mineral acids, 
partial precipitation of oolumbic acid from 
alkali columbates : zinc and acid, blue coloura- 
tion, turning brown; potasnum ferrocyanide, 
greyish-green precipitate. 

Tantalum. 

Hydrogen fluoride and potassium fluoride 
produce potassium tantalofluoride (K/IaF,) 
(solubility 1 in 154 cold wator), separating in 
colourless needles. Mineral acids, white •pre- 
cipitate of tantalic acid. Potassium ferrocy- 
anide, reddish-brown precipitate (v, Weiss and 
Landecker, Zeitsch. anorg. Chem. 1909, 64, 66). 
Calcium. 

Ammonium carbonate, white precipitate 
(CaCO,), soluble in acidg. Sulphuric acid, 
white precipitate only in very conoentrated fwlu- 
tions. Ammonium oxalate, white precipitate 
(CaCjO*), insoluble in acetic and oxalic acids, 
but soluble in hydrochloric acid. 

Strontium. 

Ammonium carbonate, white precipitate, 
soluble in acids (SrCO,). Ammonium smphale, 
white precipitate, especially on boUiim. Am- 
monium oxalate, white precipitate (Sr0|O4), 
soluble in hydrochloric acid ; insoluble in acetic 
acid. Sulphuric acid or calcium sulphate, white 
precipitate (SrSO*), forming slowly. 

Barium. 

Ammonium carbonate, white precipitate 
(BaCOj), soluble m acids. Ammonium oxalak, 
white precipitate (BaC904), soluble in hydro- 
chloric acid ; insoluble in acetic acid. Sulphur^ 
add or calcium sulphate, an immediate white 
precipitate, insoluble in acids and alkalis. Potas- 
sium chromate, yellow precipitate (BaCt04), 
insoluble in acetic acid. ^ 

Magnesium. 

Sodium phosphate, in presence of ammonia 
and ammonium chloride, white j^cipitato, 
rapidly becoming crystalline (^NH4MgP046H,0). 
Forms slowly [n dilute solutions, formation 



m ANALYSIS. 


being accelerated by agitation and bv rubbing 
tile tides of the beaker with a glass rod ; soluble 
in acids. 

Potassium. 

Chloroplalinic acid HjPtCla, yellow crystalline 
precipitate {K «PtClfi), somewhat soluble in water, 
insoluble in alcohol. Sodittm hydrogen tartrate, 
in neutral or feebly aeid solutions, a white crys- 
talline precipitato (Kti(\H40«), forming slowly 
in dilute solutions. If the solution contains free 
mmeral acids, nearly neutralise with soda and 
add sodium acetate (c/. Winkler, Zeitsch. 
angew. Chem. 1913, 20, 208 ; Analyst, 1913, 
296). 

Sodium cohaliinitrite in acetic acid solution, 
yellow precipitate (KoNaOo(N()2)jj). Sodnivt, 
{•aminO‘fi-naphiJu)l-i)-sulphonate (eikonogen) in 
6” 10 p.c. solutions^ crystalline precipitate 
(KS08 *C,oTT 5(NH.^)’()1I) ; negative results with 
ammonium and magnesium salts (Alvarez, 
Oheni. 8oc. Abstr. 1906, ii, 366). 

Ammonium. 

Ammonium salts are readily volatile. Heated 
with lime, caustic potash, or soda, ammonia gas 
Is given off, and is recognised by its smell and 
its action on test paper. 

Chloroplatimc acid, yellow crystalline pre- 
cipitate ((Nll^ljPUdu), slightly soluble in water : 
insoluble in alcohol. Sodium hydrogen tartrate, 
white crystalline precipitate ll4ll('4H40,,), 
forming slowly in dilute solutions. 

Ncsskr's leagent (KgHglg and KOll), brown- 
ish-red precipitate or colouration (Nlig2T,H2C)), 
very delicate test. Equally delicate i.s the blue 
colouration which is developed when an ammo- 
nium compound is treated with a solution of 
phenol and a hypochlorite (eau de Javel). 
Sodium. ' , 

Flame colour aii on, intense yellow. 

Although all sodium salts are more or less 
soluble, some dissolve only sparingly, e.g. sodium 
oxalate and sodium a-naphthylaminc-H-sul- 
phonate. 

Potassium pyroantimonate, white crystalline 
recipitate (Na2H2tSb207 ()H./)) (J. Amer. Chem. 
oc. 1909, 31, 034) ; from neutral or slightly 
alkaline solutions. 

Dihydroxylartaric aetd, colourless precipitate 
(COaNa’ClOHla'ClOHlo COgNa) (Fenton, Chem. 
Soo. Trans. 1896, 07, 48). Solution of hismuth 
nitnute tn 60 p.c. potassium nitrile containing 
ccBsnm nitrite, yellow crystalline precipitate 
(6Bi(NOj)3,9CsNOj,0NaNO2) ; very dedicate 
test, jQot interfered With by lithium and metals 
of alkaline earths (Ball, Chem. 8oc. Trans. 1909, 
96, 2126). Sodium chloride, obtained by slow 
evaporation of a solution acidified witli hydro- 
chloric acid, crystallises in distinct cubes. 
Lithium. 

Chhroplatinic acid, no precipitate. 

Sodium phosphate, in alkaline solution ; white 
precipitate (LiaPO.), soluble in hydrochloric acid, 
not reprecipitated by ammonia except on boiling. 
Lithium chloride is soluble in ethyl or amyl 
alcohol, and in pyridine. Ammonium hydrogen 
finoride, white precipitate (LiF). 

OsBslum. 

Flame colouraticm* violet. 

Qhloroplatinic acid, y< How crystalline pre- 
cipitate (CsjPtClJ, insoluble in boiling water, 
Tartaric acid, crystalline precipitate, some- 
what soluble in water. Stannic chloride, white 


pre^pitate (CssSnCL). Lead chloride dissdved 
in chlorine water, yellow precipitate (CsjPbClti* 
Osesium carbonate is schuble in alcohol (dw. 
from K, Rb). 

Rubidium. 

Flame colouration, violet. 

Chloroplatimc acid, yellow crystalline pre- 
cipitate (Rb.,PtCl0), insoluble in boiling water. 
Tartaric acid, white crystalline precipitate, less 
soluble than the caesium compound (Reactions 
of Cb and Rb, v. Wells, Anicr. J. Sci. [3] 43, 17 
and 46, 186, and 205). 

Acid Radicals. 

The acid radicals are arranged partly in the 
order of the systematic separation and partly 
with a view to brmg together those acids which 
are commonly associated or which resemble one 
another in their reactions. In all cases, unless 
otherwise specified, it is imjiortaiit that the 
^olution should be neutral. 

Sulphates. 

Barium chloride, white precipitate (BaS04), 
insoluble in acids and alkalis. 

Sulphites. 

Hydrochloric acid, sulphur dioxide evolved, 
but no sulphur piecipitated. Barium chloride, 
white precipitate (BaSOg), soluble in hydro- 
chloric acid. Iodine solution, sulphites are con- 
(rerted 4nto sulpha4^s. Neutralise, then slightly 
acidify witli acetic acid ; add excess of zinc 
sulphate, a small quantity of sodium nitro- 
prusside and potassium Jerrocyanide. The preci- 
pitate of zme feirocyanide has a pink colour. 

Strontium chloride, white precipitate (SrSO,), 
different from thiosulphate SiSjOg, being much 
more soluble. 

Hyposulphites (* hydrosulphites,* t.g, Na2S204, 
2H2O) owe their technical application to their 
reducing action on indigotin and its sulphonio 
acids — the colour is discharged (indigo-white). 
Silver nitrate, black precipitate (Ag). Mercuric 
chloride, black precipitate (Hg). Copper sulphate, 
reddish precipitate (Cu and CujH.J, in very 
dilute solution, colloidal copper. 

Thiosulphates. 

Hydrochloric acid, sulphur dioxide evolved 
and sulphur precipitated. Stiver nitrate, white 
precipitate (AgjSjOg), rapidly changing to black 
(AgjS), soluble in excess of alkdine thiosul- 
phate, forming a much more stable solution. 
With sodium nitroprusside, zinc sulphate, and 
potassium ferrocyanide, the precipitate is white. 
Iodine solution converts soluble thiosulphates 
into tetrathionates, w'bich give no precipitete 
with barium chloride. Feme cJdoride, transient 
violet colouration (Fej^S20f)3). 

Persulphates {e.g^ K-SjOg). 

The dry salts evolve oxygen on heating. 
Barium chloride, no precipitate in the cold, on 
warming oxygen evolved and BaS04 precipitated. 
Silver nitrate, black precipitate (silver peroxide). 
Other metallic salts (Pb, Co, and Ni) yield 
their hydrated peroxides. 

Monopersulphuric acid (Caro’s aoid) 
HO-SOj-O^OH, produced by adding a persulphate 
to cold concentrated sulphuric aoi^ and pouting 
the mixture on to ice. Aromatic amines {e*g* 
p-Cl*C4ll4*NH,) give coloured oxidation prodnoto 
with persulphates and nitroao- oompounda (€.g. 
C1-C4H4 NO) with Caro’s acid. 

Thionie acids (t<. Chem. Soo. Trans. 1880, 
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SolphldM. 

Hydrochloric acidf in most cases evolution of 
hydrogen sulphide, esp^ially on heating. Lead 
nitrate or acetate^ black precipitate (PbS). 
Silver nitrate, black precipitate (Ag;,S), in- 
soluble in ammonia, sodium thiosulphate, and 
potassium cyanide. Sodium nitrojirusside^, in 
alkaline solutions an intense but somewhat 
fugitive violet colouration. 

Phosphates. 

Barium chloride, precipitate Ba3{P04)„, 
soluble in dilute acids. Calcium chloride, white 

g recipitate (Ca3(P04)2), soluble in acetic acid. 

ilvtr nitrate, yellow precipitate ( AgjPO^ ), soluble 
in nitric acid and m ammonia. Pyrophos- 
phates and metaphosphates give white 
precipitates of their silver salts with silver 
nitrate, but mobaphosphates alone, unlike ortho- 
and pyro-phosphates, coagulate albumin. Mag- 
nesium sulphate, in presence of ammonium 
chloride and ammonia, white crystalline pre- 
cipitate (NIT4MgP046H5,0), soluble in acids. 
Ammonium molybdate, "va nitric acid solution, 
on heating, a yellow precipitate ((NH4)3P04*| 
J2MoOj) soluble in ammonia, and soluble in' 
excess of an alkaline phosphate. 

Phosphites. 

Barium chloride, white precipitate (BaHPOa), 
soluble in hydrochloric acid. Silver nitrate, 
precipitate of metallic silvers especiallyain pre- 
sence of ammonia, and on heating. Mercuric 
chloride, white precipitate {HgjClj), becoming 
grey (Hg). Heated with mtric acid, phosphites 
are converted into phosphates. Heated alone, 
phosphites evolve phosphine. Copper sulphate, 
pale blue precipitate. 

Hypophosphites. 

Heated alone, evolve phosphine. Barium 
chloride, white precipitate oidy in stronjj solution 
(Ba(HjP0j,)2). Silver nitrate, metallic silver 
precipitated. Copper sulphate, brown preci- 
pitate, cuprous hydride (CujHj). 

Carbonates. 

Hydrochloric acid, effervescence, with evolu- 
tion of carbonic anhydride, which turns lime 
water turbid. Barium chloride, white pre- 
oipitate '(BaCOs), soluble in acids with efferves- 
cence. Mercuric chloride, Tod precipitate (basic 
carbonate) ; bicarbonates give only a yellowish 
opalescence. Calcium svlp^e, white precipitate, 
immediately with carbonate, but only after 
standing with bicarbonate (Leys, J. Pharm. 
Chim. 1897 , (vi.) 6, 441 ). 

Borates. 

Barium chloride, white precipitate in not too 
dilute solutions, soluble in acids. Silver nitrate, 
in strong solution, white precipitate (AgBOa) 
in dilute solution, dark-grey deposit (Ag^O). 

Mix the solid substance with concentrated 
Bulphuric acid in a small crucible, add alcohol, 
and ignite ; the alcohol flame is green, especially 
at the edges. Mix the solid substance with three 
parts potassium hydrogen sulphate and one part 
powdered fluorspar, and heat on platinum wire 
m the cold area of the flame; a bright-green 
colouration (due to BF#) is observed. Turmeric 
paper, moistened with acid solution of boric 
acid, becomes reddish brown on drying. 

SUieates. 

Solutions of silicates heated with acids, am- 
monium chloride, or ammonium carbonate, 
deposit silicic acid. Dilute solutions must be 
Vm-. 


evaporated to dryness, and on treating the 
residue with dilute hydrochloric acid insoluble 
silica is left. 

Most silicates are insoluble in water; some 
are decomposed by acids ; others are only de- 
composed by fusion with about fgur times their 
weight of a mixture of equal pwts of sodium 
and potassium carbonates. 

Sllicofluorides. 

Voucentraied sulphuric acid, in leaden or 
platinum capsule, hydrogen fluoride and silicon 
fluoride arc evolved. Barium chloride, colourless 
erystalline precipitate BaSiF^* Silioofluorides 
on heating evolve silicon fluoride, leaving 
residues of metallic fluorides. 

Thorium nitrate precipitates hydrofluosilicio 
acid quantitatively from soluble hydrofluosili- 
cates. ' • 

Oxalates. 

Barium chloride or calcium chloride, white 
preiupitate, insoluble in acetic acid, but soluble 
in hydrochloric acitl. 

Acidify with sulphuric acid, and add potas- 
sium permanganate ; the colour of the latter is 
rajiidly and completely discharged. 

Heat the solid substance with concentrated 
sulphuric acid ; carbonic anhydride and car- 
bonic oxide arc evolved. The latter bums with 
a blue flame. 

Fluorides. 

Barium chloride, white precipitate (BaFj), 
soluble in hydrochloric acid. Silver nitrate, no 
precipitate with solulile fluorides. Concentrated 
sulphuric acid, especially when heated, produces 
hydrogen fluoride, which attacks glass. The 
substance and acid arc placed in a small leaden 
or platinum crucible, which is covered with a 
watch-glass protected by a thin coating of wa.x, 
part of which has been scratclil'd away so as to 
expo.se the glass. • 

Thorium nitrate added to a solution of an 
alkali fluoride acidified with acetic or nitric acid 
gives a gelatinous precipitate of thorium fluoride 
ThF4. 

Chlorides. 

Silver nitrate, a white# precipitate (AgCl), 
insoluble in nitric acid, soluble in ammonia ; 
darkens when exposed to light. Manganese di- 
oxide and sulphuric acid, evolution of chlorine 
on heating. Potassium diehromatc and strong 
sulphuric acid, evolution of chromyl chloride 
on heating. This forms with ammonia a yellow 
solution of ammonium chromate. 

Bromides. 

Silver nitrate, yellowish-white precipitate 
(AgHr), insoluble in nitric acid; moderately 
soluble in ammonia ; readily soluble in potassium 
cyanide or sodium thiosulphate. Manganese 
dioxide and sulphuric acid, orange vapours 
of bromine, which turn starch paste orange. 
Chlorine mater liberates bromine, which (us- 
solves in ether or carbon disulphide, forming an 
orange-brown solution. Bromides heated with 
potassium dichroniate and strong sulphuric acid 
yield bromine, which forms a oolourless solution 
with ammonia. 

Iodides. « 

Silver nitrate, yellow precipitate (Agl), in- 
soluble in nitric scid or ammonia; soluble 
in potassium cyanide or sodium thiosulphate. 
Manganese dioxide and sulphuric acid yield 
violet vapours of iodine, which colour starch 

JS 
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pant# blue. Chlorine water, bromine water, or 
‘potassium dichromate in presence, of hydrochloric 
acid, liberatcR iodine, which turns starch paste an 
intense blue. The colour disappears on heating, 
and reappears on cooling. The liberated iodine 
may be agitin'ed with carbon disulphide or chlo- 
roform, wJien it yields a violet solution. ISHtro- 
gen oxides in sulphuric acid likewise liberate 
iodine, but do not liberate bromine unless 
added in largo excess. 

Cyanides. 

Silver nitrate, white precijiitate (AgCN), in- 
soluble in nitrk acid, but soluble in ammonia, 
sodium thiosulphate, or excess of the alkaline 
cyanide. 

Add ferric chloride and ferrous sulphate ; 
make alkaline \vith caustic potash or soda, anil 
then acidify with h}drochloric a^'id. A dark 
blue precipitate of Prussian blue is formed. 

Evaporate the solution with un excess of 
yellow ammonium sulphide to comfilete dryness 
on a water-bath ; dissolve in very ililuto hydro- 
chloric acid, and add ferric chlnndo; a blood- 
red colouration is produced. 

Most cyanides evolve hydrocyanic acid, re- 
cognisable by the smell, when treated with 
hydrochloric or sulphuric acid. 

Mercuric cyanide cannot be recognised by 
these tests. It yields cyanogen v hen heated in 
a closed tube, and is decomposed when healed 
with strong sulphuric acid. 

Ferrocyanides. 

Silver nitrate, white precipitate ( Ag^FeCy *), in- 
soluble in nitric acid and sparingly soluble in 
ammonia ; soluble in potassium cyanide. Feme 
chloride, dark-blue precipitate (Fe4(FeCyg)3). 
Ferrous sulphate, white precipitate, rapidly be- 
coming blue. Copper sulphate, chocolate- brown 
precipitate (Cu2l''eCy8), or in very dilute solution 
a brown colouration. 

Ferrlcyanldes. 

Silver nitrate, orange precipitate (AgaFeCy,), 
soluble in ammonia ; insoluble in nitric acid. Fer- 
rous sulphate, dark-blue precipitate (Fo3{FcCy8)jj), 
insoluble in dilute acids ; decomposed by alkalis. 
Ferric chloride, a greenish-brown colouration. 
Thiocyanates. 

Silver nitrate, white precipitate (AgCNS), 
soluble in ammonia ; insoluble in nitric acid. 
Ferric chloride, blood-red colouration, not 
affcQted by boiling nor by hydrochloric acid ; de- 
colourised by mercuric cWoride. Copper sul- 
phate, a black precipitate changing to white 
(Cu 2(CNS)2) on standing or addition of a re- 
ducing agent. Moderatdy strong sulphuric acid 
evolves carbon oxy sulphide, which bums to car- 
bon dioxide and sulyihur dioxide. Cohalt chloride 
and the solution shaken up with ether and amyl 
alcohol, azure-blue colouration (K2Co(CNS)4). 
Cyanates. 

CdhaU chloride, in aqueous alcoholic solution, 
blue soluble double salt (KiColCNO)^), decom- 
posed by excess of water. 

Nitrates. 

Sulphuric acid evolves nitric acid on heating ; 
jif metallic copper is added, red-browm nitrogen^ 
oxides ore given off./ 

The neutral solution is mixed with ferrous 
sulplwtc, and concentrated sulphuric acid is 

g )ured down the side of the tube so as to form a 
yer at the bottom ; a dark- brown ring is formed 
the junction of the two liquids, jfodin©' and | 


bromine must be removed before applying this 
test, and the liquid must be cold. Nitrate in 
presence of nitrite: destroy nitrite by boiling 
aoetic acid solution with urea or hydrazine sul- 
phate ; then add potassium iodide, starch, and 
a fragment of zinc; then colouration denotes 
nitrate. 

Nitrites. 

Silver nitrate, a white precipitate in concen- 
trated solutions. 

Mix the solution with potassium iodide and 
^tarch and acidify with acetic acid ; a deep- blue 
colouration is produced, owing to the liberation 
of iodine. Nitrites heated with dilute acids 
evolve nitrogen oxides, Metaphcnylcnediamine 
hydrochloride , Ibsmarck brown colouration. 

A dilute solution of a-naphthylamine and 
sulphamhc acid acidified with acetic acid ; a red 
colouration of azo- compound (c/, Zeitsch. 
angew. Chem. 1900 , 2 . 35 ), 

Dimothylaniline hydrochloride, added to an 
acidulated solution containing nitrous acid, gives 
a yellow colour depending on the formation 
of paranitrosodimethylaniline (Miller, Analyst, 
1912 , 37 , . 34 . 5 ) 

Hypochlorites. 

Silver nitrate, a white precipitate of silver 
chloride. Lead nitrate, a white precipitate be- 
coming orange-red, finally brown. Manganous 
salts, a'X)rown prec^itate (Mn 02 ,xH 20 ). Indigo 
solution, decolourised even in an alkaline solution. 

Chlorates. 

Warm a small quantity of tlie solid with con- 
centrated sulphuric acid ; a yellow explosive gas 
is produced with detonations. 

Acidify the solution with sulphuric acid, add 
indigo solution, and then sulphurous acid or a 
sulphite drop by drop ; the colour of the indigo 
is di.scharged. 

Perchlorates. 

Concentrated sulphuric acid, no explosive gas. 
Titanous sulphate, perchlorates reduced to 
chlorides. 

Bromates. 

Stiver nitrate, white precipitate, AgBrOj, 
decomposed by hot hydrochlorio acid with 
evolution of bromine. Barium chloride, white 
precipitate Ba(Br08)2. Sulphurous acid, bro- 
mine liberated. 

lodates. 

Silver nitrate, wliite curdy precipitate ( AglOg), 
soluble in ammonia ; reduced to yellow silver 
iodide by sulphurous acid. Barium chloride, 
white precipitate (Ba(T03)2). Sulphurous acid, 
iodine liberated. 

Periodates. 

Silver nitrate, yellowish-white, red, or brown 
precipitate depend ’ng on the acidity of the 
periodate solution. Barium chloride, white pre- 
cipitate. Manganous sulphate, red precipitate 
MmaHIOe, turning brown. Reducing agents 
(IlgSOs, Ti2(S04)8, Zn, etc.) convert periodates 
readily into iodides. Mercuric nitrate, orange- 
rod precipitate SHgOjI.Oy, different from 
iodates, which give white Hg(I 0 a) 8 . 

» Tartrates. 

Calcium chloride, in excess, a white pre- 
cipitate (CaC4H404), soluble in acids and in 
potash solution. Complete precipitation requires 
time, and is promoted by vigorous agitation. 
Potassium acetate, in prince of free acetic 
acid„ a white crystalline precipitate (KHC4H40a), 
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forming slowly in dilute solutions. Silver 
nUrate, a white precipitate, soluble in nitric acid 
or ammonia. If the washed precipitate is dis- 
solved in the least possible quantity of dilute 
ammonia, and the solution heated, the test-tube 
is coated with a mirror of metallic silver. Fer- 
rous sulphate, followed by few drops of hydrogen 
peroxide and excess of caustic soda, bluisli- violet 
colouration. 

Citrates. 

Oalcium chloridf, or lime-water, in excess in 
neutral solution, a white precipitate, 
{Ca3(CeH,0,),) 

only on boiling. Potassium salts, no precipitate. 
Cadmium chloride, gelatinous white precipitate 
(Cd(C4HjO-)2), insoluble in hot water ; soluble in 
acetic acid (diflp. from tartrates). Mercuric 
sulphate (6 p.c.), following by potassium perman- 
ganate, white turbidity, mercuric acetone- 
dicarboxylate (halogens should be absent) 
(Denigds). 

Malates. 

Calcium chloride, no precipitato even on 
boiling, except in strong solutions ; precipitate 
in dilute solutions on adding alcohol. Lime 
water, no precipitate even on boiling. Stlvet 
nitrate, white precipitate (AgjC4Tl405), which 
becomes grey on boiling. I^.ad acetate, white 
precipitate (PbCiH^Oj), w^ich when* washed 
melts in boiling water. 

Succinates. 

Barium chloride, or calcium chloride, no 
precipitate except alter addition ol alcohol. 
Ferric chloride, reddish-broivn precipitate 
soluble in acids ; decomposed by 

ammonia. 

Benzoates. 

Hydrochloric add, white crystalline pre- 
cipitate of benzoic acid, slightlv soluble in 
water. Ferric chloride, a buff precipitate 
(^62(0411,05),), soluble in hydrochloric acid with 
liberation of benzoic acid ; decomposed by 
ammonia. Concentrated sulphuric acid and 
alcohol on heating produce ethyl benzoate, dis- 
tinctive odour. Soda lime: benzoates heated 
with this reagent are decomposed, evolving 
benzene. 

Salicylates. 

Ferric chloride, intense purple colour ; not 
affected by glycerol ; interfered with by alkalis, 
dilute mineral acids, tartaric, citric, and oxalic 
acids, and certain olher substances such as 
borax, sodium phosphate, ammonium and sodium 
acetates. Silver nitrate, white precipitate in 
neutral solutions. Bromine water, white pre- 
cipitate, which with sodium amalgam yields 
phenol. Concentrated sulphuric add and methyl 
alcohol on heating give methyl salicylate (‘ oil 
of winter-green *). ' Diazotised aniline or sul- 
phanilic acid gives an orange azo- compound.# 
Acetates. 

Ferric chloride, a dark-red colouration, dis- 
charged on boiling, with precipitation of a basic 
ferric acetate. AJso discharged by hydrochloric 
acid. Heated with stremg sulphuric acid, acetiqi 
acid is evolved. It alcohol is added, ethyl 
acetate is formed and is recognised by the smell. 
Formates. 

Silver nitrate, a white precipitate in con- 
centrated solutions ; the solution or precipitate 
rapidly becomes black (Ag), especially on heat- 
ing. Ferric chloride, a im colour, discharged 


on boilmg, with precipitation of basic ferric 
formate ; also disohargra bv hydrochloric acid. 

A solid formate mixed with concentrated 
Bulphnrio acid gives off carbonic oxide even in 
the cold, but no carbonic anhydride. 

Gallic acid. # 

Ferric chloride, in neutral solutions, a bluish- 
black precipitate or colouration. Qdaiin or 
albumin, no precipitate. FcAassium cyanide, 
red colouration, which disappears on stand- 
ing, but reappears on agilation in presence of 
air. Caustic soda, green colouration gradually 
darkening, and with excess beefiming brownish- 
red. Lime water, bluiah-grev precipitate. 

Tannic acid. 

Feme chloride, bluish -green or bluish-black 
precipitate or colouratiom Odatin or dbumih, 
yellowush-white precipitate. Potassium cyanide, 
no colouration. Caustic soda, reddish-brown 
colouration gradually darkening. Lime water, 
grey precipitate. 

Phenol. 

Ferric chloride, violet colouration, destroyed 
by acids. Bromine water, white precipitate 
(tribromophenol and tribromophonol bromide). 
Concentrated sulphuric add and a fragment of 
sodium nitrite, on gently warming, greenish blue 
solution, turned red when poured into water, and 
changed again to blue by caustic alkali. 
Pyrogallol. 

Silver nitrate or Fehling's solution, readily 
reduced. Caustic alkalis, brown solutions, rapidly 
darkening owing to absorption of oxygen. Form- 
aldehyde and strong hydrochloric acid, white pre- 
cipitato becoming rod, and finally purple. 

Uric acid. 

Alkali urates reduce silver nitrate, and when 
heated with solid caustic s^a, ammonia is 
evolved, and an alkali cyanide is produged. 
Nitric acid: evaporate solution to dryness on 
water-bath, reddish colouration, rendered violet 
by ammonia, and turned blue by caustic soda 
(Murexide test). 

Quantitative Analysis, 
gravimetric methods. 

A few metals are separated and w eighed in the 
metallic condition, but the majority of metallic 
and acidic radicals arc weighed in the form of 
one or other of their co mounds. In order 
that a compound may be available for the deter- 
mination of one of its constituents, it should be 
of perfectly definite composition and not highly 
hygroscopic or otherwise liable to alter ; it must 
be insoluble in the liquid in which it is formed, and 
insoluble in an excess of the reagent ; it must 
easily freed from impurities, and capable of 
being brought into the proper condition for 
weighing without tedious and complicated opera- 
tions. It is also desirable that the compound 
should contain only a small proportion of the 
constituent to be estimated, since the effect of 
the unavoidable error of experiment is thus 
minimised. An estimation of chlorine in the 
form of silver chloride is more accurate than an 
estimation of silver in the^same way, since only 
one-fourth of the error of experiment represents 
chlorine, whilst three fourths represent silver. 

A description will first be given of a few 
typical gravimetgio methods; then an alpb^- 
l^ticai list of mqtals and acid radicals, with a 
summary of methods available in each case; 
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followed by a series of methods of separation of 
^^eneral applicability. S{)e'’ial methods for the 
analysis of technical prt'ducta will be found in 
the articles dealing with these materials, 

Gknera’' Methods of Estimation. 

I Sulphides. 

(a) With previous prenpifalion by hydnxjm 
euljdiide. The solution should be moderately 
dilute and distinctly acidified with HG, but any 
large quantity of this acid must be avoided. 
Nitric acid and nitrates, which shoidd be absent 
os far as iiossiWle, may be removed by repeated 
evaporation witli strong hydrochloric acid, but 
this treatment is not admissible if the metals 
present form volatile chlorides ; if present, a 
much higher degree of dilution is necessary. In 
most cases precipitaffion is accelerated and the 
procipit.ate rendered more granular by keeping 
the liquid warm. A current of v aslu'd hydrogen 
sulphide is passed through the solution until it 
is thoroughly saturated, and the flask is closed 
and left in a warm place until the precipitate has 
settled. Molybdenum and the metals of the 
platinum group are only completely precipi- 
tated after prolonged treatment with the gas. 
The precipitate is protected from air as far as 
possible ciuring filtration, and the liquid used 
for washing should contain hydrogen sulphide in 
order to prevent oxidation. 

When arsenic is present, the liquid should 
be heated with pure sulphurous acid to reduce 
ar.^enio acid, and the excc.ss of sulphurous acid 
expelled before treatment with hydrogen sul- 
phide. In presence of antimony, tartaric acid 
should be added to prevent co-prccipitation of 
basic antimony oliloridc. 

When coppe/ is precipitated as sulphide in 
presence of zinc, the copper sulpliido sliould be 
washes! once or twice with dilute hydrochloric 
acid of sp.gr. 1*06 containing hydrogen sulphide, 
and then with water also containing the gas. 

(i9) With previous precipitation by ammonium 
sulphide. Add to the warm solution a consider- 
able quantity of ammonium chloride, which is 
found to promote precipitation and render the 
precipitate more granular, then ammonia to 
alkaline reaction, and a slight excess of am- 
monium sulphide. Close the flask and allow to 
stand in a warm place until the precipitate has 
settled. Protect from air as far as possible 
during filtration, and wash with water containing 
ammonium chloride and a little ammonium sul- 
phide or hydrogen sulphide. 

The precipitated sulphide is treated in one 
of two ways : it is collected on a weighed filter, 
dried at a definite temperature and weighed ; or 
heated with sulphur in a current of hydrogen, 
and then weighed 

In the first case it is essential to ensure the 
absence of co- precipitated sulphur, and for this 
purpose the dried precipitate is treated with 
pure carbon disulphide and again dried, or, in 
the cose of cadmium, mercury, or bismuth, the 
moist precipitate is treated with a warm con- 
centrated solution of sodium sulphite, again^ 
washed, and dried. ' 

■ When the sulphide is stable" et a moderately 
liigiFtcinperatiire and is not reduced by hydrogen, 
Rose’s method is employed. The dry precipi- 
tate is separated from the filter, which is then 
burn t,^ and the precipitate and filter ash are in- 


troduced into a porcelain crucible end mixed 
with pure finely powdered sulphur. The crucible 
is provided with a perforated lid, through which 
passes a porcelain tnbe connected with a hydro- 
en apparatus. A current of purified and dried 
ydrogen is passed into the crucible, which is 
gradually heated to full redness until excess of 
sulphur IS expelled, allowed to cool in a current 
of hydrogen, and weighed 

Non-volatile sulphides may be collected in a 
wideSoxhlct tube and dried m situ over a ring 
burner at 300®, while a current of pure dry 
carbon dioxide is conducted through the tube. 
This treatment removes both moisture and 
co-j)recipitatod suljihur (Cahen and Morgan, 
Analyst, 1900, 31, 3). 

II. As Oxide. 

(a) With previous precipitation ai hydroxide. 
The solution is mixed with ammonium chloride, 
heated to boiling, and ammonia added in slight 
excess. A large excess of ammonia will partially 
redissolve some of the precipitate, and must be 
expelled by boiling. The precipitate is washed 
with hot water. 

If ammonia is anadmissible, pure caustic 
potash or soda is used as the precipitant. Excess 
of alkali must be avoided, and the precipitate 
must be very thoroughly washed, since small 
quant^iesof alkalj^are somewhat firmly retained. 

In both cases it is better to precipitate in a 
porcelain or platinum vessel than in glass. 

Non-volatile carbon compounds, such as 
sugar, glycerol, alkaline, tartrates, and citrates, 
&c., more or less completely prevent precipitation 
of hydroxides by ammonia or caustic potash, or 
soda, and hence must first be removed by calci- 
nation. Moderately strong nitric acid attacks 
filter paper, forming soluble products, which " 
prevent the precipitation of metallic hydroxides. 

()8) With previous precipitation as carbonate. 
The solution is nearly neutralised, heated to 
boiling, and mixed with a slight excess of sodium 
carbonate, boiling being continued until all 
carbon dioxide is expelled. I'he precipitate is 
washed with hot water. Ammonium carbonate 
can be used in some cases, and has the advantage 
af not introducing a fixed alkali. In these coses 
the precipitate ^oiild be w^ashed with water 
containing a little ammonia and ammonium 
carbonate. 

The precipitated hydroxide or carbonate is 
placed in a crucible (with previous separation 
from the filter paper if the metal is easily re- 
ducible), and is gradually heated to full redness, 
care being taken that no reducing gases from the 
flame enter the crucible. Oxides of r^uoible 
metals must be heated in a porcelain crucible, 
but in other cases ‘a platinum crucible may be 
used with advantage. If carbonates (or oxalates) 
aijc being converted into oxides, it is important 
to secure a circulation of air in order to remove 
carbon monoxide and carbon dioxide as fast as 
they are given off, and thus accelerate decom- 
position. This is done by inclining the crucible 
and placing the lid across the mouth in a slanting 
position. 

III. As reduced Meiais, 

(o) In some coses the metal is precipitate 
as oxide, which is then dried and heate in 
hydrogen as in Rose’s method for sulphides, the 
reduced metal being cooie in hydrogen and 
weighed. This metWi is especially valuable 
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when, as in the case of cobalt, the oxide obsti- 
nately letaina small qt^jantities of alkali, which, 
however, can re^ly be removed from the reduced 
metal by washing with water. 

O) The other method is to mix the oxide, 
carbonate, &c., with five or six times its weight 
of ordinary potassium cyanide, and heat in a 
capacious porcelain crucible, at first cautiously 
and afterwards to complete fusion. When re- 
duction is complete, the crucible is allowed to 
cool, and is tapped occasionally to promote the 
OoUection of the reduced metal in a single button. 
The cyanide is removed by treatment with watei , 
the metal washed, dried, and weighed. Care 
should be taken that the metallic button docs 
not contain small fragments of porcelain result- 
ing from the corrosion of the crucible. 

IV. As Sulphaie. 

Barium, strontium, and lead are }irecipitatcd 
from solutions in the ordinary way, but other 
metals are converted into sulphate by treatment 
with the strong acid, the method being only 
available when a single metal is present ni com- 
bination with a volatile acid. The highly con- 
centrated solution, or better, the solid substance, 
is mixed cautiou.sly with concentrated siilphurio 
acid in a platinum crucible and then gently 
heated to expel excess of acid, the crucible being 
inclmed and the hd placed in a slanting position 
across its mouth. A large eftccss of aci# should 
be avoided, and care must be taken that the 
temperature is sufiicieiit to expel the excess of 
free acid but not siinicient to decompose tho 
sulphate. Sulphali's of the alkalis and alkaline 
earths may bo heated to redness. Bismuth 
sulphate and zinc sulphate decompose if heated 
above 400° ; magnesium sulphate is not decom- 
posed at 450°, nor barium or lead sulphate at 
600° (G. H. Bailey). A temperature of about 
350° is required to expel the last traces of free 
sulphuric acid. With lead or bismuth sulphate 
a porcelain vessel must be used. 

Cravimetkic Determination of Mftals 
amj Acid Radicals. 

Details of operations will bo found under 
Gential Methods of Estimation, and electrolytic 
and volumetric methods will be indicated under 
appropriate headings. 

Aluminium. 

(а) As oxide, with previous precipitation with 
ammonium sulphide, ammonium carbonate, or 
as basic acetate {v. Methods of separation). The 
aluminium hydroxide is maintained in its in- 
soluble hydrogel form by washing with dilute 
aqueous ammonium mtrate. The hydroxide 
may also be precipitated in a form suitable for 
filtration by boiling the solution of the aluminium 
salt with potassium iodide and potassium iodate 
(Stock, Ber. 1900, 33, 648 ; Compt. rend. 1900, 
130, 176) ; or with bromine water (Jakob, 
Zeiti^. anal. Chem. 1913, 62, 661), when the 
precipitate is compact and not gelatindus. 

(б) As phospl^e. The solution is nearly 
neutralised, mixed with sodium acetate and a 
small quantity of acetic acid, heated to boiling 
sodium phosphate added in excess, and the pre- 
cipitate washed with hot water, heated, and 
weighed as aluminium phosphate (AlPU.). 

Aminiwiliim, 

(a) As platinicMoride (NH 4 ),PtiCl* {v. Poiaa- 

num)i The platinic chloride solution should 


be added before the liquid is heated, and evapo- 
ration should not quite be carried to complete 
dryness. 

(6) By distillation {v. Acidimmtry). 

Antimony. 

(a) As sulphide Sb^Sg. The precipitate is 
collected (i.) in a weighed SoxAlet tube on 
an asbestos mat, and dried at 280"' -390° in a 
current of carbon dioxide (Analyst, 1999, 34, 3) ; 
or (ii.) in a Gooch crucible and dried in an air- 
oven in an atmosphere of carbon dioxide. An 
aliquot part is then placed in a porcelain boat, 
and heated in a glass tube in a current of dry 
carbon dioxide until it becomes black, and 
all admixed sulphur is expelled. The loss of 
weight is calculated to the whole quantity and 
deducted from the weight at 100°. 

(h) As oxide Sb^O^, ^ith previous precipi- 
tation as sulphide. The sulpliido is placed in a 
porcelain crucible and treated with fuming nitric 
acid boiling at 86° until completely oxidised, the 
exces.s of acid expelled, and the residue heated 
with partial exposure to air until the weight is 
constant. I’he sulpliide may also be mixed with 
30 to 50 times its weight of precipitated mer- 
curic oxide and heated cautiously until of con- 
stant weight. A deep capacious crucible with 
a lid having a side tube for tlie exit of vapours 
has been devised for this and similar estimations. 

For a method of estimating small quantities 
of antimony, as in urine, see Schidiowitz and 
Goldsbrough (Analyst, 1911, 36, 101); Beam 
and Freak {idem. 1919, 44, 196). 

Arsenic. 

(a) As tnsulphule As.^Sg, which is dried at 
100°. The dry precipitate should volatilise 
completely when heated. 

(h) As pcntasulphide AsjjtS^. The arsenio is 
oxidised to arsenic acid by ciyorine in alkaline 
solution, and the precipitation then effected in 
warm acid solution after decomposing all the 
chlorate (Bruuner and Tornicok, Monatsh. 1887, 
8, 642 ; and Neher, Zeitsch. anal. Chem. 1893, 
32, 45). 

(c) Arsenic acid is estimated as magnesium 
pyroarsenate MgjjAs^O;, in# the same way as 
phosphoric acid {which see). The filter paper is 
moistened with a solution of ammonium mtrate 
and diied before burning, in order to prevent 
reduction {v. Ducru, Compt. rend. 1900, 131, 
886 ; cf. also Friedheim and Michaelis, Zeitsoh. 
anal. Chem. 1895, 34, 505). 

Or tho ammonium magnesium arsenate pre- 
cipitate after washing with dilute ammonia, tnen 
with alcohol to lemove free ammonia, is titrated 
with N/2-acid, using methyl-orange as indicator. 
Each o.c. of N/2-acid is equivalent to 0'01875 
gram of arsenic. 

Barium. 

(a) As sulphaie BaSOj, by precipitation with 
sulphuric acid (v. Sulphuric acid). 

{h) As cxirbonate BaCOg, wliich may be 
dried at a temperature below dull redness after 
moistening tho filter ash with ammonium car- 
bonate (v. General Methods of Estimation). 

(c) As silf cofluoride {v. Methods of Separa- 
tion). ^ 

{d) As bromide (Thome, Zeitsch. anal. Chem. 
1905, 43, 3085. 

Bismuth. 

(a) As oxide pigOg, after precipitation with a 
slight excess of ammonium carbonate. In pre- 
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Bence of chlorides or sulphates the precipitate 
will contain basu: chloride or sulphate, and in 
this (or in any other) case the bismuth may be 
])recipitatod as sulphide, which is oxidised in 
the crucible by fuming nitric acid boiling at 86°, 
and then heated. 

(6) As naljfAdt Jli2'S3, which is dried at 100° 
and weighed at ink'rvals of 20-30 minutes. The 
iveight lirst decrea-ses owmg to loss of water, 
and then mcreases owing to oxidation ; the 
minimum weight is taken as correct. 

(c) As metallic hum nth. Bismuth is pre- 
cipitated as metal by adding to slightly acid 
solutions of its s^ts, formaldehyde and excess of 
caustic soda, boiling and tiltering through a 
Gooch crucible, the precipitate being washed 
with alcohol and dried at 105° (Vaiiino and 
Treubert, Ber. 1898, 31., 1303). 

{d) Other methods ; 'pJio^phatc (Stahler and 
Scharfenberg, Ber 1905, 38, 3862), double molij 
hdate (BifNH^) (MoO^)., (Miller and Cruser, J. 
Amer. Chem. Soc. 1905, 27, 16) ; and benzildi- 
oxime (Atack) {cf. {Strebinger, Gheni Zeit 
1918, 42, 242). 

Cadmium. 

(a) As sulphide CViS, which is dried at 100‘’, 
or dissolved in hydrochloric, acid, and the solu- 
tion evaporated to dryness with sulphuric acid, 
the residue gently ignited and weiglied as GdS04. 

{h) As oxide, after precipitating as basic car- 
bonate from boding solutions by potassium (not 
sodium) carbonate and collecting in a Gooch 
crucible (Amor. J. 8ei. 1906, 20, 451)). 

Calcium. 

{a) As oxide CaO, after precipitation with 
ammonium carbonate or ammonium oxalate 
(r. Utz, Oeat. Chem. Zeit. 1904, 7, 510). In the 
latter ease the sorption is made alkaline with 
ammonia, heated* to boiling, and mixed with 
exce^is of ammonium oxalate. The jirecipitate 
is washed with hot water, and strongly heated 
until its weight is constant . 

[b) As sulphate CaSO*, by igniting the car- j 
bonate or oxalate w ith pure sulpliurie acid ; 
or by heating it with a mixture of amminonidin 
sulphate aiid chloride (Willis and Macxntire, 
Analyst, 1918, 102). 

Cerium. V. Bnnion and James, J. Aim'r. 
Chem. Soc, 1919, 41, 1080. 

Chromium (in chromic salts). 

(а) As oxide CraGg, after precipitation by 
ammonia, or better, ammonium sulpmde ; or by 
lotassium iodide and iodate (Stock and Massaciu, 
ler. 1901, 34, 467). When precipitated as 

chromic hydroxide and weiglied after ignition 
as chromic oxide, care should bo taken to avoid 
oxidation, ignition in a Rose crucible m a 
current of hydrogen gives exact results. 

(б) As phospmle, in the same way as alu- 
minium. 

Chromium (in chromic acid and chromates). 

ia) As oxide CrgOg. The sulution is neutral- 
ised, heated to bodmg, and mixed with excess of 
a neutral solution of mercurous nitrate free from 
nitrous acid. The precipitate is washed with hot 
water containing mercurous nitrate, and boated 
to redness in a porcelain crucibh^ until all mer- 
curial vapours are expelled. The mercurous 
chromiite yields chromic oxide. 

{b) As chromate, by precipitation with barium 
chloride in acetic acid solutioji [cf. Winkler, 
iSeitBch. angew. Chem. 1918, 31, .46). 


Cobalt. 

(a) As metalUc cobalt, after precipitation as 
oobaltic hydroxide by caustic soda or potash 
with bromine. The solution must be fifee from 
ammonium salts, or all ammonia must be 
expelled by boiling. The precipitate retains 
traces of alkali, and in accurate estimations the 
reduced metal should be washed with water, 
dried, and again heated in hydrogen. 

(&) As sulphate CoSOj, after precipitation as 
bulpliide, which is treated with nitric acid and 
then with sulphuric acid. 1 f the heated sulphate 
is at all black, it must bo treated again with 
sulphuric acid. 

Copper. 

(а) As cuprous sulphide CujS, using Rose’s 
iiK'thod, with previous precipitation as cuprio 
suljihide by liydrogen sulpliide or sodium thio- 
sulphate (Chem. Zeit. 1895, 19, 1591). 

(б) As oxide, after precipitation by caustic 
potash or soda in absence of ammonium salts. 

(c) As cuprous thiocyanate CuCNS (Rivot, 
Compt. rend. 1854, 38, 868 ; also Amer. J. Sci. 
1902, 13, 20 and 138). The warm solution, 
which must contain no free nitric acid, is slightly 
acidified with hydi’ochlonc acid, and mixed 
gradually with an excess of a moderately strong 
solution of eijual jiarts of aramoiiium or iiotas- 
sium thiocyanate and ammonium hydrogen 
sulphite.* When colU, the precipitate is collected 
in a weiglied Gooch crucible, washed with cold 
water and 20 p.c. alcohol, and dried at 1 J0°-12U°. 
The precipitate may also be converted into 
cuprous sulphide by Rose’s method. Cuprous 
thiocyanate is not quite msoluble, especially in 
presence of mu(ii free acid. 

Copper salts arc reduced by hypo])lio8phor(»us 
acid, or alkalme hypophospliites on warming, 
and the reduced copper may be washed, dried, 
and weighed (Dallirnore, Windisch). 

Glucinum. 

As oxide CIO, with jJicvious })recipitation in 
the cold by slight excess of ammoma or ammo- 
nium sulphide in presence of ammonium chloride, 
but not caustic soda or potash, or ammonium 
carbonate. The basic acetate of glucinum 
[G104(CH3C0 j{) 8] is readily soluble in chloro- 
form, and can be distilled uiu liangcd. 

Gold. 

As metallic gold. Nitric acid is removed 
by evaporation with hydrochloric acid. The 
solution is acidified with hydrochloric acid, 
mixed with a large excess of ferrous sulphate 
solution, and heated gently for a fow hours ; or 
it is acidified with sulphuric acid, mixed with 
oxalic acid, and allowed to stand in a warm place 
for several hours. Formaldehyde and hydrogen 
peroxide in alkaline solution can be used as pre- 
cipitants (Ber 1899, 32, 1968). Nitrous acid is 
also suggested (Jameson, J. Amer. Chem. Soc. 
1901^ 27, 1444). The precipitate is colleoiod on 
a weighedj^ filter, washed and dried. 

Iron. 

(а) As ferric oxide Fe< 0 „ after precipitation 
by ammonia, caustic potash or soda, potassium 
iodide and iodate (u. Chromium), or as basic 
carbonate, basic acetate or formate. The oxide 
is heated to redness until its weight is constant ; 
if heated at a higher temperati^e, it is partially 
converted into ferroso-ferrio oxide Fej04. 

(б) Ferrous and ferric salts can be separated 
and estimated gravimetrically by means of 
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barium carbonate and ammonium c hloride, when 
the (errio salt is decomposed, precipitating^ ferric 
hydroxide, and the ferrous salt remauis in 
solution. 

Lead. 

(а) As sulphaie PbSO*. The solution, which 
should not be dilute, is mixed with dilute sul- 
phuric acid and twice its volume of alcohol, and 
allowed to stand, and the precipitate washed 
with alcohol. If the addition of alcohol is in- 
admissible, the solution is evaporated with a 
largo excess of dilute sulphuric acid, till fumes 
are evolved. The residue is taken up with cold 
water and quickly filtered on a Gooch crucible ; 
and the precipitate is washed with dilute sul- 
phuric acid and afterwards with alcohol to 
remove all free acid. 

(б) As sulphide PbS, by hydrogen sulphide 
and Rose’s method. 

(c) As oxide PbO, after precipitation by 
an'imonium carbonate, avoiding an excess of 
ammonium salts. 

{d) As metal. 

(e) Other methods. As chromate and iodate. 

Magnesium. 

(o) As pyrophosphate iO T The solution 
is mixed with ammonium chloride in sufficient 
quantity to prevent precipitation by ammonia, 
made strongly alkaline vith ammonia, and 
then mixed M'lth excess of sodium phospftitc, or, 
better, ammonium phosphate or microcosmic 
salt. Care should be taken to avoid rubbing or 
scratching the sides of the vessel. The liquid 
is allowed to remain for a few hours, filtered, and 
the precipitate washed with a mixture of strong 
ammonia (1 part) and water (5 parts) until the 
washings give only a faint opalescence with 
silver nitrate after acidifying with nitric acid. 
The precipitation of the double phosphate is 
greatly accelerated and a granular non-adherent 
product obtained by shaking the mixed solutions 
m a stoppered cylinder. The precipitate is 
dried, cautiously heated in a [ilatinum crucible 
until all amntOQia is cxfx'lled, and then heatc'd 
to redness until the weight is constant. If the 
precipitate is black, owing to partial reduction, 
it is moistened with a few drops of strong nitric 
add, and again heated until perfectly white. 

{h) As oxide MgO, after precipitation as 
hydroxide by barium hydroxide, or mercuric 
oxide, or as double carbonate MgCOjfNII^fjGO, 
fZeitsch. anorg. Chem. 1908, 68, 427), the pre- 
cipitate being strongly ignited (r. Zeitsoh. anorg. 
Chem. 1901, 20, 347). 

(c) As pyroarsenate {v. Pyrophosphate, and 
Amer. J. Sci. 1907, 23, 293). 

Manganese. 

(а) As sulphide MnS, byfRose’s method after 
precipitation by ammonium sulphide. 

(б) As oxiM MnjO^, after precipitation by 
sodium carbonate, or ammonium carbonate 
(Tamm, Zeitsoh. anal. Chem. 1872, 11, 426). The 
hydrated peroxide precipitated by bromine and 
ammonia, on prolonged ignition yields MngOv 

{c) Aa pyrophosphate ^TioV^O.,. Ammonium 
chloride and microcosmic salt are added in con- 
siderable excess to the cold manganese solution 
followed by a slight excess of ammonia. The 
mixture is then heated till the precipitate be- 
comes silky and crystalline. After cooling for 
30 minutes, the precipitate is collected on the 
Gooch, washed with very dilute ammonia, and 


ignited (Gooch and Austin, Amer. J. Sci. 1898, 
6, 160). 

(d) As sulphate (Gooch and Austin, Amer. J. 
Sci. 1898, 6, 209). 

Mercury (in mercurous compounds). 

As mercurous chloride IIgj,Clj. The dilute 
cold solution is mixed with a eolufton of sodium 
chloride in slight excess, and the precipitate is 
collected on a weighed filter and dried at 100®. 

Mercury (in mercuric compounds). 

(a) As sulphide HgS, which is dried at 100° 
after precipitation by hydrogen sulphide. 

(b) Aa mercurous chloride rig,Clj. The solu- 
tion is mixed with excess of hydrochloric acid 
and phosphorous acid (made by allowing pl^ps- 
phonis to oxidise slowly in moist air), and allowed 
to remain in a warm place for tw'olve hours. The 
precipitate is collected on. a weighed filter and 
dried at 100'^ 

For the estimation of mercury as metal by 
the dry method, see Cumming and Maclood 
(Chem. Soc. Trans. 1913, 103, 613). For its 
reduction by zinc filings, see Francois (Compt. 
rend. 1918, 160, 960; Chem. Soo. Absb. 1918, 
ii. 276). 

Molybdenum. 

(а) As lead mahjhdate PbMoOi. solu- 
tion is heated to boiling, mixed with excess of 
lead acetate, and boiled foi’ a few minutes. The 
precipitate is washed with hot water, dried at 
100“, and heated to low redness in a porcelain 
crucible. 

(б) As the oxide MoO^. The solution is 
neutralised with nitric acid, mixed with excess 
of a neutral solution of mercurous nitrate, the 
precipitate washed with mercurous nitrate solu- 
tion, dried, and heated until the weight is con- 
stant. The metal is precipitated as sulpffido 
either in acid solution, or an amfuoniacal solution 
is saturated with hydrogen sulphide and then 
acidified. Tlie precipitate, collecti'd in a Gooch 
crucible, is roasted to oxide. The temperature 
during ignition siiould not exceed 425®. The 
conversion of the sul[)hide into trioxide is com- 
plete at 400® ; no further change takes place 
between 400® and 460°, above 460® the 
trioxide sublimes. The coricct temperature 
(400®- 426®) is most readily attained by using 
an electric furnace (Wolf, Zeitsch. angew. Chem. 
1918, 31, i. 140). Molybdenite is roasted to 
form trioxide ; this is extracted with ammonia, 
and the filtrate evaporated and residue ignited 
(Analyst, 1906, 31, 312). 

Nickel. 

(а) As oxide NiO, after precipitation as 
niekelic hydroxide (lSi{OH)^) by caustic potash or 
soda with the addition of bromine in absence 
of ammonium salts ; or after precipitation by 
ammonium sulphide thoroughly saturated with 
hydrogen sulphide, the nickel sulphide being 
dissolved in aqua regia and the solution preci- 
pitated by caustic soda or potash. 

(б) As dimethylglyoximate 


GHaCtNO-Ni-NOiCCH, 


CHa'C:NOH l^OH ; C CH, 

(Ni — 20’31 n.o.). A 1 p.c. alcoholic solution 
of dimethylgiyoxime (J. pr. Chem. 1908, 77, 44) 
is added to a hot dilute hydrochloric acid solution 
of nickel followed by ammonia in slight excess. 
The red precipitate, after standing for about an 
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hour, is collected on a Gooch crucible, washed 
with hot water and dried at 110®-120° (Briinok, 
Zeitsch. angcw. Chem. 1907, 20, 834 ; ibid. 
1914, 27, 315). 

(c) As nickel dicyanodiamidine N^N^HjCaO)#. 
Dicyanodiamidine sulphate and caustic alkali 
are added to &n ammoniacal solution of nickel 
salt, the yellow precipitate collected and dried 
at 116®. If cobalt is present, hydrogen peroxide 
is first added to the ammoniacal solution. 
Aluminium and iron are kept in solution by 
means of tartaric acid {(^rossmunn and Schiick, 
Chem. Zeit. 1901, 31, 336, 911). 

{d) Small quantities of nickel may con- 
veniently be estimated by means of a-bmziUJi- 
oxime. For details, net Alack (Analyst, 1013, 
318). The method is available m preaence of 
cobalt, iron, mangancsie, zinc, magnesium, and 
chromium (c/. Strebinger, Analyst, 1918, 3(51). 

Platinum. 

As metal. The solution of platinic chloride 
free from excess of acid is precipitated by am- 
monia, or, better, potassium chloride (t*. Potas- 
sium), and the j)recipitate is filtered by Gooch’s 
method or through a plug of thoroughly dried 
asbestos contained in a weighed tube. The 
precipitate is dried, heated to redness in a 
current of hydrogen, washed with water to 
remove alkaline chloride, again dried, and 
weighed. The metal is also jirecipitatcd b> 
reducing agents {c.g. formic acid, alcohol m 
alkaline solution) ; and by metals such as mag- 
nesium or zinc (Chem. Zei’t. 1906, 29, 293). 
Potassium. 

(a) As ’pUttiiiichloride KjPtClfl. The solu- 
tion, which must contain the potassium in the 
form of oliloride and be free from acid, is mixed 
with excess of platinic chloride and evaporated 
to dryness on the* water-bath. 3’ho crystallme 
resid-ie is washed with strong alcohol, without 
breaking the crystals, until the washings (whicli 
at first must be orange, showing the presence oi 
excess of platinum) are colourloHs, The pre- 
cipitate is left in the evaporatmg dish, and the 
washings are poured through a small filter. 
When washing is complete, the precipitate i.s 
transferred to a weighed porcelain crucible by 
means of a jet of alcohol from a wash -bottle, and 
the alcohol is decanted off through tlio filter. 
The precipitate in the crucible is dried first at 
70® till most of the alcohol is expelled, and then 
at 100® for half an hour. The filter is dried, 
and any precipitate is detached from the paper 
as far as possible and added to the contents of 
the crucible, which is then weighed. The filter 
is burnt, and the ash allowed to fall into the 
crucible, which is again weighed. The increase 
in weight is filter ash and metallic platinum. 
The amount of platinichloride corresponding 
with the latter is calculated and added to the 
weijght of the precipitate {v. J. Amer. Chem. 
Soo. 1896, 17, 463 ; and Zeitsch. anal. Chem. 
1806, 46, 316 ; Chem. Zeit. 1906, 30, 684). 
Or the precipitate of platinichloride is col- 
lected, washed with alcohol-ether water mixture, 
then dis^lved in boiling water, and the solution 
boiled with an excess o| sodium formate ; after 
a few minutes hydrochloric acid is added, the 
heating oontinuea until the reduced platinum 
has when the platinum is collected, 

washed, ignited, and weighed f-Steel, Analyst, 
1818, 43, 348). 


(6) As perchlorate KCIO4. The solution 
containing potassium and somum as chlorides 
is evaporated down with excess of dilute per- 
chloric acid until all the hydrogen chloride is 
expelled. The residue is taken up with alcohol, 
the precipitate collected on a Gooch crucible, 
washed with aleoliol, and dried at 130® (Amer. 
J. Soi, 1897, 2, 263 ; cf. Davis, Analyst, 1913, 
38, 47 ; Thin and Gumming, Trans. Cliem. Soc. 
1915, 107, 361 ; Baxter and Kobayashi, J. 
Amer. Chom. 80c. 1917, 39, 249 ; Gooch and 
Blako, Amer. J. 8ci. 1917, 44). 

As coballinUnte. The solution is evaporated 
and the residue mixed with 3 c.c. of a 60 p.c. 
cobaltous chloride solution and 3 c.c. of a 60 
p.c. sodium lutritc solution, and, after stirring, 
mixed with 2 c c. 60 p.c. acetic acid. After 
standing the precipitate is collected on a filter, 
washed, and treated m a beaker with excess of 
N/60 potassium permanganate, warmed, 16 c.c. 
sulphuric acid (1:1) added, and the excess of 
permanganate titrated with oxalic acid solution. 
The precipitate has the formula K2CoNa(NOj)e, 
and according to theory, 1 c.c. of N/50 per- 
manganate — 0‘000156 gram KjjO ; experiment 
shows a better factor is 0 000172 (Van dcr 
Horn van der Bos, Analyst, 1913, 294 ; c/. 
Mitscherlieh and Fischer, Analyst, 1912, 37, 
688 ; Uaff and Schwartz, Analyst, 1917, 372). 
BeiuietD (Analyst, h916, 166) combines the two 
niotliods by se])arating the potassium as the 
cobaltimtrite and weighing it as perchlorate. 
Selenium. 

As selenium. The solution is strongly acidi- 
fied with hydrochloric acid, mixed with excess 
of sulphurous acid or sodium hydrogen sul- 
phite, and boiled for about fifteen minutes. 
The precipitate is collected on a weighed filter 
and toed at a temperature below idO®. Solu- 
tions of selenium containing hydrochloric acid 
cannot safely be concentrated by evaporation 
except in presence of a largo quantity of alkaline 
chlorides, which prevent the volatilisation of the 
selenium as chloride. 

Hypophosphorous acid in alkaline solution, 
and potassium iodide in acid solution, have also 
been recommended as reducing agents (Zeitsch. 
anoig. Chom. 41, 448 ; and Amer. J. Sci. 1896, 

I [4] 1, 416). For a review of methods for esti- 
mating selenium, see Zeitsch. anorg. Chem. 1904, 
41, 291). 

Silver. 

As chloride AgCl, or bromide AgBr. The 
solution is acidified with nitric a.cid, heated to 
boiling, and mixed with a slight excess of sodium 
idiloride or potassium bromide. Estimation as 
bromide is to be recommended, since silver., 
chloride is not quite»> insoluble in pure water. 
The precipitate is washed with hot water, dried, 
detached from the paper as far as possible, 
tranlf erred to a porcelain crucible, and dried at 
150®, or heated .slowly until it shows signs of 
fusion at the edges, and weighed. The mtor is 
burnt and the ash added to the crucible, which 
is again weighed. The increase in weight is 
filt-er ash and metalli<j silver. The quantity of 
bromide or chloride corresponding with the 
latter is calculated and added to the weight of 
the precipitate. 

Sodium is weighed in the form of chloride 
together with any potassium which may be 
present, and is estimated by difference, or it may 
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be estimated directly as sulphate or chloride if 
potassium is absent. 

The following reagent precipitates sodium 
even from very dilute solutions, and is not 
interfered with by the other alkali metals or 
by magnesium and the metals of the alkaline 
earths. Three grams of bismuth nitrate and 
30 grams of potassium nitrite are dissolved in 
water containing sufficient nitric acid to remove 
any turbidity, about 1 *0 grams of caesium nitrate 
are added, and the solution diluted witli water 
to 100 c.c. The precipitation should be carried 
out in a stoppered bottle in an inert atmosphere. 
The precipitate, f)Bi(NOa)a,9C8NO.>,6NaNOo, 
contains 3'075 p.o. sodium (v. Ball, Chem. Soc. 
Trans. 1910, 97, U08). 

Strontium. 

(а) As sulphate SrSO^. The solution, which 
must contain but little free acid, is mixed with 
excess of dilute sulphuric acid and at least an 
equal volume of alcohol, and the precipitate is 
washed with alcohol. If alcohol cannot be used, 
a much larger excess of Hulpliuric acid is added 
and the precipitate is washed with cold water, 
but the results are less exact. 

(б) As carbonate SrCOy (which must not be 
heated too strongly) after precipitation by am- 
monium carbonate. 

According to Winkler (Zeitscli. angew 
Chem. 1918, 31, i. 80), the Aost convciAmt and 
exact method of estimating strontium is to 
precipitate it as oxalate by the addition of a 10 
p.o. solution of potassium oxalaio and washing 
with saturated strontium oxalate solution. The 
precipitate is dried at 100°, and weiglied 
as Sfl'jOi.HjjO, or at 132°, and weighed as 
terCjO^. 

Tellurium. 

(a) As tellurium, by reducing solutions of 
tellurous or telluric compounds with sulphur 
dioxide and hydrazine hydrochloride (Lenher, 
J. Amer, Chem. Soc. 1908, 30, 387). Other reduc- 
ing agents have been employed * sulphur dioxide 
and potassium iodide, hypo phosphorous acid, 
and grape sugar in alkaline solution. 

(o) As dioxide TeOjj {v. Amer. J. Sci. 1909, 
(iv.) 28, 112). 

Thallium. 

(а) A.S thallous iodide TIL The solution is 
heated ivith sulphurous acid to reduce all the 
thallium compounds to thallous salts, allowed to 
cool, and then mixed with excess of potassium 
iodide. The precipitate is washed with dilute 
alcohol, and dried on a weighed filter at 170*^ 
{v. Baubigny, Corapt. rend. 1892, 113, 644). 

(б) As thaUoui: platinichloride. This salt is 
*very insoluble, but is difficult to filter (Crookes, 
Select Methods, 4th ed. p, ^72). 

Tin. 

As oxide SnOj, which is obtained when tin 
or one of its alloys is treated with nitric acid. 
The solution is boiled for ten minutes to ensure 
complete precipitation, and the precipitate is 
digested for an hour with dilute nitric acid 
(1:6) at 100® to remove other metals, washed 
with hot water, and imited. 

In other cases tne tin is precipitated as 
hydrated oxide. If the solution contains stannous 
salts, the latter are oxidised by chlorine or by 
hydxoohlorio acid and potassium chlorate, am- 
monia added until a ^ght precipitate forms, 
and hydrochloric acid until ihe precipitate just 


redissolves. The solution is then mixed with a 
moderately large quantity of a steong solution 
of ammonium nitrate or sodium sulpnate, and 
boiled for some time. The precipitate is w^ed 
with hot water by decantation and on the filter, 
dried, and heated. To ascertain if precipitation 
is complete, a small quantity of*tne filtrate is 
added to a hot solution of ammonium nitrate or 
sodium sulphate. 

If the tin has been precipitated as stannic 
sulphide, the latter is washed with a solution of 
sodium chloride, and finally with a solution of 
ammonium acetate, dried, an^ roasted in a 
porcelain crucible until the weight is constant. 
Decomposition is facilitated by adding a small 
quantity of ammonium carbonate. 

In all cases the filter is burnt separately and 
the ash dropped into the crucible. 

Titanium. 

As dioxide TiOj, after precipitation by 
ammonia. Usually the substance is dissolved 
in sulphuric acid, or is fused with potassium 
hydrogen sulphate and dissolved in water. The 
solution is diluted largely and boiled for some 
time, when all titanium is precipitated as hy- 
drated oxide, which is rendered anhydrous by 
ignition. The solution should contain 0*6 p.c. 
of free sulphuric acid ; if less, the precipitate is 
impure, if more, precipitation is incomplete 
(L^vy). In presence of iron the results are 
always somewdiat too high. 

Boskervillo recommends fusing titaniferous 
iron ores with potassium hydrogen sulphate con- 
taining some sodium fluoride. The product 
is boiled with water containing nitric aoid and 
then neutralised with ammonia. The precipitate 
is dissolved in dilute hydrochloric acid, avoiding 
any excess. T’he liquid is tfien saturated with 
sulphur dioxide and boiled f the precipitate 
being collected, ignited, and weighed as TiO, ( J. 
Soc. Chem. Ind. 1900, 19, 419 ; also J. Amer. 
Chem. Soc. 1903, 25, 1073 ; and 1910, 32, 957). 
Tungsten, 

As tungstic anhydride WO,. The solution 
containing the tungsten as an alkaline tungstate 
is neutralised with nitric awid and precipitated 
with a neutral solution of mercurous nitrate. 
The precipitate is v ashed with a solution of 
mercurous nitrate, dried, and heated in a por- 
celain crucible, when tungstic anhydride is left. 

Fused lead tungstate, when boiled with strong 
hydrochloric acid, gives a precipitate of tungstic 
acid (Brearley, Chem. News, 1899, 79, 64). 
Uranium. 

(а) As the oxide UjOg. The solution, oxi- 
dised if necessary by nitric acid, is heated to 
boilihg and mixed with a slighi excess of am* 
monia. The precipitate of aoid ammonium 
uranate is washed with ammonium chloride solu 
tion, dried, and strongly heated. 

(б ) As the j^rophosphate ( UO , ) ;,? ,0 „ obtained 
by precipitating uranyl ammonium phosphUite 
(UOjllNHglPOg with ammonium phosphate in 
the presence of ammonium acetate and igniting 
the precipitate at low redness. For the appli- 
cation of this process to uranium minerals, sec 
Low’s Technical Methods of Ora Analysis, 3rd 
ed. p. 223; and J. Amer. Chem. Soc. 1901, 23, 685. 

Vanadiunl 

(a) As barium pyrovanadate 2BaO • V .Og. The * 
solution is neutialised with ammonia, heated to 
boiling, mixed with excess of barium chloride. 
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agitated, and cooled quickly out of contact with 
air. The precipitate is washed and heated. 

(6) As manganese pyrovanadate 2Mn0*V20j. 
The solution is mixed with a slightexcess of ammo- 
nium chloride and ammonia, manganese chloride 
or sulphate mixed with ammonium chloride is 
added in excesi., and the liquid is boiled two or 
three minutes and allowed to cool out of con- 
tact with the air. The precipitate, which should 
bo brownish yellow and free from oxidation 
products, is washed with cold water and heated. 

(c) As pentoxide VoOg, obtained (i.) b}^ pre- 
cipitating bariurq^or lead vanadate, decomposing 
with sulphuric acid, filtering, evaporating the 
filtrate, and igniting; (li.) by precipitating and 
igniting mercury vanadate ; (lii.) by xirecipitating 
ammonium vanadate by ammonium chloride 
and igniting the precipitate. 

For other methods of estimating and separat- 
ing vanadium, v. A. Carnot, Compt. rend. 104, 
1803 and 1850; Chom. Soc. Abstr. 1887, 890; 
Ohem. Zeit. 1905, 29, 392 ; Amer. J. Sci. 1910, 
30, 220. 

Zinc. 

(o) As oxide ZnO, with previous precipitation 
by sodium carbonate in absence of ammonium 
salts. 

(6) As sulphide ZnS, by Rose’s method after 
precipitating with ammonium sulphide. 

The filtration of the zinc sulphide may be 
promoted by precipitating in the presence of 
amraPnium acetate or thiocyanate, and washing 
with a 6 p.c. solution of either of these salts. 
If mercuric chloride is added to the solution, 
the mixed precipitate of mercuric and zinc 
sulphides filters much better than the latter 
alone ; the former is expelled on ignition. 
Zirconium. 

Zirconium is ^quantitatively precipitated 
by ammonium phosphate from solutions which 
are either neutral or contain up to 20 p.c. 
of sulphuric acid. The precipitate is calcined 
and weighed as pyrophosphate, the factor 
for conversion to ZrOg being 0'487. The 
method may be used for the estimation of 
zirconium in presence of iron, chromium, and 
aluminium, but an acidity equal to 20 p.c. 
sulphuric acid is necessary if the first two are 
present, or 10 p.c. if only aluminium is prcscnl, 
in order to avoid simultaneous precipitation of 
these“metals (Nicolardot and lloglaae, Compt. 
rend. 1919, 108, 348). 

Acid Radicals. 

Carbonic acid. 

The estimation of carbon in carbonates may 
be made by a loss in weight method. The car- 
bonate is weighed into an apparatus fitted with 
a stoppered dropping funnel containing acid 
to decompose the caroonate, and an exit tube 
containing strong sulphuric acid to dry the 
esoi^Jping gas. The apparatus is weighed with 
the acids, &c., after the carbonate has been, 
introduced. The acid is then allowed to drop 
on the carbonate until the decomposition is 
complete, and the liquid boiled to expel dis- 
solved carbon dioxide. .The apparatus is again 
weighed and the loss of weight gives the 
amouift of carbon dioxide. The cfpparatus is 
figured in most treatises on quantitative analysis. 
More accurate results are oDtained by weighing 
the carbon dioxide directly by absorbing it in 


weighed tubes containing soda lime or i^ bulbs 
containing aqueous caustic potash. For a com- 
plete form of apparatus for this estimation, see 
Thorpe’s Quantitative Analyiis, 9th ed. p. 86, 
and Clowes and Coleman’s Analysis, 8th ed. 
p. 104. 

When carbonates and sulphides occur to- 
gether, the gases evolved on treatment with 
acid are passed into a solution of copper acetate 
acidified with acetic acid and heated to boiling. 
Hydrogen sulphide is absorbed, with forma- 
tion of copper .sulphide, and carbon dioxide 
passes on. 

h'or a convenient apparatus for determining 
small quantities of caimon dioxide, see Sinnatt 
(Analyst, 1913, 136). As shown by Morgan a 
solution of phosjihoric acid may convemently 
replace the hydrochloric or sulphuric acid 
usually employed (Proc. Chem. Soc. 1904, 20, 
167). 

For the estimation of carbon dioxide in the 
presence of nitrites, sulphides, and sulphites, see 
Marie, Chora. Soc. Trans. 1909, 1491 ; and 
Wolkowitz, Zcitsch. angew. Chem. 1894, 165. 
Chloric acid. 

Any chlorine present as chloride is deter- 
mined, the chlorate reduced by a zinc-copper 
coii[)le, and the chlorine again determined, 
'fhe difference is the amount of chlorine existing 
as chlorate (Thorpof ('hem. Soc. Trans. 1873, 
541). Thin granulated zinc is washed with 
caustic soda solution, then with dilute sulphuric 
acid, which is allowed to act for a short time, 
and finally with water. It is then covered with 
about 100 c.c. of a 3 p.c. solution of copper 
sulphate heated to 40°-60". When most of the 
copper has been deposited, the liquid is carefully 
poured off, and treatment repeated with a fresh 
quantity of solution. 'J’he zinc-copper couple 
is now very carefully washed witli distilled water 
by decantation, not more than 0*5 gram of 
potassium chlorate, or the equivalent quantity 
of any other chlorate, is weighed out into the 
beaker and dissolved in about 25 e.c. of warm 
water, which should just cover the couple. 
The liquid is licatcd gently for half an hour, then 
boiled for half an hour, dilute sulphuric acid 
added drop by drop until the white precipitate 
of zinc hy dioxide and oxychloride just dissolves, 
filtered, the filtrate neutralised with pure calcium 
carbonate, and the chlorine estimated by 
standard silver nitrate solution (Chem. Soc. 
Trans. 1888, 166). 

This reduction may also be effected bv 
Devarda’s alloy (A1 45, Zn 5, Cu 50). Jannasen 
recommends hydroxylamme sulphate and excess 
of nitric acid as a suitable reauemg agent for 
chlorates while bromiiites and iodate* are best 
reduced by hydroxylamine in ammoniaoal solu- 
tion (Ber. 1905, 38, 1676). Formaldehyde in 
dUutA nitric acid reduces chlorates in 30 minutes 
and bromates in hours; iodates are not reduced 
(Griltzner. Arch. Pharm. 1896, 294, 634 ; com- 
pare Brunner and Mellet, J. pr. Chem. 1908, 77, 
33). 

Hydrobromie, hydrochloric, and hydriodle 
acids. 

As silver salts (AgBr, AgCl, Agp. The solu- 
tion is mixed with excess of silver nitrate, 
aoidified with nitric acid, and heated to boiling. 
The precipitate is treated exactly as in the esti- 
mation 01 silver. 
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HjdrofllUUla Mid* the ga« evolved ia led into two or three bulb 

(а) As calcium fiuoride CaF„ in the case of y -tubes containing a solution of bromine in 

soluble fluorides. The solution is mixed with Jlute hydrochloric acid, which converts the 
a moderate excess of sodium carbonate, heated hydrogen sulphide into srulphurio acid. When 
to boiling, and mixed with excess of calcium decomposition is complete, the liquid in the flask 
chloride. Thd precipitate is washed, dried, and ia boiled, and the last traoaPB of the gas are drawn 
heated to redness in a platinum crucible, then through tho bulbs by means of*an aspirator, 
treated with excess of acetic acid, evaporated to The contents of the bulb tubes are transferred 
dryness, and heated to expel excess of acid. The to a beaker, heated to expel bromine, and tho 
product is now heated with water, and the in- sulphuric acid precipitated by barium chloride, 
soluble caloium fluoride filtered off, washed, and Sulphides which are not decomposed by hy- 
heated. drochlorio acid may be oxidised with aqua regia, 

(б) Indirectly as silicon fluwide S1F4. The hydrochloric acid and bromine, ^or hydroohlorio 
finely powdered solid substance is placed in acid and potassium chlorate, the sulphuric acid 
a deep platinum crucible and covered with throe formed being weighed as barium sulphate, 
orfourtimesita weight of pure precipitated silica. Nitric acid. 

the weight of whicn is accurately known. Sul- (a) Indirectly, as ammonia, by means of the 
phurio acid is then added, and the crucible gently zinc-copper couple fTho^pe), A zinc-copper 
boated for half an hour. Tho temperature is couple (v. Chloric acid) is made in a flask into 


raised to expel most of the sulphuric acid, tho 
residue treated with hydrochloric acid, washed, 
dried, and heated. The hydiofluoric acid is 
calculated from the loss in weight of the silica : 
4I1F = SiOj. The amount of silica in the sub- 
stance must be known, and its weight added to 
that of the admixed silica. 

(c) By distillation and weighing as calcium 
fluoride. The fluoride is decomposed by concen- 
trated sulphuric acid in a platinum apparatus; 
the hydrogen fluoride carried olT in a current of 
air and carbon dioxide and absorbed in a solution 
of pure caustic soda contained in a platinum 
dish. Calcium chloride is added to this solution 
and the precipitate (CaCO^ and CaF^) washed, 
ignited, and > treated with dilute acetic acid in * 
moderate excess. After evaporation to expel 
this excess of acid, tho residue is taken up with 
M'ater and the insoluble calcium fluoride coUeoted, 
washed, and ignited (Jannasch and Rottgen, 
Zeitach. anor^^. Chem. 1895, 9, 267). The 
apparatus employed is figured in Jannasch’s 
Praktisoher Leitfadon der Gewichtsanalyse, 
2nd ed. 411 (compare also J. Amer. Chom. 
Soc. 1901, 2'.], 825 ; and Chem. News, 1905, 
92, 184). 

(d) Directly as silicon fluoride (Fresenius). 
The mineral is finely powdered and intimately 
mixed vith ignited quartz and heated with con- 
centrated sulphurio acid in a dry 
160'^~160®. A current of dry air free from carbon 
dioxide is drawn through the decomposition tube 
and thence through a series of five y -tubes. 
The first of these is empty and cooled by im- 
mersion in cold water ; the second contains glass- 
wool, or, if the substance contains chlorine, half 
is filled with punuers impregnated with anhydrous 
cop^r sulphate, and the other half with pure dry 
calcium emoride. Tho thifd and fourth tubes 
are weighed and serve to absorb the silicon 
fluoride; the third contains pumice moistened 
with water, and the fourth contains soda Ime 
and caloium chloride. The fifth tube is a guard 
tube containing the same reagents as the fourth. 
After one or two hours the decomposition of the 
fluoride is complete, and the gain in weight of tho 
absorotion tubes rc presents the amount of silicon 
fluoride generated. This process may be ren- 
dered volumetric (v. Volumetric sedion}. 

Hydrogen sulphide (sulphides). 

Insoluble sulphides are decomposed by hydro- 
ohlorio acid in a flask similar to that used in 
the gravimetric estimation of carbonic acid, and 


which is weighed a quantity of tho nitrate cor- 
responding with not more than 0’6 gram of 
potassium nitrate, and sufficient water is added 
to just cover the couple. Tho flask is attached 
t-o a condenser, the other end of which is con- 
nected with a U-tubo or flask containing hydro- 
chloric acid, as in the estimation of ammonia. 
The liquid is genUy heated for some time, and 
then distilled nearly to dryness. After cooling, 
a further quantity of water is added to the couple, 
and distillation repeated. The ammonia in the 
distillate is estimated as platiniohlorido, or ia 
received in a measured volume of standard acid 
and titrated. The reduction can also be con- 
veniently effected by the use of Devarda’s alloy 
{v. Chloric acid) in alkaline solution (Analyst, 
1910, 35, 307). 

(5) Schloeeing^s method. When a solution of 
a nitrate is heated with an §,cid solution of a 
ferrous salt, tho nitrate is decomposed, the 
whole of the nitrogen being evolved as nitric 
oxide, which is measured. The difficulty lies 
mainly in obtaining the nitric oxide free from 
air. The apparatus employed consists of a small 
distilling flask provided with a side tube which 
terminates under a gas-coUecting tube in a mer- 
curial trough. The neck i^f the flask is fitted 
with a cork, which carries a tube funnel provided 
with a stop-cock and another tube connected 
with a carbon -dioxide apparatus. Carbon di- 
oxide free from air is passed into the apparatus 
until all air is expelled and tho gas issuing from 
the exit tube is completely absorbed by caustic 
potash. The substance containing the nitrate, 
which must be in the solid condition, ia dissolved 
in 2 or 3 c.c. of concentrated ferrous chloride 
solution, mixed with 1 c.c. of strong hydrochloric 
acid, and introduced into the flask by means of 
the funnel tube, care being taken that no air 
enters. The dish and the funnel are rinsed with 
very small quantities of acid, the object being 
to use as little liquid as possible. Tho contents 
of the flask are then rapidly boiled to dryness, 
the evolved gas being collected in tho tube over 
mercury, and carbon dioxide is driven through 
tho apparatus to expel all nitric oxide. The 
mixture of nitric oxide and carbon dioxide is 
transferred to an apparatus for gas analysis ; the 
latter absorbed by causti^ potash,nnd the former 
mixed with bxy^en and absorbed by alkaline 
pyrogalloL Nitrites are converted into nitrates 
by addition of hydrogen peroxide during evapo- 
ration of the original solution (w. Warington, 




awm. Boo. Tran». 1880, 468, ajid 1882, 

U5). 

t (c) By standard indigo solution (Warington, 
Ofaem. News, 36, 46, and Chem. Soo. Traoa. 
1879, 678). 

(d) As 1 : i-diphtnyl-^ : B-endanilodihrjdro- 
triazole nitrate*' CuoHijN^jHNOa. A 10 p.c. so- 
lution of the base 1 : 4-diphenyl-3 ; 6-endanilo- 
hydrotriazole ‘ Nitron,’ 


C«H,.N 

Hi 


nc,h, 


c! 


N-G,Hg 


ill 6 p.c. acetic acid produces a voluniinous 
white precipitate in dilute nitric acid or nitrate 
solution. Nitrites interfere by giving a sparingly 
soluble salt with thi8^.baBe; they are removed 
by hydrazine sulphate. Bromides, iodides, 
emorates, perchlorates, and chromates, are also 
precipitated by nitron, and must be removed. 
Organic matters do not seriously affect the 
method, which has been tested successfully 
with solutions containing 0-5 p.c. of gelatine, 
and 2 p.c. of dextrin (Busch, Bor. 11)05, 38, 
861). The method gives favourable results for 
nitrates in water or fertilisers (Collins, Analyst, 
1907, 32, 349). 


(e) Howard and Chick have shown that 
cinchonamine gives a very insoluble nitrate and 
can be used in estimating nitric acid and its 
salts (J. Soc. Chem. Ind. 1909, 28, 63). 

Oxalic add. 

As calcium oxalate. The method is already 
indicated under Calcium. 

Phosphoric acid. 

As magnesium pyrophosjihate MgjP^O;. 'J’he 
operation is cc)iid<icted as m the estimation 
01 magnesium. 1« magnesium sulphate is used 
as the precipitant, the precipitate may be con- 
taminated with basic magnesium sulphate ; it is 
therefore advisable to employ a solution of the 
chloride, which is made as follows : 85 grams of 
crystallised magnesium sulphate are dissolved in 
boiling water, acidified with 5 c.c. of liydrochlorio 
acid, mixed with an aqueous solution of 82 
grams of crystallised barium chloride, boiled, and 
filtered, A few drops of magnesium sulphate 
solution are added to be sure that there is no 
excess of barium, then 165 grams of pure am- 
monJtim chloride, and 260 c.c. of ammonia, and 
the solution diluted to 1 litre. After two or 
three days the solution is filtered. In many 
cases the phosphoric acid is first separated by 
ammonium molybdate [o. Methods of separation). 
SiUeio acid. 

As silica^ SiO,. Soluble silicates are acidified 
with hydrochloric acid and evaporated to com- 
plete oiyness ; moistened with strong hydro- 
chloric acid, again evaporated twice to dryness, 
so as to agglomerate the silica, the residue treated 
with dilute acid, and the insoluble silica washed 
with hot water and ignited. 

Insoluble silicates are very finely powdered, 
intuiiately mixed with about five times their 
weight of a dry mixture of sodium and potassium 
oaritonates in* equal proportions, and heated to 
redness in a platinum crucible for*l^lf an hour. 
The o^led mass is treated with w'ater, acidified 
with hydrochlodo acid, and evaporated as 
above. • 

^For the separation of silica yi hen the alkalis 


have to be estimafod, Methods of 
Group VI.) 

Sulphuric acid. 

As barium- sulphate BaSO*, by precipita- 
tion with barium emoride. The chief difficulty 
arises from the tendency of the barium sulphate 
to separate in a finely divided condition and to 
carry down impurities, especially in presence of 
nitrates and potassium salts. These sources of 
error arc avoided by taking care that the solution 
is somewhat dilute, is free from nitrates, and 
contains a moderate but not excessive quantity 
of free hydrochloric acid. The solution and the 
barium chloride solution should both be heated 
to boiling, and mixed gradually, with continual 
agitation. The liquid may be filtered as soon as 
it has become clear, and the precipitate is washed 
with hot water and heated to dull redness. If 
too little hydrochloric acid is present, the pre- 
cipitate is liable to bo impure ; if a very large 
excess of the acid is present, precipitation is not 
(juite comx»lote (compare Allen and Johnston, 
J. Amer. Chem. Soc. 1910, 32, 588). 

Sulphurous acid. 

ludiuctly us barium .siiljihate after oxidation 
by brormrio water, excess of bromine being ex- 
pelled by boiling. 

Thloklphuric acid. 

Indirectly as barium sulphate after oxidation 
by bronftiio water, ftxcess of bromine being ex- 
pelled by boiling. 

Water is usually estimated by 'difference. If 
a direct determination is required, the method 
to bo ado])ted will depend upon circumstances. 
In many cases it is sufficient to heat the substance 
on a watch-glass, or in a crucible in a drying 
oven, at a definite temperature, until the weight 
is constant. During weighing the dried sub- 
stance must be carefully protected from the 
air. Attention must, however, be paid to the 
possibility of the volatilisation of substances 
other than water. Many hydrated haloid salts, 
for example, lose part of their acid. In such 
cases the substance is previously mixed with 
a known weight of perfectly dry load monoxide. 
Ammonia, ammonium salts, and volatile organic 
matter may also bo given off. If the drying is 
conducted in a glass tube, the vapours may be 
led into standard acid and the ammonia deter- 
mined by titration ; the total loss, minus the 
ammonia, gives the amount of water. Some 
substances increase in w'eight in consequence of 
oxidation. ' Frequently it is desirable to collect 
the evolved water and. weigh it directly. The 
substance is introduced into a glass tube (plain, 
or with a bulb in the middle) drawn out and 
bent at right angles at one end, which passes 
directly, without an^ intervening indiarubber 
tube, through the cork of a U-I^oe conUinine 
eithCT calcium chloride or pumice moistened 
withstrong sulphuric acid (v. Oeoanio analysis). 

In certain cases the water may frequently 
be estimated with considerable accuracy by 
boiling the substance with paraffin oil and 
measuring the expelled water in a graduated 
tu^ (cf. Iluntly and Coste, J. Soc. Chem. Ind. 
1913, 32, 62 ; Campbell, ibid. 1913, 32, 67 ; 
Skertchley, ibid. 70 ; St. von Haydin, Analyst, 
1913, 177 ; Michel, Analyst, 1913, 207). 

fiuosilioates, even topaz, evolye silicon 
fluoride on ignition, and water is estimated by 
mixing the mineral with lead oxide in a hard 
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air and passing ik» mm over a layor of laad 
oxide contained in me same tube. Tbe watn 
is oelleoted and weighed in calcium chloride tubes. 

Methods of Sbpaeation, 

A. The Ealimation of the Meidie in tJteir Ores 
and AUoys, 

In this section the metals are arranged in the 
order in which they occur in the qualitative 
groups. Both gravimetric and volumetric me- 
thods are included in this description, the 
latter being indicated wherever possible, owing to 
the greater rapidity with which the analysis can 
be executed. 

Group L 

Silver is separated from all other metals by 
treating its ores and alloys with moderately 
strong nitric acid, evaporating off excess of 
solvent, diluting with water, and adding to the 
filtered solution either hydrochloric acid or 
sodium chloride. To remove any lead or thallous 
chloride which may be present, the precipitate 
is extracted repeatedly with warm water ; it 
should, however, be remembered that silver 
chloride is not absolutely insoluble in hot 
water. Silver is conveniently estimated volu- 
metrioally in the above dilute nitric acid solution, 
after boiling off nitrous fu»toes, by adding ferric 
indicator and titrating with standard ammonium 
thiocyanate in accordance with Volhard’s method 
(see Volumetric, section). The presence of 
other metals having colourless salts does not 
interfere with this process ; nickel, cobalt, and 
copper must not be present to any large extent, 
and mercury should be absent because of the 
insolubility of mercuric thiocyanate. When more 
than 00 p.c. of copper is present, the silver is 
precipitated with excess of alkali thiocyanate. 
The well-washed silver thiocyanate is decomposed 
by strong nitric acid, the sulphuric acid produced 
precipitated by barium nitrate, and the Volhard 
titration effected without filtering off the barium 
sulphate (v. Ber. 1905, 38, 666). 

The silver in argentiferous galena is estimated 
by fusing the sulphide with crude potassium 
hydrogen tartrate (argol), and sodium carbonate 
in an iron crucible, and by heating the lead-silver 
button thus obtained in a porous bone-ash cni- 
cible (‘cupel’) until the lead is removed as 
oxide, partly by volatilisation and partly by 
absorption into the cupel. The residual silver 
is detached from the cold cupel and weighed. 

Gold quartz is assayed for silver by heating 
the mineral with lead oxide, and a reducing flux, 
when the lead produced extracts both the gold 
and silver. This alloy is ctipelled, and the silver- 
gold button is ‘ parted ’ by heating with strong 
nitric acid diluted with three parts of water ; the 
residual gold is collected, ignited, and we^hed. 
The silver is precipitated by hydrochloric acid 
from the nitric acid solution, ’^en more than 
30 p.c. of gold is present in the button beforo 
parting, this metal will retain silver. In order to 
prevent this retention, a known weight of silver 
IS added to the fused button. (For further 
details of the separations of gold, silver, and lead 
in the dry way, see Assayino.) 

ThaUiumf in the more stable thallous con- 
dition to which thallic salts are readily reduced, 
is separated from the metals of Group II. by 


pneipltetiog the Jeiter iritk hydrogist 
in amd solution. AlkaH Ir^ditUDdes sepenktjl it 
from all metals, giving insolable hjrdiomdai^ m 
ammonium sulpt^e, whioh pieoipitates Himm 
sulnhide, separates this metal the nfleidli 
and alkaline earths. Qravimetrioi^, thaUium 
can be weighed as acid sulphate ^IBBOi, flttdile 
at 240®, and as sulphate 'Il,S 04 , stabte at loW 
red h^t ; it can be precipitate and wei|dke<i 
as iodide Til, platiniohloride Tl,PtCl„ and dtto- 
mate Tl 2 Cr 04 . Volumetrically, It can be esti- 
mated by the oxidation of thallous salts by per- 
manganate or by titrating with, thiosulphate the 
iodine set free in accordance with the following 
reaction: TlCl^ + 3K1 = Til + SKQ -f (Chem. 
Soc. Proo. 1908, 24, 76). 

Group II. 

Mercury in its ores is^generally estimated by 
distillation with quicklime in a current of coal 
gas or carbon dioxide. The decomposition of 
the mercury compounds is facilitated by mixing 
copper strips with the quicklime, and the pre- 
sence of this reducing agent is essential in the 
ease of mercuric iodide. The mercury whioh 
diMtils over is collected under water, washed, 
dried, and weighed. Ores containing only small 
imounts of raercory are decomposed by heating 



with iron filings in a poroolain crucible, a, hj^iving 
a silver lid,/, which ia cooled by a water-jacket, 
6, laid upon it. The mercury condenses on the 
under surface of the silver plate, /, which is 
weighed before and after the experiment (v. 
Holloway, Analyst, 1906, 31, 66), 

Mercury is separated^om all other metab 
in the wet way by dissolving the ore or alloy in 
nitric acid or aqua re^ia, diluting considerably, 
precipitating tbe sulphides of Group 11. by hydro- 
gen sulphide, removing the arsenic-tin sub-group 
by means of yellow ammonium sulphide (no# 
s^iura sulphide or hydroxide), treating the 
residual sulphides with dilute nitric acid (sp.gr. 
1*2-1 ‘3), and dissolving the final residue in 
aqua regia and filtering if necessary from sulphur 
and lead sulphate. The mercury can be re- 
precipitated by almost neutralising the acid 
solution, adding in succession ammonium sul- 
phide, caustic soda and ammonium nitwite. 
The oaustic soda redissolves the sulphide initially 
formed as the soluble double sulphide Hg(SNa)^, 
and from this tbe ammonium nitrate repreoipi- 
tales mercuric sulphide in a form suitable for 
collection. The precipitate is washed succes- 
sively with water, alcohol, and carbon disulphide, 
dried at 110®, and weighed as HgS. (B^or other 
methods of separating^meroury, see Jannasoh, 
Zeitsch. anoug. Chem.T896, 12, 132, and 369; 
and Stahlerf Cheiu. Zeit. 1907^ 31, 616.) 

Lead in its ores and alloys is usually separated 
from other m^als by dissolving the substance 
in hydrochloric or nitric acid, or if necessary in 
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4 mixture of the two aolds And erAporating down 
we eolntkm with sulphuric acid until white 
fumes are evolved. The mixture is then cooled 
diluted with water, and the lead sulphate quickly 
collected. If the amount of lead is small, alcohol 
must be added to complete the precipitation. 
The lead suljAiate thus obtained is freed from 
silica, stannic oxide, and other impurities by 
dissolving it in an excess of ammonium or sodium 
acetate. 

When separated as load sulphate, the load 
can be estimated volu metrically by boiling the 
precipitate with ^ammonium carbonate and then 
dissolving the lead carbonate in acetic acid. 1’he 
lead is thus converted into lead acetate which it 
titrated with standard fcrrocyanido using as itidi 
oator drops of uranium acetate on a porcelain 

f )late. The lead may al^o be reprocipitated as oxa- 
ate from the acetate solution by alkali oxalate, 
the washed lead oxalate being then suspended 
in dilute sulphuric acid, and titrated with 
standard permanganate. From the solution of 
the sulphate in sodium acetate the lead can bo 
precipitated as chromate by potassium dichro- 
mate. The chromate is dissolved in dilute nitric 
acid, and reduced with methyl or ethyl alcohol. 
The solution, rendered ammoniacal, is treated 
with oxalic acid, when lead is precipitated and 
titrated as above with standard permanganate (v. 
Chem. News, 1896, 73, 18 ; J. Amor. Chem. Soc. 
1896, 18, 737; Zeitsch. anal. Chem. 1902, 41, i 
663). Lead may bo separated from copper by 
electrolysing a solution of the metals in dilute 
nitric acid with a weak current (0-6-1 -6 amjieres 
and 1*4 volts), when the lead is precipitated as 
dioxide on the anode (a platinum dish with un- 
polished inner surface). 

Bismuth is separated from all other metals 
but those of Group II. by the precipitation of its 
sulphide by hydrogen sulphide in acid solution. 
The insolubility of the sulphide in ammonium 
sulphide separates this metal from arsenic, anti- 
mony, and tin. The further separation of bis- 
muth from mercury, copper, and cadmium pre- 
sents no narticular difficulty, and is effect.ea by 
takini? advantage of the solubility of bismuth 
sulphide in nitric acid (sp.gr. 1-26), and the 
precipitation of bismuth oxychloride on diluting 
considerably an acid solution of bismuth chloride. 
The problem of separating bismuth from lead 
is, however, much more troublesome, and the 
following appear to be most trustworthy methods; 
(i.) the separation of the bismuth as basic nitrate 
and -the solution of lead nitrate in dilute am- 
monium nitrate ( J, pr. Chem. 1868, 74, 346) ; (ii.) 
the distillation of the mixed sulphides in a cur- 
rent of bromine, when bismuth bromide is volati- 
lised, leaving behind lead bromide (Jannasch, 
Praktiacher Leitfadcn der Gewiohtsanalyse, 1 sted, 
166); (iii.) the precipitation of bismuth as the 
basic formate ; a repetition of thi.s operation gives 
a ptecipitate free from lead, which is dissolved in 
dilute nitric acid, the solution almost neutralised 
with sodium carbonate, and the bismuth then 
finally precipitated and weighed as phosphate 
BiPO, (Stabler, Chem. Zeit. 1907, 31, 616). The 
lead in the filtrate f^m the formate sepa- 
ration is precipitated as sulphide, converted into 
Bulphale, and weighed as such. I'his method 
of separation gives accurate results (Little and 
Oahen, Aiwdyst, 1910, 36, 301). , 

Copper is separated from the ipetals of Groups 


IIL, IV., V., and VI., by precipitation as sulphide 
by hydrogen sulphide in acid solution. In 
alloys ana ores it is generally separated from 
antimony and tin by rendering these insoluble 
by the action of moderately strong nitric acid. 
If, however, the sulphides of these metals and 
arsenic are present, they are extracted from the 
precipitate with alkali sulphides (not ammonium 
sulphide). The insoluble residue, containing the 
sulphides of copper, bismuth, lead, mercury, and 
cadmium, is treated with nitric acid (v. Mercury 
and Bismuth), Copper is readily separated 
from bismuth by means of ammonium carbonate, 
which precipiiates basic bismuth carbonate, 
leaving copper in solution. The separation from 
cadmium may be effected by one of the following 
methods: — (1) Hydrogen sulphide is passed 
into a boiling solution of the sulphates of copper 
and cadmium in dilute sulphuric acid (1 : 4). 
'I’lie precipitated copper sulphide, which contains 
some cadmium, is rcdissolved in nitric acid, and, 
after expelling excess of the solvent, the precipi- 
tation is repeated. (2) The copper is preci- 
pitated as cuprous thiocyanate, leaving cadmium 
in solution. (3) The copper is converted into 
potassium cuprooyanide K 3 Cu(CN) 4 , with a 
considerable excess of potassium cyanide, and the 
cadmium precipitated with hydrogen sulphide or 
ammonium sulphide (compare also Browning, 
Ainer. J? ScL 1893, P3] 46, 280). 

The following volumetric prooesses.for copper 
are employed in the technical analysis of the 
ores of this metal, (i.) The mineral is dissolved 
m hydrochloric and nitric acids, and the solution 
boiled down with sulphuric acid to expel the 
volatile acids. The copper is precipitated from 
the boiling solution by introducing a sheet of 
aluminium and redissolving in nitric acid with 
the addition of bromine to destroy nitrous 
fumes. The solution is neutralised with am- 
monia, acidified with acetic acid, and treated 
with excess of polassium iodide, when the liber- 
at.ed iodine is titrated with standard thiosul- 
phate (IjOW, J. Amer. Chem. Soc. 1902, 24, 1082). 
(li.) A solution of potassium cyanide is standard- 
ised against pure copper foil by dissolving the 
latter in nitric acid, adding bromine, boiling to 
expel nitrous fumes and excess of bromine, adding 
ammonia till strongly alkaline, and titrating with 
the cyanide solution until the blue tint dis- 
appears. The copper ore is treated as in (i.), the 
copper being precipitated by aluminium, re- 
di.ssolved in nitric acid, and the resulting solution 
titrated in manner just described (v. Brearley, 
Chem. News, 1897 76, 189). (For other methods 
of separating and estimating copper, see also 
Zeitsch. anorg. Chem. 1896, ii. 268 ; Chem. Soc. 
Abstr. 1901, li. 197 ; Amer. Chem. Soo. 1906, 
27, 1224; Zeitsch. anal. Chem. 1907, 46, 128; 
J. Amer. Chem. Soc. 1908, 30, 760; Chem. Zeit. 
190#, 33, 203; Amer. J. Sci. 1909, (iv.) 27, 448.) 

(For cleoiroiytic estimation of Cupper, v. 
ElBOTEO- CHEMICAL ANALYSIS.) 

Cadmium is separated from the other metals 
of Group II. by the methods indicated under 
copper, lead, Ac. In the presence of zinc, Fox 
recommends precipitation in a solution con- 
taining trichloroacetic acid (Chem. Soo. Trans. 
1907, 91, 964). Eleotrolytioally, cadmium is 
, dojxisited from a cyanide solution (0*7-1 *2 ampereo 
and 4-8-6 volts) ; the use of a rotating cathode 
I accelerates the rate of deposition (compare 
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Flora, Amer. J. Soi. 190G, 70, 268 and 892 ; and erapoiaiad nearly to dryneea with rtwag anl 
Avery and Dales, J. Amer. Cbem. Soo. 1897, 19, phurio acid and potassinm hydrogen sulpha^, 
379). the melt dissolved in dilute hydrochlono add 

Tirit ant%m<my, and awentc are separated and titrated with standard permanganate, 
from the remaining metals of Group II. by The arsenious sulphide is dissolvi^ in warm 
digesting the group precipitate at 80® with con- Ammonium sulphide, and the solution heated 
centrat^ yellow ammonium sulphide, when the strongly with strong sulphuric aci(f and potassium 
sulphides of these three metals dissolve, leaving hydrogen sulphate until all the sulphur and 
the other sulphides insoluble. Copper sulphide nearly all the acid are expelled. The residue is 
is appreciably soluble in this solvent, and in the boiled with water to expel sulphur dioxide, 
presence of copper it is preferable to use sodium neutralised, and titrated with standard iodine 
or potassium sulphide, but in the presence of solution in the presence of sodium bicarbonate, 
mercury these reagents are inadmissible, owing Arsenic may also be estimated in minerals 
to formation of the soluble double sulphide (which do not contain phosphates) by fusing the 
Hg(SK),. In the presence of much lead a powdered ore with sodium carbonate and nitre 
small amount of tin is retained in the insoluble or sodium peroxide, extracting the fused moss 
residue. Arsenic rarely occurs in alloys, and with water and precipitating silver arsenate 
in these substances antimony and tin are from the neutralised solution. This precipitate 
separated from other metals as insoluble oxy- fg redissolvod in nitric acid, and the amount 
acids (metantimonic and mctnstannic acids) by of silver in it determined by standard thio- 
Ihc use of nitric acid as solvent. cyanate; whence the quantity of arsenic pre- 

Arsenic is separated from antimony and tin ggnt can be readily calculated. (For other 
by distilling the hydrochloric acid solution of processes for the estimation of arsenic in 
the three elements with ferrous chloride; the technically important materials, v. Clark, C^em. 
arsenic is volatilised as arsenious chloride; this goc. Trans. 1802, 61, 424; Friedheim, Zeitsch. 
compound is collected in cold water and th(‘ anal. ('hem. 1005, 44, 665 ; Heath, Zeitsoh. 
arsenic precipitated as trisulphide (Fischer, anorg. Cheni. 1908, 69, 87 ; Gooch and Phelpa, 
Zeitsoh. anal. Chem. 1881, 21,266). Various Amer. .1. Sci. 1906, (iv.) 22, 488 ; McGowan and 
modifications of this method have been intro- Floris, J. Soc. Chem. Ind. 1905, 24, 2C5 ; Sanger 
duced ; the distillation is carried on in current and Black, Und 26, 1116; Collins. Analyst, 
of hydrogen chloride and hydrogen sulphide, 1912, 37, 229 ) (For tlie detection and estima- 
the latter ^aerving as the reducing agent tion of minute quantities of arsenic, v. Arsenic.) 
instead of xerrous chloride ; the volatilised j 8eparai%on of tin and antimony. In the 
arsenious chloride is converted in the cooled absence of any largo amount of lead or other 
receiver into the trisulphide (Piloty and Stock, metal giving a sulphide insoluble in am- 
Ber. 1897, 30, 1649). (For other modifications, tnonium sulphide, tin and antimony can he 
«ee Gooch and Danner, Amor. J. Sci. 1891, [3| separated from these metals by means of this 
42, 308; Andrews, J. Amer, Chem. Soc. 1895, reagent, but if lead is present in considerable 
17, 869; Rohmer, Ber. 1901, 34, 33; Morgan, amount the tin is never con fpletely extracted, 
Chem. Soc. Trans. 1904, 86; 1001.) a portion always remaining in the insoluble 

The arsenic may also be separated from tin residue. In this case it is preferable to separate 
and antimony by dissolving the three sulphides out the tin and antimony by oxidising them to 
in ammoniacal hydrogen peroxide, neutralising their insoluble hydrated oxides by means of 
the solution with mineral acid, acidifying with nitric acid. Those oxides when fused with 
tartaric acid, and precipitating the arsenic caustic soda in a silver crucible yield sodium 
as magnesium ammonium arsenate by the stannate and antimonata^ the latter of these 
addition of ammonia and magnesia mixture gaits is practically insoluble in dilute alcohol 
(sec Qualitative analysis). (1 vol. alcohol, 2 vols. water), whilst the former 

The following method of separating arsenic is readily dissolved. A repetition of this process 
and antimony in their ores, leads to volumetric with the insoluble antimonate leads to a com- 
prooessos for the determination of these elements pletc separation. 

(Low, J. Amer. Chem. Soc. 1906, 28, 1716). The When present as sulphides, these metals are 
mineral is decomposed by heating with strong conveniently dealt with by Henz’s modification 
sulphuric acid (20 parts) containing potassium of Clark’s method, 'the sulphides are dissolved 
hydrogen sulphate (1*4 parts), and 1 part of in excess of aqueous caustic potash containing 
tartaric acid. The cooled product is taken up potassium tartrate ; the solution is gradually 
with 360 0.0. of hot water, 10 0.0. of strong hydro- heated to boiling with excess of 30 p.c. hydrogen 
chloric acid, and 3 gramssof tartaric acid, and peroxide. When the oxidation of the sulphides 
the solution saturated with hydrogen sulphide, jg complete, excess of oxalic acid is added {16 

The mixed sulphides are dissolved in aqueous grams for 1 gram of mixed metal), the liquid 

potassium sulphide, and the filtrate evapoftited boiled to destroy excess of hydrogen peroxide, 
down with 10 c.o. of strong sulphuric acid and and hydrogen sulpliide passed for some time 
3 grams of potassium hydrogen sulphate until through the hot solution. The precipitated 
the sulphur and the greater part of the free aid antimony sulphide is dealt with as described 

are expelled. The cooled melt is dissolved in under gravimetric estimations. The filtrate 

60 c.o. of strong hydrochloric acid and 26 c.c. is treated witli sulphuric acid, concentrated 
of water, and arsenious sulphide precipitated to a small bulk (160, c.c.), and electrolysed 
by hydrogen sulphide. The antimony remaining at 60® with a current of 0-2-0-3 ampere, and 
in the filtrate is precipitated as sulphide by 2-3 volts, usihg a rotating anode, when the de- 
diluting the solution and passing in more hydro- position of the tin is complete in about one hour 
gen sulphide. The antimonious sulphide is again (Henz. Zeitsch. ^norg. Chem. 1903, 37, 1 ; and 
dissolved in potassium sulphide, the solution Cahen and Morgan, Analyst, 1909, 34, 3). 
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In Clark's original process the filtrate from 
the antimony sulphide, which contains stannic 
tin, is mixed with yellow ammonium sulphide ^ 
in excess and acidified with acetic acid. After i 
some time the stannic sulphide is collected, 
washed with a solution of ammonium nitrate, 
and convertof*, into stannic oxide by ignition. 
In accurate work the antimony sulphide is 
redissolved, and the oxalic acid separation 
repeated in order to obtain the last traces of tin 
(compare Carnot, Compt. rend, 1886, 103, 258). 
(For descriptions of other methods of estimating 
tin and antimony in their ores and alloys, see 
J. Soc. Chem.‘ Ind. 1892, 11, 062; G. W. 
Thompson, J. Soc. Chem. Ind. 1896, 15, 179; 
T. Brown, jun., J. Araer. Chem. Soc. 1899, 21, 
780 ; Argenot, Zeitsch. angew. Chem. 1904, 1 7, 
1274; Levy, Analyst, 1905,30,361; Tanajotow, 
Ber. 1909, 42, 1296.)' 

The following process, due to Pearce, give.s a 
rapid volumetric method for estimating tin in 
its ores. The mineral is fused in a nickel crucible 
with about 20 parts of sodium hydroxide with 
the addition of a little powdered charcoal ; the 
fused mass is dissolved (excepting silica) in 
hydrochloric acid, and the solution rediiocd by 
the addition of iron rods or sheet nickel. The 
stannous chloride thus produced is titrated with 
standard iodine solution in presence of suffi- 
cient hydrochloric acid (1 ; 4) to prevent the 
oxidation of any arsenic or antimony which may 
be present. 

OoJd and platinum are separated chiefly in the 
analytical subgro^ containing arsenic, anti- 
mony, and tin. Fusion of the sulphides with 
sodium carbonate and nitre, followed by extrac- 
tion with water, removes the arsenic. The residue, 
treated with zinc and hydrochloric acid, reduces 
tin and antimony fo the metallic state ; the former 
is dissolved by boiling hydrochloric acid, and the 
lat^r by nitric and tartaric acids,whilst gold and 
platinum are left. Treatment of the mixed 
metals with chlorine water removes gold, and 
dilute aqua reg^i then dissolves platinum, palla- 
dium, and rhodium. From this solution platinum 
is precipitated by ammonium chloride and alcohol, 
and from the filtrate, after neutralisation with 
sodium carbonate, palladium is precipitated as 
cyanide by mercuric cyanide. 

For separation ol palladium from gold, 
platiitum, rhodium, and iridium by means of 
dimethylglyoxime, see Wuiidcr and Thii ringer, 
(Zeitsch. anal. Chem. 1913, 62, OOO ; Analyst, 
1&13, 624). 

The residue from the aqua regia treatment is 
Xoasted in the air ; osmium volatilises as the 
t-etroxide, ruthenium sublimes as the dioxide, 
whilst iridium is left (r, Lcidie', Compt. rend. 1900, 
131, 888 ; and Pla'ptnum metals). 

Molybdenum is precipitated as sulphide pre- 
ferably from a sulphuric acid solution by treat- 
mefit with hydrogen sulphide under pressure. 
Prom the sulphides of the copper-lead subgroup, 
it is separated by digestion with sodium sulphide 
under pressure, when the molybdenum passes 
Into solution and is reprecipitated as sulphide 
by dilute sulphuric acid. Molybdenum sul- 
phide is separated froln the sulphides of anti- 
mony mnd tin by dissolving the laHer in liydro- 
ohlorio acid. The sulphides of arsenic and 
molybdenum are dissolved in hydrochloric acid 
amd potassium chlorate, the ar^uio precipitated 


from the filtrate after adding ammonia and 
magnesia mixture as magnesium ammonium 
arsenate. J'he final filtrate is acidified, and the 
molybdenum reprecipitated as sulphide. Moly- 
bdenum is separate from phosphorus in a 
similar manner. From tungsten it is best 
separated by heating the mixed trioxides or 
their alkali salts at 260®-270° in a current of 
hydrogen chloride, when the molybdenum is 
completely volatilised as the additive com- 
pound Mo 03 , 2 HC 1 , while the tungsten remains 
m the non-volatile residue (Bebray, Compt. 
rend. 1858, 46, 1101 : and Pechard, ibid. 1892, 
114, 173). 

Selenium and tellurium fall into the analy- 
tical sub-group containing arsenic, and after thif 
element has beer removed as magnesium am- 
monium arsenate (v. Molybdenum), the selenium 
and tellurium are precipitated by reducing agents 
such as sulphur dioxide, hydrazine, &c. (i.) Sul- 
phur, selenium, and tellurium are separated by 
fusion with potassium cyanide in a stream of 
hydrogen. On dissolving the mass in water and 
passing air through the solution, the potassium 
telhiride present is decomposed, and tellurium 
is precipitated. When the filtrate is acidified, 
the potassium selenocyanate (KCNSe) is decom- 
posed, yielding selenium, (ii.) The mixed di- 
oxides of selenium and tellurium are dissolved 
in aqusiTUs caustic ^^otash ; the solution, faintly 
acidified with hydrochloric acid, is diluted to 
at least 200 c c, with boiling water, rendered 
just ammoniacal and reacidified with acetic 
acid. After 30 minutes the tellurium dioxide 
18 collected, washed with cold water, and gently 
Ignited (Browning and Flint, Zeitsch. anorg. 
Chem. 1909, 64, 104). 

Gold from all other metals : reduction of an 
acid solution by oxnlic acid or sulphurous acid. 

Selenium from the metals : reduction with sul- 
phurous acid in hydrochloric acid solution. 

Group 111. — 'The metals of Group Ilia, are 
J separated from those of the succeeding groups 
by precipitation with ammonia in presence of 
! ammonium chloride ; the metals of Group Illb, 
arc separated from those of the succeeding 
' group.s by means of ammonium sulphide (v. 

1 General methods of estimation ). 
j Iron, aluminium, chromium, uranium, 
glucmum, and cerium, from zinc, manganese, 
nickel, cobnlt. The solution, which must contain 
iron and uranium as ferric and uranio salts, is 
nearly neutralised, mixed with excess of finely 
divided and recently precipitated barium car- 
bonate, and allowed to remain in a closed vessel 
at the ordinary temperature for some hours 
with occasional agitation. In presence of nickel 
and cobalt, ammoniwan chloride should be added 
to prevent precipitation of traces of these metals. 
Filter and w'ash with cold water. The precipitate 
ma4 contain ferric, chromic, aluminium, glucmum, 
ceric and uranic hydroxides, mixed with barium 
carbonate ; the filtrate contains the other metals, 
together with .some barium. In both oases the 
barium can be removed by means of sulphuric 
acid, but as the barium sulphate carries down 
small amounts of the other metals, it is 
ferable to separate the metals of Groups III. 
and IV. bv a double precipitation witk am- 
monium sulphide (Treadwell). 

Iron and aluminium from zinc, mcmgancHt 
nickel, cobalt, uranium, and metals of the sue- 



A3SAmB18. 287 


etedinff gr&itp«. The Ration, which must con 
Wn bon as a ferric salt, is nearly neutralised by 
s^um or apimonram carbonate. In presence 
of iron the liquid becomes deep red, but no 
precipitate must be formed. Sodium, or, better, 
ammonium acetate, is added in sufficient but 
not excessive quantity, and the liquid is boiled 
until the precipitate becomes granular and 
settles rapidly. Prolonged boiling makes the 
precipitate slimy. The liquid is filtered whilst 
hot, and the precipitate is washed with hot 
water ; if the liquid is allowed to cool the pre- 
cipitate is partially redissolved. The precipi- 
tate is converted into ferric and alurnimum 
oxides by ignition ; the other metals are in the 
filtrate. It is advisable, and in presence of 
nickel essential, to rodissolve the precipitate 
and repeat the process. This method is not 
available for the separation of chromium. 

The same result can be obtained with 
ammonium formate or succinate. 

Aluminium and chromium jrom iron, zinc, 
manganese, nickel, and cobalt. Mix the solution 
with a moderate quantity of pure normal potas- 
sium tartrate, then with pure caustic potash or 
soda until the precipitate redissolvoa, add am- 
monium sulphide in slight excess and allows to 
stand. Wash the precipitate with wat4U‘ contain- 
ing ammonium sulphide. Aluminium and chro- 
mium are in the filtrate, the^ther metal| in the 
precipitate. If iron and chromium are absent, 
it is sufficient to add the alkaline tartrate, 
excess of amaKinia, ammonium chloride and 
ammonium sulphide. 

Separation of iron and aluminium. The fol- 
lowing methods have also been employed for 
this important separation, (i.) Potassium hy- 
droxide dissolves aluminium hydroxide, but not 
ferric hydroxide ; the former is reprocipitated 
from the filtrate by boiling wdth ammonium 
chloride or adding succesHively nitric acid and 
ammonia j the iron precipitate is dissolved in 
acid and reprecipitated by ammonia, (ii.) The 
two metals are precipitated with ammonia and 
the weight of the combined oxides determined. 
The mixture is then digested with strong hydro- 
chloric acid (10 concentrated solution : 1 water) 
until all the iron has dissolved ; the presence of 
free chlorine or hydriodio acid assists the solution 
of the ferric oxide. If alumina predominates, it 
may be necessary to fuse the mixed oxides with 
potassium pyrosulphate. The solution is satu- 
rated with nydrogen sulphide to reduce the iron 
to the ferrous condition ; the excess of this sul- 

{ ihide is expelled by carbon dioxide, and the 
iquid titrated with standard permanganate. 
The proportion of aluminium is determined by 
difference, (iii.) Iron and aluminium may also 
be separated by treating the mixed chlorides 
with strong hymrochlorio acid and ether (equal 
vols.) ; the aluminium chloride is precipitaii^, 
collected, washed with ethereal hydrochloric 
acid and ignited with mercuric oxide (Gooch and 
Havens, .&ner. J. Soi. 1896, 2, 418). (iv.^ The 
separation of small quantities of aluminium 
from excess of iron has Men successfully effected 
by the use of phenylhytlrazine. The iron is 
tot reduced to the ferrous condition by adding 
hjrdroohlorio acid and ammonium bisulphite, 
and the solution almost neutralised with am- 
ineini% a sl%ht excess of phenylhydrazine is 
then i4ded,and after one hour the aluminium 
Voi. 1.— T. 


hydroxide is collected and washed with a solu- 
tion of phenylhydrazine sulphite. In this way 
aluminium oan be separate from iron, man- 
ganese, calcium, and magnesium (Hess and 
uampbell, J. Amer. Chem. Soo. 1899, 21, 779). 

Separation of iron, aluminium, and phos- 
phoric acid. When the total aq^punt of these 
substances is small, the precipitate obtained by 
ammonia- is ignited and weighed (AsssFe^O* 
+ A12034-P205). The precipitate is then fused 
with sodium carbonate and silica, and the mass 
extracted with water containing a little am- 
monium carbonate. The residue containing iron 
and aluminium is evaporated tlown with sul- 
phuric acid to dissolve the iron ; the solution is 
reduced with hydrogen sulphide as in the pre- 
ceding separation, and titrated with permanga- 
nate solution. The solution, which contains all 
the phosphoric acid, is et^aporated down with 
hydrochloric acid to remove .silica ; the residue 
taken up with water, and the phosphoric acid 
precipitated from the filtrate as magnesium 
ammonium phosphate. From the weight of 
magnesium pyrophosphate obtained the amount 
of P2O6 is ilctiTuiincd, and the AlgOg is obtained 
bv difference. If the total amount of these 
three substances is large, the original solution 
may bo divided into three aliquot portions, in one 
of which the phosphoric acid is precipitated as 
ammonium phosphomolybdate, in the second 
part the iron is determined volumetrioally, and 
from the third the total precipitate (Fe^Oj, 
A1 j{ 03,P205) is obtained (compare Cooksey, 
Analyst, 1908, 33, 437). 

Chromium is readily separated from many 
metals, e.g. aluminium, by conversion into 
chromate, which is nob precipitated by alkalis. 
This can be done in one of the following ways, 
(a) Make the solution alkaline VHth caustic potash 
or soda, saturate with clilorine,*and then heat to 
I expel excess of gas, and decompose hypochlorites 
by heating with ammonia. (6) Ammonium 
persulphate is added to a solution containing 
( hroraium, iron, and aluminium. On boiling, 
the chromium is oxidised to chromate, the aoid 
set free during oxidation being sufficient to keep 
the iron and aluminium in sffiution (G. v. Knorre, 
Zeitsch. anorg. Chem. 1903, 16, 1097). (For the 
estimation of chromium in chromite and chrome 
steel, see Volumetric section.) 

Aluminium from chromium. After ohro- 
tnium has been converted into chromic aoid, the 
aluminium may be precipitated as hydroxide 
or as phosphate (y. Determination of metals). 
The filtrate is acidified, heated to boiling, and 
sodium thiosiilphato added until the chromium 
is completely reduced ; it can then be estimated 
as phosphate in the same way as aluminium; 
or caustic alkali is added to the solution of the 
metals until the precipitate at first formed re- 
dissolves. Bromine-water is added until the 
green colour of the solution is changed to the 
yellow of a chromate solution. The liquid is 
heated to boiling, and more bromine-water 
added drop by drop to precipitate the alumina 
I in a non-gelatinouB form, 
j Uranium is separated from the other metals 
of this group by the solubility of its hydroxide, 
sulphide, and«acid uranates, in ammonium car- 
bonate. 

Uranium from Iron and Aluminium. An aoid 
solution oontainihg ammonium salts is mixed 

? 
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*nth excess of ammonium carbonate and am- 
monium sulphide in a closed flask. The pre- 
cipitate contains ferrous sulphide and alumimum 
hydroxide; the uranium remains diMOlved as 
the double carbonate U02‘C03,2(NH4)2C03. 
The filtrate is concentrated considerably, acim- 
Tied with hyllrochlorio acid, boiled, and the 
nranium precipitated as ammonium diuranate 
with ammonia. The precipitate is igfiited and 
weighed as U.O^. Or this oxide is heated 
with dilute sulphuric acid (1 : 6) at 1/0 m an 
inort atmosphere (carbon dioxideh sob- 

tion which contains uranyl sulphate 
and uranous sulphate (1 mol.), is titrated with 
standard permanganate solution. 

1 o.c. N KMnO4=0 03593 U. 

Uranium ores are treated in the following 
way. The mineral (0-5-1-0 gram) .s 
in nitric acid or silica [ 

evaporation, the soluble residue extracted with 
hyikoehlorio acid, and the metals of the copper 
uroup precipitated by hydrogen snlphido. 1 he 
mtrate is oxidised with pota^nnn chlorate, and 
treated successively with 
ammonia (tUl nearly neutral), 
onrhonute in excess. The mixture is boded and 
sufficient amuioiiium chloiide 
poao excess of sodium carbonate. The prcci 
pitato, which contains the iron, 

IS washed with aqueous ammonium carbonate 

This salt is removed from the faltrate by boilir g 

alone and with nitric acid. The 

almost neutralised mth ammonia, and to the 

boiling liquid arc added successively mioro- 

oosmif sa?t, sodium thiosulphate 

and finally ammonium acclato. Ibc 

uranyl ammoniq.m phosphate, is 

moistened with nitric acid, again ignited ana 

""^^^Urmiium is Separated from thorium (and 
iron) by means of hydroxylaraine hydrochloride 
which in ammoniacal solution precipitates 
thorium and ferric 

uranium m solution (Jamiasoh and bchiUmg, 
Chem. Zeit. 1906, 29, 248). 

Cerium is separated 
saturating the solution with sodium 
salt being added m fine po^d^^^- ^ 

doifble sulphate of cerium and sodium separate s 
and is wLhed with a saturated solution cf 

is precipitated with aluminium in 
1 ^ olnrmnilim and 


Chem. Boo. 189S, 17, 688 ; Wunder WegnM, 
Zeiteoh. anal. Chem. 1912, 51, 470). ^ 
ia soluble in chloroform and may be distil^ 
unchanged. Quantitative resulU b® °b- 

f.inaH ly volatiUsing the salt from bamo 
of iron and aluminium (Klmg and 

Mto, BuU. Boc. chim. 1914, 16, 206; Analyst, 

^^^Barium carbonate dooomposea glucinum 
chloride, thus sepaiating this metal from those 

%nn^ium is separated from the majority of 
metallic elements by ^^^ion with sodiim car- 
benato and potassium nitrate ; the vana^um 
dissolves in water as sodium vanadate. 
mium and manganese would also be found m 
the aqueous extract, but from these metals 
vanadium is separated by the addition of aim 
monium sulphide in excess, when 
and manganese are precipitated respeotiyely m 
hydroxide and sulphide leaving vanadium m 
[solution as a thio vanadate (O' ■ ^ 

Chem. 6, 381; Compt. rend. 1904, 13°, 810 f 
and HiUobrancl. Anier. J. Sci. [4] fi 209) 

arsenic, vanadium may be sepal ated either by 
reducing with sulphur dioxide and preoimtating 
areeniouB sulphide with hydrogen Biilphide or by 
heating the mixed sulphides mlydrogen cUoride 
at 160® when the arsenic is volatilised 
and Smitrj. Ams,r. CTiem. Soo. If 6. 18.1061 . 

Vanadium is separated from phosphorio acid 
by reducing vanadic acid to a hypoyanadio salt 
with sulphur dioxide, and precipitating the 
phosphorus as phosphu molybdate. 

Vanadium and molybdenum are separated 
by the action oi hydrogen sulphide on vanadio 
and molvbdic acids under pressme, moly- 
bdenum sulphide being precipitated, or am- 
monium meta vanadate may be preoipitat^ by 
the action of excess of ammonium ohlonde 
(Gibbs, Amer. Chem. J. 1883, 6, 371) ; the latter 
method serves to separate vanadium from 

*'“"^or*methodsof eetinieting vanafum in iron 
and steel, see Brearley and Ifoteon, The 
Analysw of Steel Works Materials ; and Blair, 
The Chemical Analysis of Iron.) ... 4 

Tungsten is separated from the majority ot 
other elements by fusion with alkali carbonate 
and extraction of the alkali tungstate with 
water. This extract, when acidified with nitrio 
acid and evaporated to dryneM, yields tu^stic 
acid as a residue insoluble in water, ^rom 
arsenic and phosphorio acids tungstjo acid is 
. J i.u., rtf mn.omPiRia mixture. 


" reSorilSrand 

(Jroup III., ^ by one of the wfcch precipitates the arsenic and phosphorus, 

fne^^rethide-* fl) saturated solution leavmgttetungstateinsolution pof.A^- 

rf^sSm -irtonate dissolves out Chem.^^J. 1871. 1,412, and G.hbs, ib,i. 1886, 


the latter unafieoted (Parsons and Barnes, 
J. Amer. Chem. Soo. 1900, 28, 1689). (n.) AJu- 
minium and glucinum chlorides are sepa^ted 
by saturating theii solutions with hydrogen 
Me in the pr^enoe of ether;. the orm» » 
precipitated, the latter temammg dissolved 
T Sfti r41 11. 410)* The acetates 
be separated ‘by the use of hot glacial 
aoette acid, from which solvent fsicglucmum 
acetate 010,(00, 'CH,), 

rates on cooling (Parsons and Robinson, cf. also 
Glassmann, Bel 190(1, 39, 3(366 ; and J. Amer. 


xne Dungswu ui 

hy fusing the finely powdered ore (0*6 gram) 
^th 6 parts of fusion mixture m a platmum 
crucible for half an hour. The fus^ mws » 
extracted with boiling water when alkali tung- 
state passes into solution topther wrth smoate 
and sti^ate. The inspluble residue contains 
iron, manganese, calcium, and magn^ium wrtn 
small amounts of columbic and tantaho acids. 
The filtrate is evaporated to dryness wth excess 
of nitric acid, and the residue, after heating at 
120®. is extracted with dilute ammonium nitrate 
solution ; the residue, which consists of tungstic 
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oxide with silica and stannic oxide, is weighed I 
and then treated with hydrofluoric aoid and 
weighed again. This second residue consists of 
tungstic oxide and stannic oxide, and the latter 
is volatilised by heating repeatedly with am- 
monium chloride until the weight of the final 
residue (WO3) is constant. 

To remove tin the mixed oxides may be 
ignited with zinc powder, and the residue, after * 
extraction with hydrochloric acid, is tungsten 
trioxide (Angenot, Zoitsch. angew. Chem. 19, 
140). 

(For other separations of tungsten from 
its usual associates, .see J. Amer. Chem. Soo. 
1900, 22,^72; Zeitsch. anorg. Chem. 190.5, 45, 
396 ; Zeitsch. anal. ('hem. 1908, 47, 37 ; Bull. 
Soo. chim. 1908, 13, 892 ; Wunder and Schapira, 
Ann. Chim. anal. 1913, 18, 257 ; Marbakor, 
J. Amer. Chem. Soc. 1916, 37, 86.) 

Columbium and tantalum are extracted 
from oolumbite or tantalite by fusing the 
mineral with potassium hydrogen suljihate and 
extracting the fused mass with hot water and 
hydrochloric acid. The residue is treated with 
ammonium sulphide to remove tin, tungsten, 
and again extracted with hot hydrochloric acid. 
The final residue is then dissolved in hydro- 
fluoric acid, the filtered solution is treated with 
potassium carbonate : potassium tantalofluoride 
separates in acicular crystals and the pother 
liquor furnishes potassium columbium oxy- 
fluoride, crystallising in plates (compare Weiss 
and Landecker," Zeitsch. anorg. Chem. 1909, 
64, 66 J and Chesneau, Compt. rend. 1909, 149, 
1132). 

Titanium. In addition to the process given 
under the estimation of titanium, this element 
may bo separated from iron by the following 
methods : (i.) By adding ammonium sulphide to 
an alkaline tartrate solution of the two elements, 
when ferrous suljihide is precipitated (Gooch, 
Amer. Chom. J. 1885, 7, 283). (ii.) By precipitat- 
ing titanic acid with phenylhydrazine (J. Amer. 
Chem. Soo. 1896, 25, 421). I’itauium is separated 
from aluminium by boiling with an alkali acetate 
and dilute acetic aoid, when basic titanium 
acetate is precipitated. 

Titanium and zirconium are separated by 
the following methods : (i.) A solution of the 
elements in dilute sulphuric and acetic acids is 
boiled for some time, when titanic acid is preci- 
pitated (J. pr. Chem. 1869, 108, 76; Zeitsch. 
anal. Chem. 9, 388). (ii.) The aoid solution is 
boiled with zinc till the titanium is reduced to 
titanous salt, the zirconium is then precipitated 
by the addition of potassium sulphate (Compt. 
rend. 1863, 57, 298). (iii.) A neutral solution 
of the nitrates is added ^op^y drop to a boiling 
concentrated solution of ammonium salicylate 
(1 : 6HjO), the solution boiled for one hour, 
concentrated, and the precipitated zirconitra 
salicylate collected and washed with am- 
monium salicylate solution. Titanium sali- 
cylate is soluble in hot water and remains in 
the filtrate (Dittrioh and Freund, Zeitsch. anorg. 
Chem. 1907, 66, 83^, 348). 

Cerium is precipitate in the aluminium 
group (IlLa), and, together with the other metals 
of the rare earths, is separated from iron and 
aluminium by means of oxalio acid or am* 
moniam oxalate. From lanthanum, praseo- 
dymium, and neodymium it may be separated 


by suspending the hydroxides in aqueous 
caustic potash and passing in chlorine until the 
liquid is no longer alkaline. The cerium remains 
precipitated as the yellow hydrated dioxide^ 
w'hilst the other hydroxides are dissolved 
(Mosander). Various 'methods have been pro- 
posed similarly based on the oxidation of cerous 
compounds to the eerie condition (v. Ann. Chem. 
Pharm. 131, 369 ; Monatsh. 1884, 6, 608 ; Ber. 
35, 672). 

Thorium^ together with the rare earths, is 
separated from the other elements by oxalio 
acid. The further separation is effected by the 
following methods: — * 

(i.) Monazito sand is hcatf^d with concen- 
trated sulphuric acid at 180®-200® for 2 to 3 
hours, and the product taken up with water, and 
the rare earths precipitate^^ by the addition of 
oxalio acid. The precipitated oxalates, after 
washing till free from phosphoric acid, are 
ignited, and the resulting oxides dissolved in 
hydrochloric acid. The excess of acid is ex- 
pelled by evaporation at 100°, the residue dis- 
solved in water and treated with sodium 
thiosulphate. After 12 hours the solution is 
boiled for 10 minutes and filtered. The pre- 
cipitate contains thorium, but contaminated 
wdth cerium ; it is therefore redissolved and 
the precipitation repeated until the filtrate gives 
no precipitate on boiling with ammonia. At 
this stage the precipitate is ignited, fused with 
sodium hydrogen sulphate, the product dis- 
solved in water, and the thorium finally preci- 
pitated with oxalic acid, the precipitate being 
ignited and weighed as ThOj (Fresenius and 
Hintz, Zeitsch. anal. Chem. 35, 643). 

(ii.) The mixed oxalates obtained as before 
from the monazite sand are decomposed, and 
the metals converted into nitr^es by repeated 
evaporation with nitric acid. Tne neutral solu- 
tion of the nitrates is diluted with aqueous 
ammonium nitrate (10 p.o.) warmed to 80®, 
and the thorium precipitated as peroxide by the 
addition of pure hydrogen peroxide solution. 
The precipitate, which contains a trace of 
cerium peroxide, is filtered, \^Hhed with aqueous 
ammonium nitrate, ignited and weighed as 
ThO, (Benz, Zeitsch. angew. Chem. 1902, 16, 
297 ; compare Chem. Zeit. 1908, 32, 609). 

(iii.) Precipitation by organic acids, (a) Fumario 
aoid precipitates thorium fumarate in 40 p.c. 
alcohol, leaving the other rare earths in solution 
(Metzger, J. Amer. Chem. Soc. 1902, 24, 901). 
(/3) m-Nitrobenzoic aoid in aqueous solution 
precipitates its thorium salt, the separation 
being complete in the presence of aniline. 
Under these conditions, cerium, praseodymium, 
neodymium, and lanthanum remain in solu- 
tion (Kolb and Akcle, Zeitsch. angew’. Chem. 
1906, 18, 92). 

(iv.) Boiling with potassium azide in neutral 
solution leads to the precipitation of thorium 
hydroxide, the salts of the other rare earth 
metals being unaffected (Dennis, J. Amer. Chem. 
Soo. 1896, 18, 947). Fusion with potassium 
hydrogen fluoride separates thorium and cerium 
from zirconium, for on extraction with water 
containing a little hydrogen fluoride, potassium 
zrreonofluoride* 'dissolves, leaving behind the 
fluorides of thorium and cerium (Chem. News, 
1897, 76, 230). 

Manganese anfl iron are separated in their 
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alloys (fcrromanfrancHe, &c.) by dissolving the 
alloy in hydrochloric acid .with a little nitric 
acid. After boiling off nitrous fumes, the solu- 
tion is filtered and diluted with boiling water 
to 600 o.c. Ammonia is added till a faint 
turbidity remains, excess of neutral ammonium 
acetate is thfn quickly added, and the solution 
boiled. The basic ferric acetate thus precipi- 
tated contains some manganese ; it is therefore I 
redissolved and the separation repeated. The 
united filtrates are trc'ated with excess of 
bromine followed by strong ammonia also in 
excess ; the liquid is vigorously agitated durin" 
the addition of these reagents, and then heated 
slowly to boiling. The precipitate is collected, 
washed with boiling water, ignited and weighed 
as Mn,0, (compare Riggs, Amor. J. Sci. 43, 135 ; 
Gooch, Zeitseb. anorg. Chom. 1808, 17, 2(>8 ; 
Brearley and Ibbotsbn, Chem. Nows, 1902, 82, 
209; Zoitsch. anal. Chem. 1904, 4.3, 382; I 
Jannasch and Riihl, J. pr. Chem. 1905, 72, 1 ; 
Moore and Miller, J. Amer. Chem. Soc. 1908, 
30, 693). I 

Nicied from cohah. The solution, which 
should contain but liltle free acid, is mixed with 
excess of pure potassium cyanide free from 
cyanate (the ordinary cyanide is fused with char- 
coal, dissolved in water, filtered, and evaporated 
in a silver dish), heated to boding, and mixed 
with a solution of mercuric oxide in mercuric 
cyanide. The precipitate, when washed, dried, 
and ignited, loaves a residue of nickel oxide 
NiO, which is weighed. Cobalt is usually deter- 
mined by difference ; but if direct estimation 
is required, the filtrate from the nickel is eva- 1 
porated to dryness, heated for some time { 
with strong sulphuric acid, and the cobalt 
estimated in the solution. 

Nickel can separated from cohalt and all 
the other metals of Groups III. and IV. by pre- 
cipitation in ammoniacal or dilute acetic acid 
solution with dimethylglyoximo {see Estimatmi 
of nickel). If ferric salts are present, they should 
be reduced to the ferrous condition, or tartaric 
acid is added before rendering the solution alka- 
line ; the organic acid prevents the co-precipita- 
tion of iron, chromium, and aluminium (Brunok, 
Zeitsch. angew. Chem. 1907, 20, 1845). 

Cobalt from nickd. (i. ) In acetic acid solution, 
nitroso-i8-naphthol precipitates the cobalt as 
cobaltio nitroao-jS-naphthoxide (Ilinski and 
Knorre, Ber. 18, 699). (ii.) Cobaltic hydroxide is 
precipitated from a neutral solution of the two 
metals by barium carbonate and bromine water 
(Taylor, Proo. Manchester Phil. Soo. 1902, 46, 
(ii) I). (iii.) Small quantities of cobalt can be 
detected and estimated in the presence of nickel 
by adding to a neutral solution concentrated 
aqueous ammonium thiocyanate. On shaking 
with amyl alcohol and ether, these organic 
solvents extract the double salt (NH 4 )jCo(CNS )4 
(blue solution), leaving the nickel in the aqueous 
solution (Ber. 1901, 34, 2050 and 3913). Zinc 
is also removed with the cobalt. 

Cobalt is precipitated as double nitrite on 
adding potassium nitrite to an acetic acid solu- 
tion of the two metals ; the nickel is left in solu- 
tion (Fischer, Pogg. 5Vnn. 72, 477 jl and Funk. 
Zeit«sh.^al, Chem. 1907, 46, 

The solution is treated with ammonium 
chloride, ammonia, and hydi^en peroxide, and 
warmed, when [0o(NH|)|Cl]Cls is formed. On 


neutralising by means of acid, cooling, and 
adding excess of ammonium molybdate, the 
cobalt is precipitated ♦s CojO.jlONHB.fiMoOg. 
This is washed with water and dried at 110° 
(Carnot, Bull. Soc. chira. 1917 fiv.] 21, 211). 

Separation of zinc, manganese, nickel, and 
cobalt. The slightly acid solution of the four 
metals is treated with sodium carbonate till a 
permanent precipitate is formed, which is redis- 
solvod by a few drops of hydrochloric acid ; 
then for every 100 c.c. of liquid 15 drops of the 
same acid are added, followed by 10 c.c. of 20 p.c. 
ammonium thiocyanate ; the solution heated to 
70° is then saturated with hydrogen^ sulphide ; 
the zinc in the precipitate is determined either 
as sulphide or oxide. Manganese is separated 
from nickel and cobalt by passing hydrogen 
sulphide into a solution of their salts in acetic 
acid containing excess of ammonium acetate, 
when nickel and cobalt are precipitated as 
sulphides ; the filtrate may, however, still con- 
tain small amounts of these metals. The solu- 
tion is concentrated, treated with ammonium 
sulphide, and then with acetic acid. A further 
precipitate of nickel and cobalt sulphides is 
t-hus obtained {v. Treadwell and Kramers, 
Zoitsch. anorg. Chem. 1901, 26, 184; compare 
J. Soc. Chem. Ind. 1906, 24, 228 ; Bull. Soo. 
Chilli. 1908, (iv.) 3, 114). 

Zir^r from nickel and cchalt. Add excess of 
pure potassium cyanide and precipitate the zinc 
with sodium sulphide. 

Group IV. — The metals of this group are 
separated from those of the following group 
by precipitation with ammonium carbonate {v. 
General methods of esUmahon). The liquid 
is first made alkaline with ammonia and after- 
wards heated to boil mg to ensure complete pre- 
cipitation. 

Barium from calcium and strontium. The 
dilute neutral or feebly acid solution is mixed 
with excess of freshly prepared bydrofluosilioio 
acid and one-third its volume of 95 p.c. alcohol 
allowed to stand twelve hours, collected on a 
weighed filter, washed with a mixture of equal 
^rts of w^ater and alcohol, and dried at 100°. 
Calcium and strontium are not precipitated. 

Bariu m from strontium. Ammonium bichro- 
mate and ammonium acetate are added alter- 
nately to a solution of barium and strontium 
salts containing ammonium acetate. After 
three hours the precipitate, BaCrOi, is washed 
wiRi ammonium acetate solution, dried at 180-, 
and weighed (Kahan, Analyst, 1908, 33, 12 ; 
V. Zeitsch. anal. Chem. 1905, 44, 742 ; J. Amer. 
Chem. Soc. 1908, 30, 1827). 

Barium and strontium from calciumi The 
solution is mixed \vith a concentrated solution 
of ammonium sulphate, using 60 parts of the 
latter salt for one part of the mixed salts, 
het^ted to boiling with addition of a small quan- 
tity of ammonia, and the precipitate washed 
with water containing ammonium sulphate. The 
filtrate contains the calcium, which can be 
precipitated by ammonium oxalate. 

Calcium from strontium. Convert the metals 
into nitrates, evaporate to dryness, and extract 
with a mixture of equal volumes of alcohol and 
ether, which dissolves calcium nitrate but not 
strontium nitrate. 

Calcium from strontium and barium, Hie 
nitrates are dried at 140* and extracted witli 
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amyl alcohol, which dissolve! out the calcium fa Rltered and the residue wdd wMhed with hot 
salt, leaving the other ^o undissolyed (Brown- water. The fiitrater, which contains calcium and 
ing, Ame^. Sci. 43, 60, 314). the alkalis, is treated in the manner just de- 

Cdcium from magnesium. The calcium is scribed. In this method of decomposition, 
precipitated by ammonium oxalate (v. Determi- which is due to J. Lawrence Smith, the sUicato 
nation of metals\ adding sufficient of this salt is decomposed by the calcium oxide, which ia 
to convert both metals into oxalates, since dissolved by the fuse'd calcium olfloride formed 
calcium oxalate is appreciably soluble in a solu- hv the action of the ammonium chloride on the 
tion of magnesium chloride. In very accurate calcium carbonate. 

separations the precipitate should bo ffitered off, (b) The silicate is treated in a platinum dish 
rodissolved in hydrochloric acid, and reprecipi- with excess ot sulphuric and hydrofluoric acids, 
tated by adding excess of ammonia and a small and the mixture evaporated on the water-bath 
quantity of ammonium oxalate {cf. Richards, until the mineral is entirely deaomposed. The 
Zeitsoh. anorg. Chem. 1901, 28, 71 ; Zeitsch. temperature is then raised to drive off the 
angew. Chem. 1908, 21, 692 ; J. Amer. Chem. greater part of the sulphuric acid, and the 
Soo. 1909, 31, 917). cooled residue extracted with water. The sul- 

Grotip V . — Magnesium from alkalis. The phates are converted into chlorides by barium 
magnesium is precipitated with ammonium chloride, the metals of Groups III. ana IV. pre- 
phosphate in the usual w’ay, the filtrate evapo- cipitatedby ammonia and ammonium carbonate, 
rated to dryness, heated to expel ammonium the magnesium removed by barium hydroxide, 
salts, the residue evaporated two or three times aud the excess of this reagent eliminated by 
with strong nitric acid to remove hydrochloric ammonia and ammonium carbonate. The alkali 
acid, and the phosphoric acid removed by stannic chlorides remaining in the final filtrate are 
oxide {v. Phosphoric acid from melaXs ; v. Gibbs, estimated as indicated in the following section. 
Amer. J. Bci. [3] 6, 114; Neubauer, Zeitsch. (kwtain native silicates of the andalusite group 
angew. Chem. 1 89G, 9, 439 ; Gooch, Zeitsch. 1 arc not decomposed completely by this treat- 
anorg. Chem. 1899, 20, 121). ment with hydrofluoric acid; these miner^s 

In solutions free from ammonium salts, the may, however, be broken up by ignition with 
magnesium can be precipitated as maraesium j ammonium fluoride. 

hydroxide by the addition ftf aqueous Curium (c) The alkali and other metals contained in 
hydroxide. The excess of barium is removed R refractory silicate may be separated by heat- 
hy ammonium. carbonate and the alkalis are mg the mmeral with lead carbonate. The pro- 
cretermined in the filtrate. Magnesium chloride duet is extracted with nitric acid ; the lead 
is also separated from the alkali chlorides by removed as chloride and sulphide, and the 
ignition with mercuric oxide, when mercuric metals in solution dealt with in the customary 
chloride and the excess of oxide volatilise, leaving manner (Jannasoh, Zeitsch, anorg. Chem. 1895, 
magnesia, from which the soluble alkali chloride.s 8, 304). 

are readily separated. id) Silicates of different types are decomposed 

Alkalis from magnesium, (a) The solution by fusion with boric anhydride followed by 
is made distinctly alkaline with pure milk of extraction with methyl alcoholic hydrogen 
lime (calcium hydroxide suspended in water) chloride and evaporation to remove the boric 
and boiled for some time, care being taken that acid as volatile methyl borate (Ber. 1896, 28, 
it remains alkaline. The liquid is filtered, made 2822 ; Zeitsch. anorg. Chem. 1896, 12, 208). 
alkaline with ammonia, and the calcium pre- Potassium from sodium. The metals are 
oipitated by adding ammonium carbonate and converted into chlorides, which are evaporated 
a small quantity of ammonium oxalate. THo to dryness and weighed together after drying at 
filtrate is acidified with hydrochloric acid and 150®. The salts are dissolved in water, mixed 
evaporated in a weighed platinum dish, heated with platinio chloride in sufficient quantity to 
to expel ammonium salts, and the alkaline convert both into platinichlorides, and evyio- 
cblorioes weighed. They should dissolve com- rated nearly but not quite to dryness. The 
pletely in water and should give no precipitate residue is then treated with alcohol, which dis-' 
when mixed with ammonium carbonate ^nd solves the sodium but pot the potassium salt 
allowed to stand for some time. If any calcium (v. Potassium). If the mixture is evaporated to 
is present, it must be removed by repeating tbo complete dryness and heated so that the sodium 
treatment with ammonium carbonate and platinichloride becomes anhydrous, it dissolves 
oxalate. with difficulty in alcohol Under some condi- 

(6) The solution, which must contain only tions reversion takes place and sodium chloride 
potassium, sodium, and mfignesium, is mixed separates in white crystals insoluble in aloohd. 
with excess of oxalic acid, evaporated to dryness, In this case the alcohol is very carefully ^vapo- 
and the oxaUc acid expelled by heating carefqjfly rated and the residue again treated with platinio 
over a lamp until white fumes cease to come off. chloride. 

The residue is treated with water, when potas- In order to separate small quantities of po- 
sium and sodium dissolve as carbonates, whilst tassium from large quantities of sodium, advan- 
magnesium oxide remains undissolved, jtage may be taken of the fact that potassium 

Alkalis from silicates, (a) The finely pqw- emoride is more soluble than sodium chloride 
dered silicate (1 gram) is mix^ intimately with in strong hydrochloric acid (Zeitsch. analyt. 
an equal weight of ammonium chloride and Chem. 1880, 166). The dfy mixed chlorides are 
eight parts of dense granular calcium carbonate, thoroughly moistened with concentrate^ hydro- 
imd heated to redness for half an hour. The chloric acid: 2 o.o. of the acid is then added, 
product is boiled with water in a platinum or ' and the salt thoroughly crushed and stirred with 
rilvur dish for two hours, care being taken to ' a glass rod. Aftfr standing for a few minutes 
make up the loss by evaporation, the liquid the acid is poured off into a small dish. Ten 
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repetitions of this tiv^tmout, using 2 o.o. of 
acid each time, will suffice to remove all potas- 
sium, whilst the greater part of the sodium 
chloride is not dissolved. The acid solution is 
evaporated to dr 3 mess and the potassium deter- 
mined as platinichloride (Chem. Soo. Trans. 39, 
500). aifbpting this plan much less platinio 
chloride is required, and the separation is much 
more accurate. 

Lithium from sodium and potassium When 
a lithia-containing silicate {e.g. lepidolite) is 
broken up by one of the preceding processes 
the precipitable metals of Groups I.-IV. are 
iirst removed and the alkali metals converted 
into chlorides. The combmed chlorides are 
dried and weighed ; potassium is estimated in 
one portion, and in a second portion the lithium 
is estimated by extracting the chlorides with 
amyl alcohol, or better, i^fobutyl alcohol, or 
with ethor-alcohol saturated with hydrogen 
chloride. Anhydrous lithium chloi ido is soluble 
in these media, whereas sodium and potassium 
chlorides are practuially insoluble therein (r/. 
Winkler, Zeitsch. anal. Chem. 1913, 52, 028 ; 
Analyst, 1913, 531 ; Balkin, J. Amer. Chem. 
Soo. 1910, 38, 2326 ; Analyst, 1917, 54). Lithium 
chloride has also been sejiarated from the 
chlorides of the other alkali metals and barium 
by dissolving it in boiling pyridine, in which the 
others are insoluble (Kahlenbcrg and Krauskopi, 
J. Amer. Chem. Soo. 1908, 30, 1104; Skinner 
and Collins, J. Soo. Chem. Ind. 1913, 32, 214) 
(For the separation of lithium as jihospliate and 
fluoride, see Ann. Chim. Phys, 98, 193 ; Frdl. 
29, 332, and Analyst, 16, 209.) 

Rubidium and ca\num arc separated from 
each other and frompotassium by taking advan- 
tage of the ditference in the solubility of their 
platinichlorides.' Rubidium liydrogen tartrate is 
more than nine times less soluble than the 
oiesium salt. Caesium carbonate alone of the 
alkali carbonates is soluble in alcohol, (hesium 
gives rise to a series of sparingly soluble per- 
halides and yields double cbloridos with lead and 
antimony cUoridoa (r. Wells, Amer. J. Sci. 43, 
f3] 17 ; and Amer. Chem. J. 1901, 26, 265). 
The metals may also be separated by taking 
advantage of the different solubilities of their 
respective alums, particularly of their iron alums 
(Browning and Spencer, Amer. J. Sci. 1916, 42, 
279). 

Ammonium salts can be removed from a 
solution in two ways: (1) By evaporating to 
dryiftes and carefully heating over a lamp until 
all fumes cease to come off. (2) By concen- 
trating the solution and heating for some time 
with excess of strong nitric acid. When evolu- 
tion of oxides of nitrogen ceases, the liquid is 
evaporated to complete dryness and the nitrates 
converted into chlorides by repeated treatment 
with hydrochloric acid if necessary. 

B. The Estimation of Acid Radicals. 

1 Bromine from chlorine, (a) The two ele- 
ments are precipitated by excess of silver nitrate 
and weighed together. The filter ash is removed, 
the precipitate oautiopaly heated to fusion, and 
a portion poured into a weighed, porcelain boat. 
The boat is again weighed, heated to fusion in 
a current of ^y chlorine in a glass tube until 
all Inximine is exwlled, and silver chloride 
formed is weighed. It is adi^isable to heat in 


chlorine for a further period of ten minutes and 
weigh again. The loss^f weight multiplied by 
4*223 gives the amount of silver bromide in the 
weight of precipitate treated with chlorine, from 
which the quantity in the whole precipitate is 
readily calculated {v. Indirect methods of de- 
termination). 

This method gives accurate results if the 
proportion of biomino is not too small. When 
a small quantity of bromine is mixed with a 
large quantity of chlorine, the former may be 
concentrated by taking advantage of the fact 
that if a limited quantity of silver nitrate is 
added, the precipitate will contain all the bro- 
mine, but only a portion of the chlorine. In one 
portion of the substance the two elements are 
determined together by complete precipitation. 
Auotlier portion in somewhat dilute solution is 
mixed with a quantity of silver nitrate insuffi- 
cient for oompleto precipitation, and allowed to 
stand in the cold for some time with repeated 
agitation. The precipitate is collected, washed, 
and weighed, and the ])roportion of bromine 
determined in the manner already described. 
The quantity of silver nitrate which should be 
used depends upon the relative proportions of 
chlorine and bromine. If one part of bromine 
is present for every 1000 parts of chlorine, one- 
fifth or one-sixth of the silver necessary for com- 
plete precipitatiorf* should be used ; if one part 
to 10,000, onlv ono-tcnth ; if one part to 100,000, 
only one-sixtieth (Fchlmg). 

(ft) The solution of the two halides heated 
at 70®-80* is treated with ammonium persul- 
phate, and the liberated brommo volatilised in a 
current of air, coHectod in sulphurous acid, and 
estimated as silver bromide (Engel, Compt. rend. 
1894, 118, J263). 

Iodine is separated from chlorine in exactly the 
same way as bromine from chlorine. The loss of 
weight on treating with chlorine, multiplied by 
2*569, gives the weight of silver iodide in the 
portion of prccipilate taken. 

Iodine from chlorine or bromine. The solu- 
tion is slightly aciflibed with hydrochloric acid, 
mixed w'ith palladious chloride until precipi- 
tation is oompleto, and allowed to stand in a 
warm place for twenty-four or forty-eight hours. 
The precipitate of palladious iodide Pdl^ is 
collected on a weighed filter, w^aslled with warm 
water, and dried at 100°, or is reduced by heating 
in hydrogen and the metal weighed. 

iodine can also be liberated by nitrous acid 
and estimated volumetrically (v. Volumetric 
methods). 

Bromine^ chlorine, and iodine from one 
another . {a) The throe elements are precipi- 
tated and weighedUogeihor m one part of the 
solu fcion. In another part the iodine is separated 
as palladious iodide by palladious chloride, or 
belter, nitrate ; the excess of palladium is 
removed by hydrogen sulphide and excess of 
the latter by ferric suljihate ; and the chlorine 
and bromine in the filtrate are precipitated com- 
plotelv or fractionally and the bromine deter- 
mined in the manner previously described. The 
chlorine is estimated by difference. 

(6) A direct method of estimating the three 
halogens in a mixture of their soluble sa^ts has 
been investigated by Jannasoh and his colla- 
borators. The process in its present stage of 
development gives a sharp separation of chmrine 
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and iodine, but the results for bromine are 
rather low. The mixture dissolvea hi 26 o.o. 
of water is heated to* boiling with acetic acid 
and hydrogen peroxide, and tne liberated iodine 
expelled by a current of carbon dioxide. The 
bromine is then liberated by adding excess of 
hydrogen ^roxide and moderately strong sul- 
phuric acid (6 : 3). The iodine is collected in 
an ammoniacal solution of hydrazine sulphate 
and the bromine in alkaline hydrazine sulphate. 
After acidifying with nitric acid, the iodine and 
bromine are precipitated as silver salts, and the 
chlorine left in the distilling flask is similarly 
precipitated (Ber. 190G, 39, 196, 3056; J. pr. 
Chem. 1908, 78, 29 ; Zeitsch. anorg. Chem. 1, 
144 and 246). (For other processes for sepa- 
rating the halogens, see Volumetric section ; and 
Monatsh. 13, 1 ; Chem. Soc. Trans. 1893, 63, 
1061 ; Compt. rend. 1898, 126, 187 ; Ber. 1899, 
32, 3616.) 

Several indirect methods of estimating these 
three elements in a mixture have been pro- 
posed. They are based on tlie methods given, 
together with the fact that the radicals may bo 
precipitated exactly by a standard solution of 
silver nitrate and the precipitate weighed, the 
proportion of silver and halides in the precupi- 
tato being thus determined (v. Fresonius, 
Quantitative Analysis, sect. 6). 

• • 

Indirect Methods of Determination. This 
estimation of two or three halogens in a 
mixture furnishes a good example of indirect 
methods of analysis, which are adojited in those 
cases where the separation of two or more 
constituents is either impossible or inconvenient. 
The calculation of the relative proportions of 
these constituents becomes possible when one 
can obtain as many independent relationships 
as there are radicals to be deter mined. The 
estimation of chlorine and bromine («) is a case 
in point. The loss of weight due to the replace- 
ment of Br.(79-92) by Cl(35*46) is proportional 
to the amount of bromine present. Let w = 
loss of weight. Now 


Cl _ 3^46 
Fr “ 79 '92 


and hence Br ~ ~ 


or Br — 1-797 w : i.e, the loss of weight multi- 
plied by 1-797 gives the quantity oi bromine 
present. 

Similarly, the halogens in a mixture of 
soluble chloride, bromide, and iodide can be 
calculated from the following data : (i.) the 
amount of iodine present, set free by nitrous 
acid or hydrogen peroxide and acetic acid ; 
(ii.) the total weight of mixed silver halides 
obtained from e known Amount of mixture ; 
(iii.) the silver required lor the complete pre- 
cipitation of the three halogens ; this is obtained 
volu metrically. The indirect method can^also 
be applied to the estimation of sodium and 
potassium contained in the mixed chlorides 
from a silicate analysis {v. supra). The data 
required are; (i.) the weight A of mixed 
chlorides ; (ii.) the weight B of chlorine therein 
contained, this amount being determined either 
cravimetrically or volumotrically. Let x and y 
be the amounts of potassium and sodium 
respectively, then these quantities are readily 
calculated from the following equations, where 
Qj K, and Na represent the atomic weights of 
these elements. 


a?4*y “ A — B 
Cl ^C1 


These indirect methods give useful results 
only when the atomic or molecular weights of 
the two radicals difier considerably, ana when 
the quantities present are ^proAmately e<jual. 
Moreover, the results are affected to a consider- 
able extent by comparatively small experi- 
mental errors. 

Cyanide from chloride. Silver nitrate is 
added in excess to an approximately 2 p.c, 
solution of soluble cyanide aiwi chloride. An 
excess of normal nitric acid is now added, and 
the mixture containing the freshly precipitated 
silver salts is distilled, when hydrocyanic acid is 
expelled quantitatively and estimated in the 
distillate by precipitation* as silver cyanide with 
acidified silver nitrate, drying this precipitate 
at 1 10®, and' weighing in a Gooch crucible or on 
a tared filter paper (Plimmcr, Chem. Soc. Trans. 
1904, 85, 12 ; compare also Richards and 
Singer, Amer. Chem. X 1902, 27, 205). * 

Pho.'iphoric acid from metals, (a) The nitrio 
acid solution, as free as possible from hydro- 
chloric acid, and free from silicic and arsenic 
acids, is mixed with excess of a solution of am- 
monium molybdate in nitric acid, heated gently 
for a few minutes, and filtered after standing for 
' a short time. The precipitate is washed with 
dilute nitric acid, dissolved m ammonia, and the 
j phosphoric acid precipitated by magnesia 
I mixture. This method is more especially ap- 
^ plica ble when the quantity of phosphoric acid 
IS relatively small. To prejiaro ammonium 
molybdate .solution, 25 grams of the salt is dis- 
solved in 100 c.c. of dilute ammonia, and the solu* 

, tion poured gradually with coustant and vigorous 
i agitation into 500 c.c. of a Aiixture of 3 vols. 
strong nitric acid and 1 vol. water. The liquid 
is heated at 60® for some time and the clear 
solution drawn off. 

(5) By stannic oxide. The nitrio acid solu- 
tion is concentrated, mixed with fuming nitrio 
acid boiling at 86*, heated gently, and granulated 
tin added gradually in (j^uantity not less than 
four times the amount of phosphorio acid pro- 
;sent. The stannic oxide produced forms an in- 
i' soluble compound with the phosphorio acid. 
This is filtered off, washed with hot water, dis- 
solved in caustic potash, the solution saturated 
with hydrogen sulphide, acidified with acetic 
acid, and the stannic sulphide removed. The fil- 
trate is concentrated, any stannic sulphide which 
separates subsequently is removed, and the 

« oric acid is estimated in the usual way, 
iginal filtrate from the stannic oxide con- 
tains the metals previously combined with the 
phosphoric acid. 

(c) The nearly neutral solution is mixed 
with silver nitrate and digested for some time 
with excess of silver carbonate. The phos- 
phorio acid separates as silver phosphate, the 
metals remain in solution with the excess of 
silver nitrate. The silver is removed by hydro- 
ohloric icid. 

(d) When the phosphorio acid is combined 
with metals ^hich form phosphates ipsolublo in 
water but .soluble in acetic acid, the solution 
is nearly neutralised, mixed with sodium or 
ammonium acetate, and a slight excess of ferric 
chloride containing a known weight of iron 
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Addbd. The liquid ia heated to boilings the 
iQixture of feme phosphate and basic acetate 
washed with hot water, dried, and heated in a 
platinum crucible until the weight is constant. 
The weight of the precipitate minuB the known 
weight of the ferric oxide gives the phosphoric 
anliydride The precipitate may be mois- 

ten^ with nitric acid before the final ignition. 

Phosphoric acid in silicates. In the analysis 
of silicates (v. supra) the phosphoric acid is 
found together with iron and aluminium in the 
precipitate produced by ammonia in the filtrate 
from the silica.,. This mixture is analysed in 
accordance with the method indicated under the 
separations of metals (Group III.). 

Phosphorus and silicon in iron and steel. The 
iron or steel borings are dissolved in nitric acid 
(IHNOb Bp.gr. 1-4 : IM 2 O) ; the solutioii eva- 
porated to dryness, and the residue ignited 
carefully until all the ferric nitrate is coiuerted 
into ferric oxide. The ignited residue is dis- 
solved in concentrated hydrochloric acid heated 
nearly to boiling, when the ferric oxide and 
phosphate pass into solution, leaving insoluble 
silica. The solution is evaporated to dryness, 
moistened with strong hydrocldoric acid, and 
taken up with water ; the silica is collected, 
ignited, and weighed, its purity being tested by 
treatment with hydrofluoric and sulphuric acids. 
The phosphoric acid in the filtrate is estimated 
by either of the following methods. 

(o) The ferric solution, diluted and almost 
Dcutralised with ammonia, is reduced with sul- 
phurous acid or sodium sulphite. Ilydroehloric 
acid is added and the excels of sulphur dioxi<ie 
exi>eiled by boiling. A small jiortion of the 
ferrous iron is now reoxidised ith a lew drops 
of bromine water,^ Ammonia is added care- 
fully till a broivr precipitate is formed which 
booqmes green on stirring. Acetic acid is added 
till the precipitate either dissolves or becomes 
whiter, and the solution then heated to boiling. 
The precipitate, which contains all the phos- 
phorus as ferric phosphate mixed with basic 
ferric acetate, is dissolved in hydrochloric acid, 
the solution evaporated nearly to dryness, excess 
of citric acid added, and then magnesia mixture 
and ammonia. The magnesium ammonium 
' phosphate is redissolved in hydrochloric acid 
and reprecipitated in the presence of citric acid 
to remove a small amount of iron, and ignited 
and weighed as MgjPjO,. 

(6) The filtrate from the silica is evaporated 
to drj^ess, the residue dissolved in dilute nitric 
acid, ammonium nitrate added, and the solution 
heating to boiling. A boiling solution of am- 
monium molybdate is then added to phosphate 
solution, when ammonium phosphomolybdate is 
precipitated quantitatively. This precipitate is 
redissolved ih ammonia to which ammonium 
nitrate and ammonium molybdate are added, 
and reprecipitated by adding hot nitric acid to 
the boiling solution. The compound is now 
pur^ and is collected, washed with water con- 
taWng ammonium nitrate and nitric acid, and 
either dried at 160*-180® or gently ignited. In 
the former case it is weighed as (NH,)jP 04 , 
12MoO| (containing 3‘182 p.c. PaOj) or in the, 
latter * as *PsOb,24MoO| (containing 3*946 p.c. ' 
PtOf) (v. Ber, 1878, 11, 1640; Zeitsch. anorg. I 
Ohem. 1893, 32, 144; Amer. Chem. J. 34, 204;! 
Am^ystJ 1909, 84, 392; Chem.', Zeit. 21, 442). 


I Sepi^tion of phosphoric and titanic acids {v. 
J. Soo. Ohem. Ind. 1895,^ 14, 443). Estimation 
of phosphorus in phosphor-bronze (i>. J. Amer. 
Chem. Soo. 1897, 19, 396) in phosphor-tin 
(J. Soo. Chem. Ind. 1908, 27, 427). 

Silicic acid from titanic acid. The silica 
and titanium dioxide are weighed together, the 
mixture fused with a somewhat large quantity 
of potassium hydrogen sulphate, and the cooled 
mass extracted with water. Silica is left un- 
dissolvcd, titanic oxide dissolves, and can be 
precipitated from the filtrate by ebullition (v. 
Titanium ). 

Sulphides. If the sulphides are decom- 
posable by hydrochloric acid, the hydrogen 
sulphide is absorbed in hydrochloric acid con- 
taining bromine (r. Determination of metals). 
Insoluble sulphides are decomposed by gently 
heating with aqua regia or with hydrochloric 
acid and bromine, and the sulphuric acid 
estimated in the solution. The latter method 
gives the total sulphur. 

Sulphur in coni and coke. The finely pow- 
dered material (1 gram) is mixed intimately with 
1 gram of calcined magnesia and 0*5 gram of 
sodium carbonate, and ignited to dull redness 
in an open platinum crucible for 1 hour, the 
mixture being stirred every five minutes with 
a platinum wire, ^'he mixture is then heated 
strongly for 10 niKiutes with 1 gram of am- 
monium nitrate. The residue is extracted with 
water and the sulphate determined in the usual 
way (Eschka). The sulphur may also be deter- 
j mined by heating the coal with sodium or potas- 
sium carbonate (4 parts) alone, and extracting 
the residue with hydrochloric acid and a few 
drops of bromine (Nakanmra). [Compare also 
Zoitsch. aiigcw Chem. 18, 15()0; Chem. Zeit. 
1908, 32, 349 ; J. lluss. Chem. Soc. 1902, 34, 457.) 

Sulphur in pyrites. The pyrites is oxidised 
either by fusion with sodium peroxide and 
sodium carbonate or by oxidation with nitric 
acid and bromine. These processes convert the 
sulphur to sulphate, which is estimated in the 
usual way (w. J. jpr. Chem. 1892, [2] 45, 103 ; 
Zeitsch. anorg. Chem. 0, 303 ; l.c. 1896, 12, 
120; J. Soc. Chem. Ind. 1905, 24,7; Chem. 
News, 1900, 93, 213). 

A convenient method of determining sulphur 
in pyrites consists in oxidation with bromine 
in carbon tetrachloride solution, followed by 
treatment with nitric acid, and precipitation of 


the sulphuric acid as barium sulphate after 
removal of silica and reduction of ferric salts 
(J. Soc. Chem, Ind. 1912, 919). Bartsch (Chem. 
Zeit. 1919, 43, 33) finds that the sulphur in 
pyrites yields hydrogen sulphide when treated 
with hy^obromio acid in contact with mercury 
and bases on this observation a rapid method 
for the valuation of pyrites. For details of the 
prodbss and the apparatus employed, see Analyst, 
1919, 148. 

Sulphuric acid from aU other acids exupi 
hydrofiuosilicic by precipitation with barittxn 
chloride in presence of hydrochloric acid. 

Sulphuric acid from hydrofiuosilicic acid. 
The solution is mixed with excess of potassiuin 
chloride and an equal volume of strong alcohoJ* 
filtered through a weighed filter, and the precipi-' 
tate of potassium silioofiuoride (KbSiFi), washed 
with a mixture of equal volumes of alcohol and 
water, and dried at 100°. The sulphnrio acid in 
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tlie filtrate ie estimated in the usual way after j 
evaporotion of the alcohol, 

Titanic acid from silicic acid (v Silicic add 
from titanic acid). 

JBoric acid. The borates of the alkali and 
alkaline earth metals, when heated with pure 
methyl alcohol (free from acetone) and acetic 
acid, evolve all the boron present in the form of 
methyl borate (b.p. 66®). •This liquid, when 
added to moist lime, is completely hydrolysed 
and the boric acid set free combines with the 
calcium 'oxide forming calcium borate. The 
decomposition is effected in a small retort fitted 
with a tap funnel for introducing further quan- 
tities of methyl alcohol. The retort is co?inccted 
with a water condenser and a conical flask 
containing a weighed amount of quicldime. This 
lime is carefully slaked before the distillation, 
and the methyl borate drojiping into the conical 
flask is decomposed and the bone acid taken up 
by the lime. The contents of the receiver are 
rinsed into a platinum dish, and the methyl 
alcohol evaporated at as low a temperature as 
possible. The residue is cautiously ignited to 
destroy calcium acetate, and the increase in 
weight of the lime represents the amount of 
boric anhydride B2O3 obtaii^d from the borate. 
Instead of lime, aqueous ammonium carbonate 
may be used in the receiver, and the liquid 
poured on to slaked lime (fr^n a known^woight 
of quicklime) contained m a platinum dish 
(Zeitsoh. anal. Ohem. 1887, 26, 18, 364). 

Volumetric Methods. 

In volumetric analysis the proportion of a 
substance is ascertained, not by separation and 
weighing, but by determining the exact volume 
of a reagent solution of known concentration 
required to produce some particular reaction, 
such as neutralisation, oxidation, or precipita- 
tion. The termination of the reaction is indi- 
cated by some end-reaction, wljich is usually a 
production, destruction, or change of colour, 
the formation of a permanent precipitate or 
the cessation oi the formation of a precipitate. 
In determining the strength of caustic soaa, for 
example, it is coloured yellow with methyl 
orange, and a dilute solution of sulpiiuric acid 
of known strength is added gradually until 
the yellow colour of the methyl orange just 
changes to red, thus indicating the point of 
neutralisation. The volume of acid required is 
noted; the weight of sulphuric acid which it 
oontains, and hence the weight of soda which 
it will neutralise, is known, and thus the pro- 
portion of soda in the substance is determine. 

In order that a reaction may serve as the 
basis of a volumetric process, it must be rapid, 
simple, and definite, and not oomplicated by 
secondary reactions. It should remain consf|.nt 
through considerable variations in conditions, 
and should not, for example, be materially 
affected by the degree of concentration of the 
solution. A final reaction should be rapid, per- 
fectly decisive, and should only require a slight 
excess of the reagent for its production. In 
many oases a thi^ substance is employed to 
indiMte the completion of the reaction, and is 
termed an indicator. It is an iTUernal indicator 
if it is added to the bulk of the liquid, an external 
indicator if drops of the liquid are removed and 
brought in contact with it. 


The execution of volumetric processes in- 
volves the possession of accurately graduated 
instruments of three kinds, viz. flasks, pipettes, 
and burettes. The flasks should be fitted with 
well-ground stoppers, and should have some- 
what long necks, the graduation being not higher 
than the middle of the neck, in oifler that there 
may be sufficient empty space for efficient agita- 
tion. Flasks holding respectively 1000 o.c., 5(X) 
O.O., 250 C.C., and 100 o.c., are used. Each flask 
should have two graduation marks, viz. the 
containing mark, indicating the point to which 
the flask must bo filled in ord#r that it may 
then contain the particular volume of liquid, and 
the delivery mark or point to which the flask 
must bo filled m order that it may deliver the 
given volume of liquid when emptied by drain- 
ing. A pipette is usually a cylindrical bulb 
terminal iiig at each end in a tube, the lower 
of which is drawn out to a jet, whilst the end 
'of the upper tube is slightly contracted so that 
it may bo readily closed by the forefinger and 
the flow of liquid regulated or stopped altogether. 
Usually a pipette has only a delivery mark, but 
occasionally they are graduated throughout their 
whole length, and then take the form of a some- 
what wide tube contracted to a jet at the bottom 
and terminating in a narrower tube at the top. 
Pipettes of 100 c.c., 60 c.c., 26 c.c., 10 0.0., and 6 
c.c. capacity are most generally useful. A burette 
is a long tube of uniform bore, 12 to 16 mm. in 
diameter, graduated in cubic centimetres and 
tenths or fifths. A convenient capacity is 60 0.0. 
It is open at the top and contracted at the 
lower end, to which a glass jet is attached by 
means of a piece of narrow indiarubber tubing. 
This tubing is nipped by a spring pinchcock, 
which is opened by the ]>roHsvre of the fingers, 
the flow of liquid being thus • 
regulated. A better plan is 
to insert in the indiarubber 
tubing a short piece of glass 
rod the diameter of which is 
I just sufficient to prevent the 
I flow of liquid when the tub- 
I ing remains circular. . If,(^owcver, the tubing 
, IS squeezed out laterally by the pressure of 
I the thumb and fore finger (Fig. 9), a channel 
! is made through which the fiquid can pass, 

I and by increasing or reducing the pressure, the 
I flow of liquid can be regulated to a nicety. 

; Certain reagents act upon indiarubber, and for 
these a burette with a glass stopcock should be 
used. This form is, in fact, the most convenient 
for all purposes. The stopcock may be pre- 
vented from sticking by a little vaseline or 
paraffin, and from slipping out by a small india- 
rubber ring passed over the tap and round the 
burette tube. Sometimes the tube carrying the 
stopcock is not in the same line with the burette, 
but is bent twice at right angles, so that the 
burette jet, although stiU vertical, is one or two 
inohes in advance of the burette itself. This 
form is useful when titrating hot liquids, since 
the risk of heating the burette and its contents 
is reduced. An wtemative method is to have 
the top of an ordinary burette funnel-shaped, 
which admiti^of the burette being sipng m a 
stand by the funnel without other support, so 
that it can be tilted from the vertical when 
titrating hot soliitions. 

When a burette is in use, it is impewtant that 


1 2 
Fia. 9. 
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it should be supportert in a vertical position. 
This can be done oy means of a clamp attached 
to a stand similar to a retort stand. A useful 
and easily constructed burette stand is described 
in J. Amer. Chem. Soo. 1906, 27, 1442. 

When several different solutions are being used 
continually, K is convenient to have the series 
of burettes sttaohed to a revolving stand, so 
that each may be brought round to the front 
when required. Short test-tubes inverted over 
the tops of burettes servo to keep out dust. 

Standard solutions should be kept in well- 
stoppered bottjjos in a cool place protected from 
bright li^t. When many determinations of 
the same Kind have to be made, it is convenient 
to keep the reservoir of standard solution at- 
tached to the burette to facilitate the filling of 
the latter. A glass, T-pieco is introduced be- 
tween the graduated part of the burette and the 
stopcock or pinchcock, and is attached by means 
of an indiarubber tube to a tu Indus at the bottom 
of the bottle which contains the standard solution 
and stands on a shelf above the burette. If this 
bottle has no tubulus, a glass tube bent twice at 
right angles, with one limb reaching to the bottom 
of the bottle and the other connected with the 
burette, is fitted into the neck of the bottle by 
means of a cork, and is kept always full, so that 
it acts as a siphon. There must, of course, be 
an entrance for air as the liquid flows from the 
bottle. The flow of liquid into the burette is regu- 
lated by a pinchcock on the indiarubber tube. 
If the standard solution acts upon indiarubber, 
aU these connections must be constructed of 
glass tubing. Burettes may now be obtained 
htted with Greiner and Friedrich’s three-way taps 
(compare Fig. 12) ; those are readily connected to 
reservoirs and flayed from the bottom. Filling 
the burette from the bottom avoids the forma- 
ticyi of air-bubbles, but it can also be filled 
from the top if the tube from the stock bottle 
is bent slightly so that the liquid flows down 
the side of the burette. A convenient form of 
apparatus for this method, which is the only one 
available with an ordinary tap burette without 
a side-tube attachment, is described in Chem. 
News, 1906, 93, 71. When the standard solu- 
tion altera if exposed to am, the surface of the 
liquid may be covered with a layer of rectified 
paraffin of moderately high boiling-point, or the 
neck of the bottle may be provided with a cork 
carrying a tube containing caustic potash, or 
alkaline pyrogallate, through which all air enter- 
ing the bottle has to pass. A still better plan 
is to fill the upper part of the stock bottle 
with carbon dioxide, or, if the nature of the 
solution permits, with coal gas, and connect it 
by means of a cork and tube with a self-acting I 
Carbon dioxide apparatus or the ordinary gas 
supply. When solution is withdrawi, carbon 
dioxide or coal gas enters. The burette should 
be kept permanently attacliod to the reservoir as 
just described, and the top end of the burette also 
put into oommunioation with the inert gas supply. 

Oraduation of tlie instruments . — Accurate 
oabbration of the measuring vessels is of course 
necessary if correct Results are to be obtained, 
and it is never advisable to trjist the makers’ 
graduations. All the mstrumAts shoiUd be 
choked before being taken into use. Although 
it is^iuffioient for most purposes if the relative 
volumes of the vessels are correct, they should 


nevertheless be graduated in true cubic centi- 
metres. With ga8*volumetrio apparatus 
procedure is essential. If the calibration is per- 
formed at a temperature of 18*-20®, variations 
from the true volume resulting from the ex- 
pansion of the glass are so small for the intervals 
of temperature through which the laboratory is 
likely to vary, that they may be neglected. 

The vessels are, checked by ascertaining the 
weight of distilled water at a Imown temperature 
which they w'ill contain or deliver as the case 
may be. A large beaker of distilled water is 
placed in the balance room, and left for some 
hours till its temperature has become constant. 
The vessels to be calibrated are thoroughly 
cleansed by successive treatments with concen- 
trated caustic potash, distilled water, and a warm 
solution of chromic acid in concentrated sul- 
phuric acid, a!id then rinsed well with distilled 
water. The flasks are then dried. A narrow 
strip of paper is attached vertically to the neck 
of the litre flask near the mark, the flask place* 1 
on one pan of a large balance capable of re- 
sponding to 0-06 gram, and counterpoised. 
Weights corresponding with tho weight of vvakT 
which at the temperature of the supply in use 
will occupy 1000 C.C., are then placed in the jan ; 
the flask is filled nearly to the mark with water, 
and water is gradually added until flask and ^ 
weights are in cupnhbrium. Any water ad- 
hering to tho inside of the neck of the flask 
above the mark must bo removed by moans of 
filt(jr paper. If the mark on the neck of the 
flask IS thus found to be in error, a pencil mark 
is made on the strip of paper at the point corre* 
spondmg with the lower eelgo of the meniscus, 
the glass above and below is ovetdy coated with 
a thin film of wax, and a horizontal ring is 
soiotched through by means of a needle pre- 
cisely on a lo\cl with the pencil mark. The 
ring is covered with a small piece of filter paper, 
which is moistened with hydrofluoric acid, oare 
being taken to remove am- bubbles. After a 
few minutes the acid is washed off and the wax 
removed, when a now mark will be found etched 
into the glass. 

In calibrating volumes by determining 
weights of water, it is necessary to reduce the 
weight to vacuum standard, and then divide 
the result by tho density of the water in order 
to obtain accurately the volume in true cubic 
centimetres. This calculation can be avoided 
by making use of the following table : — 
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to obtain the appaient wdght (in air, when | 
brass weights are empJoyed) of 1000 o.o. of water 
at the temperature <. For example, at 18® the 
apparent weight of 1000 o.c. is 1000 -- 2-43 == 
997 *67 grams. 

The litre flask having been graduated to 
contain, it should now be graduated to deliver. 
The full flask is carefully emptied and allowed 
to drain for a definite time — say thirty seconds 
— again counterpoised with the water adhering 
to the inside, and again filled with a furtluT 
1000 c.c. of water in the manner previously 
described. The "other flasks are graduated in 
the same way, subtracting only \x from 500 
grams in the case of the 600 c.c. flask, Jr from 
260 grams for the 250 c.c. flask and so on. 

The quantity of liquid which a pipette will 
deliver depends to some extent on the manner 
in which it is emptied. A small quantity of 
liquid always remains in the jet, and this should 
not be blown out. The best plan is to allow 
the pipette to empty itself whilst held vertically, 
and then to let it drain for twenty seconds with 
the point of the pipette just touching the side 
of the receiving vessel ; but the method of 
emptying employed in the calibration must be 
adWed to in its subsequent use. 

To test the accuracy with which a pipette 
has been graduated, it is filled to the mark 
with distilled water at ait observed tempera- 
ture, the contents delivered into a light, tared, 
stoppered flask, and accurately weighed. The 
operation is repeated several times, and from 
the mean result the true volume is calculated 
by using the table previously given ; for it is 
clear that 1 — denotes the apparent weight of 

1 c.c. of water at t®, or 1 + equals the volume 
at occupied by 1 gram of water weighed in 
air w'ith brass weights. If the error in gradua- 
tion is greater than can be allowed, another 
mark must be made ; its position may be found 
by repeated trials, a strip of paper being pasted 
along the stem, and the volumes corre.sponding 
to various pencil marks being found as above. 
The new mark is then etched in with hydro- 
fluoric acid. 

A convenient method for directly calibrating 
pipettes is described by Thorpe (Quantitative 
Analysis). The pipette is sus- 
ended from one arm of a 
alance by means of a clip, 
so as to hang perpendicularly 
and pass through a hole in the 
bottom of the balance case or 
of a specially constructed table. 

A suitable clip ; Fig. 10) jjon- 
sists of a stout brass wire frame 
carrying two clips of sheet 
brass closed by sliding collars. 

The upper end of the pipette 
is paissed through the lower 
clip and connected by caout- 
chouc tubing with a glass stop- 
cock fixed in the upper clip. 

The other end of the stopcock Fio. 10. 
is provided with a piece of 
caoutchouc tubing, to which a piece of thermo- 
meter tube or a piece of wider glass tube 
can be attached. The wider glass tube, which 
serves as a mouthpiece, is nrst attached to 
the stopoook, and the pipette is filled with 



water to a short distance above the mark, and 
then emptied by the method to be adopted 
in its subsequent use. It is then counter- 
poised on the balance with the adhering water 
inside, the wide tube being replaced by the 
thermometer tube, and the requisite weights 
placed on the other pan. The pipette is again 
filled to a short distance above the mark ; the 
thermometer tube, which is drawn out at one 
end, is attached again, and the stopcock is 
opened. Water drops very slowly from the 
end of the pipcito, and it 
can be arrested the moment ^ 

the balance is in equili- * 

brium. The level of the 
watcr is marked on a piece ^ 

of paper gummed to the ^ 

pipette, and a new r^ig b - 

etched with hydrofluoric 
acid. • J I 

The burette is most I , , 

simply ealibrated by the \ / 

method due to Ostn aid with M 

the help of a small pipette S 

of about 2 Q.C. cajiacity, S r j 

attached to the burette as 
indicated in Fig. 11. The ^ 

burette and pipette arc filled 

with water to the zero mark ) J 

and the mark a respec- j ^ 
tivoly, taking care to leave 4 
no air bublfles in the tubes. |»Ajj 
The clip I (or the tap of the 
burette) is opened and water I 
allowed to run from the 
burette into the pipidto till 
the level h is reached. The 
burette reading is then no- 
ted, and the pipette emptied * , I 
to mark a. These operations 
of filling the pipette, taking 
a burette reading, and then emptying the pipette, 
are repeated to the fuD extent of the burette read- 
ings. Suppose, for example, that after twenty- 
four fillings the burette reading is 49*49 o.o. The 
burette is now refilled, and exactly this amount 
of distilled water is run owt into a tared flask and 
weighed, using all the precautions that would 
be observed in an actual titration. From the 
table already given the true volume of this 
water is calculated. Suppose this to be 49*44 o.o. 
Then the volume of the cahbrating pipette must 

AO- .14 

be 2*060 c.c. The diflerences between 

the successive burette readings and the suo- 
co.ssive numbers 2*00, 4*12, 0*18 . . . give at once 
the burette, errors at these intervals, due regard 
being paid to the sign of the difference. In the 
(,x ample quoted, the correction to be applied 
for 60 c.c. is obviously —0*05 c.c. {see J, Amer. 
Ohem. Soc. 1900, 22, 149 ; and for a modifica- 
tion of above, J. Amer. Chem. Soc. 1901, 23, 484). 

A better design for a calibrating pipette is 
shown in Fig. 12, which also illustrates the 
Greiner and Friedrich three-way tap (Morse 
and Blalock, Amer. Chem. J. 1894, 16, 479). 

The gajj burettes • described under G<u 
analysis maj*be calibrated in muclLthe same 
way ai an ordinary burette, by filling with 
water or mercury, drawing off aliquot portions 
and weighing thpm, the temperature of the liquid 
being noted and the appropriate correction made 
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tot expansion. Any error thus detected must 
be as a correction in subsequent readings. 

Standard solutions^ — These 
form the basis of all volumetric 
work, and great care should be 
exercised in their preparation. 
*■ When a solution is used onlj^ 
for the estimation of one 
substance, it may be convenient 
to adjust its strength so that 
each c.c. is equivalent to some 
simple and definite quantity of 
/he substance, say 0 01 gram ; 
but for general jiurposes the 
so-called mi mal mhdions should 
be employed. A normal solu- 
tion contains in 1000 c.c. the 
equivt.,lent in grams of tlie active 
Bubstanc'c. A solution of one- 
tenth ^his strength is termed a 
fircinonual solution, and one 
of a hundredth a (‘vnlnmmnl 
solution. I’iiuH a normal solu- 
tion of Hulpliunc acid contains 
49-04 grama of real acid per 
htre, a doeinormal solution of 
iodine contains l2-(i9 grams of 
iodine per biro, and each litre 
of a doeinormal solution of 
potassium permanganate con- 
tains 0-8 grams of active oxygon. 

Standard solutions arc usu- 
ally made up ajiproximately 
normal or decinonnal as the ease may be. 


this curve, except ia the cose of very dark- 
coloured solutions, when the upper line of the 
surface must be taken. The menisous must be 
properly illuminated, and on a leved with the 
eye, in order to avoid parallax. The best 
method of avoiding this error is by the use of 
a burette having the graduation marks carried 
half-w'ay round the tube. In default of such 
a burette, use may be made according to Mohr 
of a piece of card one-half of which is black 
and the other half white. This is attached to 
the burette by an indiarubber*ring, and i^ ad* 

I 'usted so that the horizontal edge of the black 
lalf, which is lowest, is 2 to 3 mm., hvi not 
more, below the meniscus. The loAver edge of 
the curve then appears black against the white 
backm-ound. If the card is too low, the reading 
will be slightly too high. The little clamp and 
screen designed by Gockel are based on the 
same principle. Some burettes are provided at 
the back with a dark vortical lino on a milk 
glass background. When the eye is on a level 
with the bottom of the meniscus, the dark line 
appears to be drawn out to two fine points 
which just touch one another. By means of 
those devices accurate readings can easily be 
taken even without using a burette float. 

In addition to the errors incident to all 
analytical processes, another error arises in 
volume^lric analy.sis, •'owing to variations in the 
concentrations of the solutions due to changes 
of temperature. In the case of JV^/10*solutions 
this affects the results to the extent of 0*1 p.o. 

^ _ I for each 6® variation in temperature. With 

and afterwards acouratc'ly stamlardiscd by i concentrated solutions, especially those of the 

titration against wciglu'd amount ot some 'acids and alkalis, the error is greato^. The 

ooofficionts of expansion of certain standard 
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pure compound. If the solution has been jiur- 
posoly made ratlirer too cuncentrated, it may 
then be suitably d^juted until exactly normal 
or decinormal. Since accurate adjustment by 
^lution is difficult to efieot, and in a certain cases 
inadvisable, it is usually better to avoid the 
process and determine a fador by wbic-h readings 
must be multiplied in order to convert them into 
equivalent readings of a normal or decinormal 
solution. For example, if 1 c.o. of potassium 
permanganate solution is found to be capable 
of oxidising 0 -005030 grams of iron, then since 
the corresponding figure for a decinormal solu- 
tion is 0*005585, the permanganate is qj. 

• 1 • 5586 

1*008 times decinormal, and when using it to 
estim&te a .substance of equivalent x, each o.s. 
of permanganate will oxidise X 1*008 

grams .of substance. When only one or two 
litres of a standard solution are required, and 
the pure reagent is at hand, the exact quantity 
may be weired out and diluted to the appro- 
priate volume ; e.g. solutions of silver nitrate and 
potassium diohromate may be thus prepared. 

Measurements . — In measuring out solutions, 
dfc,, the vessels must be perfectly dry, which is 
hkQcmvement, or must bo well drained and then 
rinsed out with a small c|uantity of the solution 
to be measured, which is allowed to run away. 

To read correctly tl^e level of the liquid in a 
burette or pipette requires certain precautions. 
In the firs! place, the instrument m^t be held in 
a Tertioal position. Ordinary liquids form a j 
oonoate sumce, or menisous, ^nd the reading 
shduld always bo taken from thq lowest point of ; 


solutions have been determined by A. Schulze 
(Zeitsch. anal. Cliem. 21, 167). 

Errors due to changes of temperature may be 
eliminated by weighing the solutions instead of 
measuring them. The liquid is contained in a 
light glass bottle, with a long jet-liko neck, and 
a tubulus at the shoulder which can be closed 
by the finger, and the flow of liquid thus regu- 
lated. The bottle is weighed, the solution 
poured gradually from it until the reaction is 
complete, and the bottle again weighed. The 
difference between the two weighings gives the 
quantity of solution used. Convenient weight 
burettes are described in Chem. News, 1877, 
35, 98 ; J. Amor. Chem. Soo. 1908, 30, 31. 

Volumetric methods may be broadly classi- 
fied as I. Methods of Saturation ; II. Methoffii 
of Oxidation and Reduction ; III. Methods of 
Precipitation ; and examples of the two latter 
types of processes ^ indicated below. (For 
methods of saturation, v. Acidimistry and 
Alkalimetry. ) 

1^1 the following section the methods for 
preparing and standardising the more com- 
monly employed solutions are first described, 
followed by details of the various volumetric - 
estimations for which these solutions may be 
conveniently employed, alphabetically arranged 
under the names of the elements that are 
determined. 

Preparation of Standard Solutions. 

Potassium permanganate. 

Employed as an oxidising agent, ustudly in 
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dUnte sulpliwrio iwid »olution, when the per- 
mftnganate deootbposes aooording to the equa- 
tion: 


2KMn04+3HjS04 

' »K»S0*+2Mn8044-3Hj0-f50. 

The oxidation of ferrous sulphate, for ex- 
ample, is represented in the folio wng manner : — 
2 KMnO,+l0FeSO4+8H,SO4 

= K2S04+2MnS04+5Fe,(S04)3+8Hj0 
and of oxalic acid thus : 


2KMn04+f>H2C.^04+3H3S0, 

= K2SO4+2MnSO,4-8H3O4-10CO3. 

In order to facilitate calculation, these oxida- 
tions arc conveniently expressed as a trans- 
ference of oxygen from one oxide to another, e.g. ; 

lOFeO-f MnaO^ => 5 Fe, 03 -f 2 Mn 0 . 

The utility of permanganate solution de- 
pends upon the facts that such oxidation pro- 
cesses are usually quite easy to effect, the end- 
point being readily indicated by the solution 
acquiring a faint permanent pink tinge, due to 
the presence of a slight excess of permanganate, 
which thus acts as its own indicator. Oxida- 
tion usually proceeds rapidly at the ordinary 
temperature, but solutions of oxalic acid must 
be heated to 6()°-80°. It is most essential that 
a considerable excess of sulphuric acid should 
be present (about 6 c.o. of cuncentralcd >cid per 
100 0.0. of solution), since otherwise the solution 
becomes turbid owing to the separation of 
manganese dioxide, and the determination is 
spoilt, ^he ■presence of hydrochloric acid in 
the solution should be avoided, if possible, since 
it reacts wfth the permanganate under certain 
ciroumstanoes, particularly in the presence of 
iron salts. The error that thus arises can be 
reduced to a negligilde amount by adding 
manganese sulphate t o the solution, and titrating 
very slowly. The addition of colloidal silicic 
acid, added in the form of a solution of sodium 
silicate, containing about 0*1 gram SiOa per 
1 O.C., entirely prevents the oxidation of the 
hydrochloric acid in presence of manganous 
sulphate. 

Preparation and titration of the solution . — A 
deoinormal solution containing 3 10 grams of 
the salt per litre of solution is most convenient 
for general use ; it is most readily prepared by 
grinding the solid repeatedly with small amounts 
of distilled water in a mortar and decanting the 
solution into the stock bottle. After a day or 
two, the solution is filtered through asbestos, 
and standardised. If kept away from direct 
sunlight, reducing gases and dust, it retains its 
titre for a long time ; its spontaneous decom- 
position is largely augmerAed by the presence 
of solid dioxide, which explains the necessity 
for the filtration through asbestos (Amer. Chem. ' 
J. 1896, 18, 401). ■» 

The solution is best standardised against 
eleotrol3d;iq iron, anhydrous sodium oxalate, or 
by the iodimctric method of Volhard, using a 
tmosulphate solution which has been recently 
titrated against pure iodine. (For the latter 
method, see Thiosulphate solution, and for the 
first, which requires a somewhat complicated 
apparatus, consult Treadwell- Hail, vol. 2, 81.) 

TiivaHon by sodium oxalate. — ^This method 
WBA proposed by Sdrensen, and its accuracy 
has been fully established by various other 


chemists (Zeitsoh. angew. Ohem. 1902, 16, 
1244 ; 1904, 17. 230 269 ; 1906, 16, {620)! 

The pure oxalate, prepared by Kahlbaum accord- 
ing to S6rensen*s directions, should be dried at 
100® for a few hours before use. 

Tl^ee or four portions of the oxalate, each 
weighing about 0 •25-0 *30 grams,* are dissolved 
in an excess of dilute sulphuric acid ; the solu- 
tions are warmed to 60®-80®, and titrated with 
the permanganate solution until a faint, per- 
manent pink colouration is obtained. From 
the relation 2Na2C204 = Oj, the value of the 
permanganate solution is calculated for each 
titration, and the mean of the concordant 
results adopted as the true value (c/ McBride, 
J. Amer. Ohem. Soc. 1912, 34, 393). 

I Many other methods for standardising per- 
manganate have been proposed, e.g. titration 
against crystalline oxalic^ acid H2Ca04,2Hj0, 
ammonium oxalate (Nll4)202()4,n20, ferrous 
sulphate FeSO 4,71126, Mohr’s salt FeS04. 
(NIl4)2S04,6Hjj0, &c., which although at limes 
convenient, are Jess accurate than the methods 
given. Standardisation against iron wire is not 
to be recommended, since the small quantities 
of oxidisablo impurities present consume more 
permanganate than would be required by their 
own weight of iron, and the error is augmented 
by making aUowance for the actual iron content 
of the wire (Zeitsch. anal. Chem. 1903, 42, 359 ; 
Zeitsoh. angow. Chem. 1901, 14, 1233 ; also 
Tread well- Hall, l.c.). 

It is usual to express the concentration of a 
permanganate solution in terms of the amount 
of iron it can oxidise; thus 1 0.0. of N/IO* 
KMn04 = 0-005685 gram Fo. 

Potassium dichromate. 

A solution of this reagent may replace 
permanganate in the titration' of ferrous salts, 
with the advantage that it can be used in* the 
prosenoo of either hydrochloric or sulphuric acid. 
An excess of free acid is essential, the oxidation 
of ferrous clilorido, for example, proceeding 
according to the equation ; 

KjCraO^-i-eFeCla + UIICl 

= 2KCl+iCVCl3+CFea3+7HjO 

which is essentially ; 

2Cr03-l-6FoO = Cr303-f SFejO,. 

A decinormal solution obtained by dissolving 

“ *(}()— " 4-903 grams of the pure dry te- 

crystallised salt in distilled water and diluting 
the solution to 1 litre, requires no further 
standardisation. A stock solution of approxi- 
mate strength may be standardised against 
several weighed amounts (1-0-1 -4 grams) of 
pure ferrous ammonium sulphate by a similar 
procedure to that described under the standardi- 
sation of permanganate by sodium oxalate. The 
titrations, however, are made in cold solution, 
and the dilute sulphuric acid used should 
gently boiled for half an hour to expel dis- 
solved air, and cooled rapidly just, before use. 
Since the green colour of the onromio salt pre- 
vents the excels of diohromate from being seen, 
an external ifidioator is necessary. 9rops of a 
dilute solution of potassium ferricyanide, free 
from ferrocyanide, are placed on a white plate, 
and from time to time the end of a glass rod. 
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previously dipped in the titrating flask, is 
Drou^jht into contact with a drop of the ferrl* 
cyanide. As lon^ as any ferrous salt remains a 
blue precipitate is produced ; the approach of 
the end is indicated by the decrease in intensity 
of the blue colouration, and when very near 
the end a])ouththirty seconds should be allowed 
for the colour to develop. The end-point is 
reached when the blue colour ceases to appear. 
The ferrioyanido solution should be prei>ared 
only when required by dissolving in water a 
crystal of the salt which has been rinsed to remove 
superficial ferrooyanide : tlic yellow colour of 
the drops on th*o white plate should be barely 
visible ; if the ferricyanido is too concentrated, 
the blue colouration changes through various 
shades of green into a brown tint. 

Iodine, Sodium thiosnl^halc, and Sodium arsenite. 

Decinormal solutions of tliese rcagtmts arc 
frequently used in conjunetion with one another. 
The reaction between iodine and sodium thio- 
sulphate is essentially: 

2Na,S/),-l-l2 = Na,S 40 fl+ 2 NaI 
although under certain circumstances oxidation 
to sulphate proceeds to a small extent, even at 
the ordinary temperature (Pickering). When 
using deeinonnal solutions the eml-jioint is 
readily indicated by the appearance or dia- 
appearanco of the yellow colour oi the iodine, 
provided the solution undergoing titration is 
not unduly diluted and is otherwise colourless. 
The production of a blue colour when free 
iodine and starch solution are brought together 
is, however, much more sensitive, and la the 
method usually employed in asc.-ertaining the ; 
end-point. 

Preparation of starch solution . — About 1 gram 
of powdered starch is rubbed into a pa.ste with 
a liftle cold water, and slowly added to 200 c.c. of 
boiling water, the boiling is continued for two 
or throe minutes, the solution cooled, and after 
some hours the clear liquid is decantetl. The 
solution will only keej) for one or two days, 
unless sterilised, when it is conveniently pre- 
served in small bottli's, completely filled and 
closed by soft rubber stoppers ; it w ill then 
keep indefinitely. Starch paste prepared from 
Gastine’s formula (5 grams starch, O-Ol gram 
mercuric iodide, and 1 litre water) retains its 
sensitiveness for a long time. Addition of 1 o.o. 
of oil of cassia to a litre of starch liquoi is also 

recommended as a preservative. 

Sensitiveness of the iodine-starch reaction . — 
This depends upon several circumstances. It 
is necessary to work with cold solutions, pre- 
ferably neutral or slightly acid ; the presence 
Of mineral agid in high concentration greatly 
impairs the sensitiveness of the reaction, since 
it nvdrolyses the starch. It is essential that 
a soluble iodide should be present (usually this 
is potassium iotlWe) in moderate amount ; the 
best* concentration of potassium iodide to 
employ is about N/160, since the sensitiveness of 
the reaction then reaches a maximum (swZeitsch. 
anal. 0hcm.‘l902, 41, 485; Amer, J. Sci. 1900, 
[iv.] 10, 151 ; J. Am^. Chem. Soo. 1909, 31, 
1038). ♦ V 

Glood starch solution first yields a pink 
ooloura|ion with iodine, which more iodkie 
develops into the blue colour*; starch which 


produces green tints should be rejected (J. Amer. 
uhem. Soo. 1908, 30, 31). It frequently hap^ns 
in titrating arsenious and antimonious oxides 
with iodine that various tints of red make their 
appearance instead of the usual blue coloura- 
tion. This is due to impurity in the starch ; in 
such a case one or two grams of potassium iodide 
are added, the ond-poiiit being ascertained from 
the development of the yellow colour of the iodine, 
and then oonfirmed by the starch (Amer. J. Sci. 
1902, [4] 13, 379). 

Sinnatt (Analyst, 1910, 35, 309) has shown 
that 1 c.c. of a dilute aqueous solution of 
methylene blue (0'05 gram ])or litre) may be 
used in place of starch as an indicator in iodi- 
metrio titrations (see also Analyst, 1912, 37, 
2521. 

h'or the iodine solution 25 grams of potassium 
iodide arc dissolved in a little water, 12-7 grams 
of commercial iodine added, and the mixture 
shaken tdl the iodine has dissolved ; the solu- 
tion is then filtered through asbestos and 
diluted to J litre. It should be kept in the 
dark, and protected from dust. For the thio- 
sulphate solution the crystalline salt NagSjjOg, 
OHgO is di.s.solvod in distilled water, using 
25 grams per litre, and the solution kept away 
from direct sunlight for two weeks before it is 
standardLsed. It then retains its titre for 
months^ For the sodium arsenite, 4-948 grams of 
re.sublimed arsenious oxide are dissolved in a 
little warm sodium hydroxide free from iron, 
the solution rinsed into a litre flask, and made 
just acid to phenolphthalem with dilute sul- 
phuric acid. A lilterod solution of 20 grams of 
.sodium bicarbonate in 500 c.c. of water is added, 
and if the mixture reacts alkaline to the fihenol- 
phthalein, sulphuric acid added till the pink 
colour disappears. This solution, when diluted 
to 1 litre and tliorouglily mixed, is strictly deci- 
normal, and ki'i'ps indefinitely. A measured 
quantity of the A/ 10 -arsenite solution is delivered 
into an Erlenmeyer ibisk, and the iodine solu- 
tion run in from the burette until present in 
slight excess, starch paste being added nearly 
at the finish of the titration {sec remarks on 
starch above). 'Jlie reaction 

AsaOj-f 2I2+2H20 As^O^-f 4HI 

proceed.^ to completion in the sense of the upper 
arrow m neutral solution, a condition secured 
by the presence of the bicarbonate, which 
ineutndjses the hydriodio acid produced. Since 
the solution should be saturated with carbon 
dioxide, it is advisable to stopper the flask 
except when actually introducing the iodine 
(J. Amer. Chem. Soc. 19()8, 30. 31). 

The iodine being standardised, the thio- 
sulphate can be directly titrated against it, 
preferably by running the iodine into a measured 
volume of thiosulphate. 

Many alternative methods have been pro- 
posed for standardising iodine and thiosulphate 
solutions. The latter may be titrated against 
pure iodine : 0 6 gram of pure iodine and 0*1 gram 
of potassium iodide are powdered and mixed 
together in a porcelain dish, and heated on a 
sand-bath till vapour is copiously evolved ; the 
dish is then covered with a dry watch-glass, and 
the greater part of the iodine sublimed on to it. 
The watch-glass is covered w»th a second aGOU.> 
rately fitting glass and the whole weighed, the 
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wo%ht of tho glasses having been previously 
found. The whole is gently placed in a solution 
of 1 gram of potassium iodide in 10 c.o. of water, 
and after a few seconds the solution is diluted 
to 100 0 . 0 . and titrated with the thiosulphate. 

The thiosulphate may also be standardised 
against permanganate, itself verified by reference 
to sodium oxalate. One or two grams of notaa- 
sium iodide are dissolved in water, acidified with 
6 O.O. of hydrochloric acid (1:5) and 26 o.c. of 
standard permanganate added. The iodine, 
which is quantitatively liberated : 

MnjO; + lOHI = 2MnO + 
is then titrated with the thio8ulp>hate, after 
diluting the solution to 100 o.o. By the reverse 
process of calculation, a permanganate solution 
may be standardised against a thiosulphate 
solution that has been verified by either of the 
preceding methods {see Standardisation of per- 
manganate; cf. Annalen, 1897, 198, 333 ; Zeitach. 
angew. Che/n. 1904, 17, 815 ; Ann. Chiin. Anal. 
1904, 9, 366 ; Zeitsch. anorg. Chem. 1906, 49, 
277). 

(For the use of potassium dichromate in this 
connection, see Volumetric estimation of 
chromium ; Zeitsch. anorg. Chem. 1899, 19, 
427 ; 1906, 49, 277. See also Copper under 
Volumetric estimations. For a gravimetric 
method for standard ismg iodine solution, consult 
Amer. J. Sci. 1909, (iv.) 28, 38.) 

Titanous chloride. 

This reagent, introduced into volumetric 
analysis by Knccnt ( J. ISoc. Dyers and Colourist.s, 
19, No. 6; Ber. 1907, 40, 3819), is a powerful 
reducing agent. For example, a hydrochloric 
acid solution of ferric chloride is quicldy and 
quantitatively reduced in the cold, according to 
the equation : 

FeCla + TiClg » FeCU + TiQ^ 
and the end-point is reached when a drop of 
the liquid ceases to produce a red colouration 
with potassium thiocyanate- Chromic acid and 
cupric salts may be similarly estimated, and 
also a large number of organic dyes. 

Fiftj' 0 . 0 . of the commercial 20 p.c. 
solution of titanous chloride, which usually con- 
tains a little iron, are mixed with an equal 
volume of concentrated hydrochloric acid, boiled 
for several minutes, and diluted to 1 litre with 
air-free water. The solution must be kept pro- 
tected from the air; a convenient method is 
figured in Sutton’s Volumetric Analysis (9th ed.), 
p. 224. 

The concentration of the solution is fixed 
by titrating against a known quantity of either 
ferrio salt or potassium difhromate. In the 
former case 36 grams of pure ferrous ammonium 
sulphate are dissolved in dilute sulphuric acid 
ana the solution diluted to 1 litre ; 26 o.c. ilte 
then exactly oxidised with dilute permanganate, 
and the resulting ferrio sulphate titrated with 
the titanous chloride until a drop of the solution 
no longer gives a red colour with potassium 
tMooyanate. Instead of using this ‘ spot-out ’ 
method, 10-20 o.c. of 10 p.o. potassium thio- 
cyanate may be added to the ferrio solution. 
If the standardisation be effected with potas- 
sium diohromate, addition of the indicator to 
‘ the solution itself is inadmissible. Nearly aU 
the titanous chloride necessary, may, however, 


bo added at once, since the colour changes, 
through orange to green and then violet, afiord 
an indication of the end-point. Drops of solu- 
tion are removed for testing when the green 
colour has just disappeared (J. Soo. Chem. Ind. 

1908, 27, 673). 

Pure ferrio alum, the preparation of which 
is described by De Koninck (Bull. Soo. ohim. Bek. 

1909, 23, 222), might also be employed for this 
stamlardisation. 

For a number of estimations it is necessary 
to employ titanous sulphate instead of the 
chloride. , 

Stannous chloride. 

This reagent has long been employed as a 
reducing agent, but the closely allied and more 
powerfully reducing titanous salts appear to be 
displacing it. Ferric salte^ are easily reduced 
in hot acid solution : 

2 Fca 3 + SnCIa == SnCl, -f 2Fea,. 

Iodine in cold acid solution oxidises it 
quantitatively : 

2 SnCl 3 -f“ 2 I 3 <= Snl 4 -f- Sn(^ 4 . 

Ten grams of pure tin in thin pieces are 
heated with 200 e.c. of concentrated hydro- 
chloric acid in a platinum dish until dissolved : 
or a glass flask Tnay be used with a piece of 
platinum foil touching the tin to promote its 
speedy solution. The solution is diluted to 
I litre, and preserved out of contact with the 
air. 

The solution is best standardised by that 
process for which it is afterwards to be employed, 
e.g. if required for iron estimations, by titration 
against a known amount of ferric chloride. 
■■J’he latter may be obtained by dissolving, 
10*03 grams of bright iron wirb.(99’7 p.o. iron) 
in hydrocldoric acid, oxidising with potassium 
chlorate, expelling tlic excess of chlorine oy 
boiling, and diluting the solution to 1 litre ; 
26 c.c. are conveniently used for titrating the 
above solution. 

Sever.al methods have been proposed for 
determining the end-point. The iron solution 
containing 20-40 c.c. of foncentrated hydro- 
chloric acid in a volume of 125 c.c. may be 
titrated nearly at the boiling-point, 16 0 . 0 . of 
indicator solution (34 grams IIgCla+0*06 gram 
Pt as chloride per litre) being added. The 
end-point is reached when a dark-cloud of 
finely divided mercury and platinum is pro- 
duced (Amer. Chem. J. 1893, 16, 360). Or a 
drop of the solution may be mixed with am- 
monium molybdate on a white plate ; the 
slightest trace of stannous salt causes a blue 
coloiu'ation. An alternative is to add a slight 
excess of stannous chloride, and titrate back 
the cold solution with iodine. 

(For the standardisation by moans of iodine, 
see Volumetric estimation of tin.) ^ 

Silver nitrate^ Sodium chloride, and Am- 
monium thiocyanate. 

These precipitation reagents, which are con- 
veniently made of deoinormal strength, are of 
great service for the volilmetrio estimation of 
silver, copper,''* mercury, the halogetf acids, 
cyanides, and thiocyanates. 

Silver nitrate is used either in neutral or in 
nitric acid solution. In the first case potassium 
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obromftte is employed as indicator vrhen halogens 
ixe being estimated (Mohr’s method). Silver 
chromate is decomposed by solutions of halogen 
salts forming silver halide and metallic chromate; 
consequently, sil ver chromate cannot permanently 

exist in the solution until aU the halogen has 
been precip^-ated. The first drop of silver 
nitrate in excess then produces a permanent 
precipitate of silver chromate, which gives a 
faint red tint to the previously pale-yellow 
liquid. This colour change is more readily 
observed in monochromatic light (from a power- 
ful sodium flame). One or two drops of a 
10 p.o. solution of potassium chromate are 
added to the solution, which should not be 
unduly diluted. Silver chromate is soluble in 
mineral acids or ammonia ; hence the necessity 
for working in neutral solution. An alkaline 
solution may be acieftfied with dilute nitric acid, 
and then neutralised with i)owderod calcium 
carbonate. Barium must bo absent from the 
solution, since it precipitates the indicator ; it 
may be removed with sodium sulphate. 

In the presence of nitric acid, silver nitrate 
and ammonium thiocyanate solutions are used 
in conjunction (Volhard’s method, Annalen, 
1878, 190, 47). The addition of thiocyanate to 
a nitric acid solution containing silver causes 
the precipitation of white silver thiocyanate, 
and the end-point is indicated by the rod 
colouration produced by the interaction oithe 
first drop of thiocyanate in excess with a ferric 
salt previously introduced into the solution. 
The thiocyanate should always be added to the 
silver solution. 1’he ferric indicator is prepared 
by adding nitric acid (4:1 boiled to expel 
nitrons acid) to a saturated solution of iron 
ahim until colourless ; C-10 c.o. are used in the 
titration. ^ 

Standard sodium chloride solution is used 
fof the estimation of silver by the very exact 
method originally due to Gay-Lussac. (For a 
description of the method, v. Assaying.) 

Deoinormal silver nitrate in obtained by dis- 
solving 16’99 grams of the pure dry recrystal- 
lised silver nitrate in water and diluting the 
solution to 1 litre. If it is to be used in con- 
junction with the thiocyanate, tliis solution 
may also be prepared by dissolving 10-788 grams 
of pure silver in a slight excess of nitric acid, 
boiling till nitrous acid is expelled, and diluting 
to 1 litre. 

The thiocyanate is prepared approximately 
deoinormal by dissolving the salt in distilled 
water (8 grams per litre), and is standardised 
against the silver nitrate solution, 26 o.c. of 
™oh are diluted to 100 q,c. and titrated as 
described above. 

Volumetric Estimations. 

Aluminium. lodimdrically. The neutral 
solution is boiled with excess of potassium iodide 
and potassium^iodate for twenty minutes in a 
stream of hydrogen ; the iodine evolved, and 
collected in ^tassium iodide, together with that 
which remains in the distilling flask, is titrated 
with J^lO-thiosulphate (Amer. J. Sci. 1906, 20, 
181 ; Zeitsch. anorg. ^iJhem. 1907, 62, 286) ; 

Al*(S04f,+5KI+KI03-f 3H,0 

. «2Al(OH)3-}-3K2SO,-f-34 

Antimony, Antimokious solutions. ia ) lodi - 


mdrkallv. One or two crams of Rochelle salt 
are added, the solution made alkaline with 
wdium bicarbonate, and titrated with Jif/10- 
iodine. I^ = Sb (v. Arsbnio). 

(6) By oxidation. The hot hydrochloric acid 
solution (above 60®) is titrated with i^/lO-potas- 
sium bromate, whieh has been standardised 
against a known amount of pure antimony — 

3 SbCl,-fKBr 03 + 6 Ha= 3 Sba,+KBr+ 3 H, 0 . 

The end-point is indicated by the bleaching of 
a few drops of methyl orange added to the not 
solution (Chem. Zeit. 1903, 27, 749; J. fioo. 
Chom. Ind. 1906, 26, 1181 ; Chem. News, 1907, 
95, 49). 

(r) By oxidation. The cold solution, freely 
acidified with hydrochloric acid, is titrated with 
AyiO-perinanganate (Zeitsch. angew. Chem. 1901, 
14, 1179; J. Amer. Chem. Soc. 1907, 29, 66). 

Antimonic solutions, (a) By reduction to 
the ter valent state, and estimation by one of 
the foregoing processes. Reduction may be 
accomplished: (i.) by boiling the hydrochloric 
acid solution with sodium sulphite or sulphurous 
acid (Zeitsch. angow. Chem. 1 888, 166) ; accord- 
ing to Rohmer, the reduction is not quanti- 
tative unless a gram of potassium bromide is 
added (Ber. 1901, 34, 1565); (ii.) by boiling 
the sulphuric acid solution (100 c.c. containing 
6 c.o. ^ concentrated acid and 4 grams of Rochelle 
salt) with 1-0-1 *6 grams of potassium iodide till 
nearly all the iodine is expelled, exactly bleach- 
ing the remainder wth dilute sulphurous acid, 
diluting, rapidly cooling, and neutralising. The 
solution is then titrated in bicarbonate solution 
with A/lO-iodino (Amer. J. Sci. 1892, 42, 213). 

(6) lodimetrically. The cold solution con- 
taining 20-26 o.c. of hydrochloric acid in a 
volume of 100 c.c., is mixed with 0*6-1 *0 gram 
of potassium iodide and the liberated iodine ti- 
trated with JV/lO-lhiosulphate. I, = Sb (Zeitsch. 
anorg. Chom. 1908, 68, 202 ; cf. ibid. 1903, 37, 
337). 

Arsenic, Absbnious solutions. lodimetri- 
cally. The solution, containing sodium bicarbo- 
nate in excess, is titrated with A/lO-iodine as 
described under the standardisation of iodine 
solution. The bicarbonate may with advantage 
be replaced by disodium hydrogen phosphate 
(J. Amer. Chem. Soc. 1908, 30, 31). 

Arsenic solutions, (a) By reduction with 
hydriodio acid as described under Antimony ^ and 
subsequent titration with iodine ; no Rochelle 
salt is necessary (Amer. J. Sci. 1900, 10, 161). 
Reduction may also be eflected by heating the 
Bulphurio acid solution with sulphurous acid 
in a stoppered bottle for an hour, diluting and 
boiling down to htWi the volume to expel excess 
of sulphurous acid (Zeitsch. anal. Chem. 1883, 
22, 378 ; Chom. News, 1886, 63, 221). 

• (6) By precipitation. The neutral or acetic 
acid solution is precipitated with excess of sflver 
nitrate, and the precipitated silver arsenate 
collected, washed, dissolved in nitric acid, and the 
silver titrated with N/lO-thiooyanate, SAgnAs. 

(c) lodimeiricaUy (Zeitsch. anah Clhem. 1906, 
46, 596 ; compare Amer. J. Sci. 1900, 10, 161). 
{See also Zeitsch. anorg. Chem. 1909i 62, 123, 
for a method suitable for small quantities of 
arsenic.) 

Bi^um, lodimeirically. Excess of ' potss* 
skim iodate is added to the faintly ammoniaeal 
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solotioa. tha piaoipitatad iodate washed with 
ammonia and then with alcohol, dissolved in 
hydrochloric acid and potassium iodide, and the 
iodine titrated with N/lO-thiosulphato, 6I,=Ba 
(J. Amy. Chem. Soc. 1909, 31, 43). 

Bismuth, (a) lodimetrically. The solution, 
as free as possible from minerd acids, is mixed 
with excess of A^/2-potas8ium chromate, shaken 
for 10 minutes, diluted to a known volume, and 
the chromate in an aliquot part of the filtrate 
from the bismuthyl chromate Bia 03 ' 2 Cr 0 j is 
titrated iodimetrically (Zoitsch. anorg. Chem. 
1902, 32, 362 ; Zeitsoh. anal. Chem. 1907, 46, 
223). 

{h) As bismuth ammonium molybdate (J. Araer. 
Chem. Soc. 1903, 26, 907). 

Boron, (a) v. Acidimktry and Alkali- 
metry. 

(6) lodimetrically. The reaction 
6KI+KI03+6HB0j=3Ij-f3Ha04-6KB0a 
is quantitative in a solution saturated with 
mannitol (v. Amor. J. Sci. 1899, 8, 127). 

Bromine v. Hahgtns. 

Calcium. By oxidation. The oxalate, preci- j 
pitated from a hot slightly ammoniacal solution 
{see Gravimetric methods), is washed with warm 
water till free from ammonium oxalate, decom- 
posed with hot dilute sulphuric acid, and the 
oxalic acid titrated with JVVlO-perman^nate. 
The precipitate may also be "dissolved iir dilute 
hydrochloric acid, 0 6 gram of manganese sul- 
phate added, and the solution titrated with 
permanganate .(tJ. Amer. Chem. J. 1905, 33, 500). 

Carbon. Carbon dioxide, v. Acidimetry 
and Alkalimetry, and Gas analysis. 

Cyanogen ACIDS. Cyanates. The cold, dilute 
solution is exactly neutralised with A/lO-hydro* 
chloric acid (using methyl orange or congo red 
as indicator), excess of acid is added, the solution 
boiled for ten minutes, cooled and titrated back 
iV/lO-8odiuin hydroxide. Excess of A'/lO-sodium 
hydroxide is then added, the solution boiled to 
expel ammonia, and titrated back with i^/10- 
hydrochloric acid. From these data two values 
for the cyanate can be calculated, which serve 
to check one another (Chem. News, 1906, 93, 
6 ; compare Zeitsch. angew. Chem. 1901, 24, 
685 ; J. Soc. CTiem. Ind. 1904, 23, 244). 

KCNO+2Ha+HaO = KQ+NH^a+CO,. 

Cyanides, {a) By precipitation, (i.) Excess 
of jV/lO-silver nitrate is added to the neutral 
cyanide solution, and then a little nitric acid. 
The excess of silver is titrated with JV/10*thio- 
cyanate after filtering off the silver cyanide, 
(ii) The slightly alkaline solution is titrated 
with A^/lO-silver nitrate with constant stirring 
till a permanent turbidity ft produced (Liebig, 
Annalen, 1861, 77, 102). This marks the end 
of the reaction : 

2 KCN+^N 03 =KN 0 ,+KAg(CN) 3 , 

The end-point is best observed by adding 6-10 
drops of 20 p.a potassium iodide as an indicator, 
A permanent yellow turbidity, doe to silver 
iodide, is produced as soon as the above reaction 
is completed (Ann. Chim. Phys. 1896, (vii.) 6, 

See Ferrocyanidee (6). 

RRIOYANIDES. (a) The salt is reduced to 
ferrocyanide by boiling with sodium hydroxide 
L--T. 


and ferrous sulphate and the filtered solution 
strongly acidified with sulphuric acid and titrated 
with A/lO-permanganate (v. Ferrocyanides). 
Reduction may also bo effected by boiling with 
sodium peroxide (Arch. Pharm. 232, 226). 

(ft) lodimetrically. The neutral solution (60 
c.c.) is mixed with 3 grams of potassium iodide 
and 1-5 grams of zinc sulphate, the mixture well 
shaken, and the iodine titrated with AT/lO-thio- 
sulphate. 2K.,Fe(CN)e=l2 (Zoitsch. anorg. Chem. 
1910, 67, 418; compare tlnd. 67, 322). 

Feri{( (CYANIDES, (a) By oxidation. The solu- 
tion is strongly acidified with sulphuric acid 
and titrated with A'/JO-permarfganate till the 
colour changes from yellowish -green to yellowish- 
red. If any difficulty is experienced in deter- 
I mining the end-point, a drop of the solution 
may be mixed with dilute ferric chloride. A 
blue colour will develop wlAlst any ferrocyanide 
remains (de llaen, Annslen, 1854, 90, 160 ; 
compare Zeitsch. anorg. Chem, 1910, 67, 418). 

An excess of permanganate may also be 
adiled.thoexcess being determined iodimetrically. 
(For details, consult Zeitsch. anorg. Chem. 1910, 
67, 322.) 

(b) By conversion into hydrocyanic acid. The 
ferrocyanide solution is boiled for five minutee 
with 10 c.c. of A-sodium hydroxide and 16 o.o. 
of SA-magnesium chloride, 100 c.c. of boiling 
JV/lO-mercuric chloride are then added, .and the 
boiling continued for ten minutes. The mercuric 
cyanide produced is distilled for thirty minutes 
with 30 c.c. of 3A-sulphiiric acid, the prussic 
acid collected in 25 c.c. of A-aodium hydroxide, 
a little potassium iodide added, and the cyanide 
titrated with A/l 0-silver nitrate (Feld, Chem. 
Zentr. 1903, ii. 1398 ; Analyst, 1908, 33, 261 ; 
1910, .35, 295). 

Thiocyanates, (a) By precipitation. As in 
standardising ammonium thiocyanate solution; 
the thiocyanate must be added to the silfer 
nitrate, and not vice versd, since nitric acid 
decomposes thiocyanates. 

(6) By oxidation. The thiocyanate is ti- 
trated in concentrated hydrochloric acid solu- 
tion with potassium iodate, in a stoppered 
bottle, with vigorous shaljing. The end-point 
is reached when 6 c.c. of chloroform previously 
introduced are no longer coloured by iodine 
(J. Araer. Cliem. Soc. 1908, 30, 760); e.g, 
4CuCNS+7Kr03+14HCl 

= 4CuSO 4 + 7Ka 4- 7ia +4Ha +5H,0. 
Oxidation in dilute sulphuric acid solution with 
permanganate is untrustworthy. 

Cerium, ia) lodimetrically. Ceric oxide is 
warmed with concentrated hydrochlorio acid 
and potassium iodide in a stoppered bottle till 
complete solution is effected. The liberated 
iodine is then titrated with A/10- thiosulphate 
(Bunsen, Annalen, 1858, 105, 49 ; also Amer. 
J. Sci. 1899, 8, 451). 

20eO,+8HCl+2KI *= 20ea,4-2J£a-l-Ia+4Hj0 

(5) By oxidation. The washed oxalate is 
suspended in hot dilute sulphuric acid and 
titrated with A/ 10-permanganate {v. Calcium* 
Zeitsch. anal Cnem. 1880, 19, 194; Amer. J. 
Sci. 1899, 8, 467). 

(c) By redw^on. The cerium is oxidised with 
sodium bismuthate in boiling su^hurio acid 
solution to ceric sulphate and the filtered solu- 

% . T 



frt ANALYSia 


tion reduced by a slight excess of ferrous 
sulphate, the excess being titrated with N/10» 
perznangannte. Other rare earth metals do not 
interfere * (J. Amer. Chem. Soo. 1909, 31, 623; 
1910, 32, 642 ; compare Compt. rend. 1899, 
128, 101 ; Ber. 1900, 33, 1924 ; Ber. 1903, 36, 
282). , 

(d) Other methods (Zeitsch. anorg. Chem. 
1907,64,104; 1908,60,71). 

Chlorine v. Halogens. 

Chromium. The chromium should be in the 
form of chromate. 

(a) lodimetncally. The chromate solution is 
acidified with hydrochloric acid (5 c.c. of concen- 
trated acid per 100 c o. solution), 1 or 2 grams of 
potassium iodide added, and the covered solu- 
tion allowed to stand for 16 to 20 minutes. It 
is then diluted to 400-500 c.c. and the liberated 
iodine titrated with iV/ 10 -thiosulphate. 3l2=2Cr. 
A known dichromato solution can in this way be 
used to standardise sodium thiosulphate (J. pr. 
Chem. 1 868, 103, 302 ; Ziitsch. anorg. Chem. 
1899, 19, 427 ; 1906, 49, 277 ; Zeitsch. angew. 
Chem. 1900, 1147). 

(b) By reduction (i.) with ferrous ammonium 
sulphate, of which a slight oxch'ss is added to 
the chromate solution containing sulphuric or 
hydroohlonc acid, the excess of ferrous sal^ being 
then titrated with A^/ 10-dichromate; (ii.) with 
titanous chloride (v. Preparation of standard 
solutions ; J. Soc. Chem. Ind. 1908, 27, 673) ; 
(iii.) with anscnious oxide (Amer. J. Sci. 1896, 
1, 36). 

Chromium in chrome steel. Three grams of 
alloy are dissolved in 35 c.c. of conoontratod 
hydrochloric acid, and the excess evaporated; 
150 c.c. of strong nitric acid are added, the 
boiling continued till no more brown fumes are 
evolved, when all chlorine has been expelled. 
The chromium 'Is then oxidised by adding 
10 grams of potassium chlorate, and the solution 
boiled down to 40 c.c. to decompose "excess of 
clUorato ; 100 c.c, of water are added, and one 
or two drops of hydrochloric acid, to dissolve 
separated manganese dioxide. The chromate 
solution is boiled to expel chlorine, cooled and 
titrated according to method (6) (i.) above. (For 
other methods, see J. Amer. Chem. Soc. 1906, 
27, 1560; 1908, 30, 1116; J. Soo. Chem. Ind. 
1907, 26, 1010; Chem. News, 1904, 90, 320; 
91, 3; also Manganese and Vanadium {v, 
infra).) 

Chromium in chromite. The valuation of 
this, the only important ore of chromium, is 
Usually effected by a volumetric method ; the 
finely powdered ore is fused with sodium per- 
oxide in a nickel oruoible,and the chromate in 
the aqueous extract estimated as described 
above, after boiling for ten minutes to decompose 
excess of peroxide [v. J. Soc. Chem. Ind. 1890, 
16, 166, 436; Chem. Zeit. 1897, 21, 3; BuU. 
Soo. Chim. 1909, 6, 1133; Chem. News, 1896, 
73, 1). 

Cklbalt. (o) lodimetricaUy. The solution is 
mixed with hydrogen peroxide, and then with 
sodium hydroxide, when the cobalt is preci- 
pitated as sesquioxide CojOa, whilst nickel is 
aiinply precipitated as hydroxide. After 
boiling 10 ^ a minute, the black ppt^s dissolved in 
hj^rochloric acid and potassium iodide, and the 
iodine titrated with iv/lO-thiosulphato (Chem. 
News, 1900, 82, 66, 73 ; 1903, ^8, 184). 


(b'j By precipitation with ferrocywilde, as 
described under Nickel (6). 

Columblum. By reduction and subsequent 
oxidalion {v. Zeitsch. anoig. Chem. 1909, 62, 

opper. (a) lodimetricaUy. The soliftion of 
cupric salt preferably neutral or containing 
acetic acid, is diluted to 100 c.c., 6 OTams ol 
potassium iodide are added, and the liberated 
iodine titrated with AT/lO-thiosulphate, using 
starch paste as indicator. If more than 26 o.c. 
of thio.sulphate are required, 2-3 grams more 
potassium iodide should be added (Amer. J. Sci. 
1907, 24, 65; compare J. Amer. Chem. Soo. 
1902, 24, 1082; 1905, 27, 1224; see also 
Methods of separation). 

2CUSO4+4KI = 2K,S04-f Ij+Cujla. 

(h) By titration with potassium cyanide 
{SieAnhecld s process). The ammoniacal copper 
solution is titrated with potassium cyanide 
until colourless {v. Chem. News, 1897, 76, 189; 
Methods of separation ; and the article CoBPaE). 

(c) By precipitation as thiocyanate and esti- 
mation of the precipitate by potassium iodate 
in hydrochloric acid solution (v. Thiocyanates \ 
and J. Amer. Chem. Soc. 1908, 30, 760). 

{d) By oxidation. The oxalate is precipi- 
tated in a nitric acid solution by adding excess 
of ammonium oxalate, washed and titrated 
with JV/J0-permangji.naio (Amer. J. Sci. 1909, 27, 
448). 

(«) By reduction to cuprous salt. To the 
sulphuric or hydrochloric acid solution, 10-20 c.c. 
of 10 p.o. potassium thiocyanate and a little 
ferrous salt are added, when a deep red coloura- 
tion is produced, since ferrous salts in acid 
solution are partly oxidised by cupric salts. 
The cold solution is .. titrated with titanous 
chloride until the red colouration is destroyed 
(Chem. Soc. Trans. 1906, 89, 1491). Or a slight 
excess of titanous chloride may be added, and 
titrated back with standard ferric alum. 

Fluorine. Acidimeirically. The fluoride is 
mixed with ten times its weight of finely 
powdered and ignited quartz, and decomposed 
by warming vith concentrated sulphurio acid ; 
the silicon fluoride evolved passes through a 
dry U-tubo filled with glass beads and immersed 
in cold water, in order to remove sulphurio acid, 
and is then absorbed in 60 p.c. aloonolio potas- 
sium chloride, which precipitates silicic acid 
and potassium silicofluoriclo, leaving hydro- 
chloric acid in the solution ; — 

3SiF4-f 2 H 2 O « 2H2SiF,-f SiOj 
HgSiFe-f 2Ka « K2«iFe+2Ha 
The hydrochloric acid is titrated with JV/6- 
sodium hydroxide, using laomoid as indicator. 
2HC1 = 3 F 2 . (For "full experimental details, 
which are absolutely essential in order to obtain 
accurate results, consult Chem, News, 1879, 39, 
179 ; Amer. J. Sci. 1906, 22, 329; or Low’s 
Technical Methods of Ore Analysis.) 

Gold. lodimetricaUy. The auric solution is 
treated with potassium iodide in more than 
sufficient quantity to dissolve the aurous iodide 
first precipitated, and the iodine liberated |s 
estimated with standard thiosulphate (Anm* 
J. Sci. 1899, 8, 261 ; compare Zeitsch. anorg. 
Chem. 1899, 19, 63). 

Halogens. This term is restricted in this 
connection to chlorine, bromine, and iodiol^ 
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fluorine toing treated eeparateiy, einoe ite 



analytical reactions are quite different. 

Estimation o» halogens. Iodine, is esti- 
mated by solution in potassium iodide and titra- 
tion with i\r/l 0-thiosulphate, using starch paste 
as indicator (w. Preparation of aland, ard soluhonay 
Bromine and Chlonne arc absorbed in potassium 
iodide solution, sotting iree an equivalent 
q^uantity of iodine, which is titrated with iV/10- 
thiosulphate. 

A large number of substances, e.g. jieroxides, 
chlorates, chromates, &<c., may bo readily deter- 
mined indirectly by distillation with concen- 
trated hydrochloric acid, available^ oxygen 
of the compound setting free its equivalent of 
chlorine, which is absorbed in potassium iodide. 





Fig, 14. 


and the liberated iodine titrated with iV/lO-thio- 
Bulphate. It is very desirable to exclude air 
in the process of distillation, since it liberates 
iodine from the hydrogen iodide set free in the 
receiver, by the hydrogen chloride distilling 
0V€t during the experiment. The apparatus 
devised by Bunsen, the originator of this 
ulalytical method, is shown in ISig. 13, b. The 


small flask (50 o.o.' and the delivery tnbe are 
ground at their junction to fit, and the joint 
made with caoutchouc tubinj^; a ground-glass 
joint is better, a spring holding the two parts 
tightly together. The mixture is rapidly boiled, 
the chlorine passing into potassium iodide con- 
tained in the retort, the size of |vhioh must be 
suitably chosen to prevent overflowing. A 
different receiving vessel is shown in Fig. 13, a. 
It is very convenient to perform such dis- 
tillations in a current of carbon dioxide or 
other inert gas, and various designs of apparatus 
for such a purpose are given in Amor. J. Sci. 
1898, 6, 1()8; Chem. News,* 1899, 79, 85; 
Chem. Soc. Trans. 1892, 61, 87 ; Zeitsoh. angew. 
Chem. 1890, 477. 

The apparatus shown in Fig. 14 (Analyst, 
1908, 33, 117) admits of the gradual introduction 
of a liquid reagent during distillation in carbon 
dioxide, steam, or any other gas or va^ur. 
Contamination of the reagents with cork or 
indiarubber derived from stoppers, &o., is avoided 
by fitting the condenser and the dropping 
funnel to the distilling flask by ground-glass 
joints. 

Estimation of .halogens in halidh salts. 
By precipitation, (i.) Mohr's method. The neu- 
tral solution i.s titrated with iV/lO-silver nitrate 
in the prcsoncTo of a few drops of potassium 
clirornato as iiidioator {v. Preparation of standard 
solutions. It is advisable to perform a blank 
experiment under identical conditions, to allow 
for the silver nitrate necessary to bring 
out the reddish colouration, (ii.) Yolhard'a 
method. I'lie nitric acid solution of the halide 
is precipitated by adding a slight excess of N/10- 
silver nitrate, the excess being then titrated with 
N/lO-amrnonium thiocyanate. Silver chloride 
must be filtered oil before tlM) latter titration is 
performed, since it reacts with the thiocyanate 
(J. Araer. Chem. Soo. 1907, 29, 269 ; compare 
Zeitsch. -anorg. Chem. 1909, 63, 330) ; but 
silver bromide and iodide do not interfere. It 
is advisable to titrate iodide in a stoppered 
bottle with vigorous shaking when adding both 
the silvor solution and the thiocyanate, to 
minimise error due to occlusion. It is more 
accurate to weigh out a very slight excess of 
pure silver, dissolve it in nitric acid (carefully 
expelling nitrous acid, which interferes with 
the indicator), and add to the halide solution 
than to measure out A/lO-silver nitrate. After 
vigorous shaking, the excess of silver is then 
titrated with a dilute thiocyanate solution 
(1 c.c. = 1 milligram Ag). 

Iodides, l^imetrically. (i.) A slight excess 
of potassium iodato is added, and the solution 
acidified with rlduto sulphurio acid. The 
liberated iodine is extracted with chloroform, 
carbon disulphide or toluene, and titrated with 
N/lO-thiosulphato. A weaker acid than sul- 
phuric acid may be employed, e.g. aoetio or 
tartaric acid. Five-sixths of the iodine found 
was originally present as iodide (Chem. Zeit. 1904, 
28, 1191 ; Amer. J. Sci. 1897, 3, 293 ; J. pharm. 
Chim. 1902, 16, 207 ; J. Amer. Chem. Soo. 
1903, 25, 1138). This method is available in 
the presence of bromide* and chloride, if aoetio 
acid be emple>ycd. (ii.) 'J'he solutioi^ contain- 
ing the iodide, 2 grams of pure^tassium arsenate, 
and 10 c.c. of concentrated sulphurio acid, is 
boiled down frqm a volume of 100 c.c. to 
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35"40 C.C., when all the iodine is expelled. The 
arsenious salt in solution is then titrated with 
N/lO-iodine (Amer. J. Sci. 1890, 39, 188). As 
■=*1,. In the presence of chloride the results 
are a little low ; bromide causes them to be 
slightly high, (iii.) (v. Chem. Soc. Trans. 1885, 
47, 471.) 

Estihationb of halogens in oxyhalogen 
OOMPOUNDfl. (a) By reduction to a halide salt 
and determination of the latter. lodates are 
reduced by adding sulphurous acid to the 
Bulphurio* acid solution of the iodate till the 
separated iodine cs redissolved ; an excess of 
^/lO-silver nitrate is added to precipitate the 
iodide, the mixture boiled with excess of 
nitric acid, and finally the excess of silvei 
titrated with JV/lO-thiocyanate. Bromalts and 
chlorates are reduced by adding an excess of 
iron filings to the sulphuric acid soluiion ; after 
an hour, excess of iv/lO-silver nitrate is added, 
the mixture boiled with nitric acid to oxidise the 
ferrous salt, and the excess of silver titrated 
(Amer. Chem. J. 1904, 32, 242). 

(6) By reduction to a Wide salt and estima- 
tion of the reducing agent used up in the process. 
With chlorates and hromates, the sulphuric acid 
solution is boiled for ten minutes with excess of 
standard ferrous sulphate in an atmosphere of 
carbon dioxide, the solution cooled, manganese 
sulphate added and the unchanged ferrous salt 
titrated with N /lO-KHnO^. CFe = CIOs or 
(Zeitsch. anorg. Chem. 1904, 38, 110). Bromates 
may also be reduced with arsonious oxide {Amer. 
J. Soi. 1902, 14, 286). Chlorates arc reduced by 
adding an excess of A^/lO-titanous sulphate, and 
after three minutes, titrating back with ferric 
alum (J. Soc. Chem. Ind. 1908, 27, 434). 

(c) lodi metrically. Chlorates, (i.) By dis- 
tillation with concentrated hydi’ochlorio acid. 
ClOgrtsss 31, {BunsaCs method ; v. Estimation 
of halogens ; Chem. Soc. Trans. 1892, 61, 87). 
(ii.) By reduction with concentrated hydro- 
chloric acid and potassium bromide (Chem. Zeit. 
1901, 26, 727), or with potassium iodide and 
dilute sulphuric acid in presence of vanadyl 
sulphate (Zeitsch, anal.' Chem. 1907, 46, 621). 
(For other methods, see Amer. J. Sci. 1891, 42, 
220 ; J. Amer, Chem. Soc. 1903, 26, 766 ; 
Zeitsch. anal. Chem. 1907, 46, 308.) 

Hypochlorites. A slightexcess of A^/lO-sodium 
arsenito is added and the excess titrated with 
jV/10*iodine, or the hypochlorite is directly ti- 
trated with the arsenite till a drop of the solution 
ceases to colour starch-potassium iodide paper 
blue. Ab ■“ CIO [Penoi's method ; compare 
Qiem. Zeit. 1904, 28, 69). 

Perchlorates. The concentrated solution is 
boiled with ajarge excess of titanous sulphate, 
the excess oxidised with permanganate, and the 
chloride produced is titrated as usual (Zeitsch. 
anoi^. Chem. 1909, 62, 108 ; Chem. Zeit. 1909, 
83. 769V 

' Bromates. The substance is digested at 100* 
wltii potassium iodide and concentrated hydro- 
ohlorio acid in a stoppered bottle, and the 
liberated iodine titrated with thiosulphate. 
BrOj M 3I| (compare ZejJ;sch. anorg. Chem. 1899, 
19, 427). ^ 

lodates. These are simply added to a slight 
excess p! potassium iodide solution, acidified 
with sulphuric or hydrochloric acid, and the 
liberated iodine titrated. 10, *4 31,. 


Estimations xnyolyiko Mixthbxs ow the 
F oBEGomo Halide Salts., 

Chloride^ Hypochlorite and Chlorate. The 
solution is titrated with N/10- sodium arsenite 
by Penot’s method for the hypochlorite ; the 
chlorate is then estimated in the solution, aftei 
acidifying with sulphuric acid, by reduction with 
standard ferrous sulphate, and the total chlorine 
then titrated by Volhard’s method (Compt. rend. 
1896, 122, 449; cf. J. Amor. Chem. Soc. 1909, 
31, 625, 1273). 

Chloride, Chlorate and Perchlorate. Chloride 
is titrated in one portion of the solution by 
Volhard’s method, and in another portion after 
reducing the chlorate with ferrous sulphate. 
For perchlorate the dry substance, mixed with 
five times its weight of pure quartz sand and 
covered with a layer of the same 2 cm. deep, 
is fused in a platinum crucible for half an hour, 
cooled, extracted with water, and the total 
chloride estimated (Compt. rend. 1896, 122, 
462). 

Chloride and Iodide. The total halogen is 
titrated by a suitable method in one portion of 
solution, and the chlorine in another portion 
after removing iodine by one of the following 
methods (Amer. J. Sci. 1890, 39, 293). (i.) Tc 
the neutral solution (400 c.c.) is added 10 c.c. 
sulphunq acid (l:l)t 2 grams ferric sulphate, 
and 3 c.c. nitric acid, and the whole boiled till 
all iodine is expelled ; 1 c.c. nitric acid is again 
added, and the solution again boded, (ii.) The 
ferric sulphate and nitric acid of method (i.) are 
replaced by 2 grams of pure sodium nitrite (or, 
failing this, by passing into the solution the 
vapours generated from the slightly impure 
nitrite and dilute sulphuric acid). 

Bromide and Iodide {v. supra, Iodides). 

Bromide and Chloride. The solution is acidi- 
fied so as to contain 26 c.c. of concentrated nitric 
acid in a total volume of 100 c.c., heated to 
boiling and boiled for one minute, the source 
of heat removed and air sucked through the 
solution until it is perfectly colourless (and for 
one minute longer). The bromine is then com- 
pletely expelled ; the residual chloride is titrated 
by Volhard’s method. The total halogens are 
titrated in another portion of solution (J. Soc. 
Chem. Ind. 1909, 28, 606). 

(For a very accurate but more elaborate 
method, v. J. Amor. Chem. Soc. 1907, 29, 276 ; 
also Zeitsch, anorg. Chem. 1896, 10, 387 ; Zeitsch. 
anal. Chem. 1900, 39, 81.) 

Chloride, Bromide, and Iodide, {a) The iodide 
is decomposed with potassium iodate and acetic 
acid, the iodide extracted with chloroform and 
titrated. The bromida is destroyed by boiling 
with 6JV-nitric acid, any iodate remaining is 
decomposed with a slight excess of potassium 
iodide, which excess is readily decomposed bv 
boiling with nitric acid, and the residual chloride 
titrated. The total halogens are titrated in 
another portion of solution (J. Amer. Chem. 
Soc. 1903, 26, 1138). 

(6) The iodide is destroyed by boiling with 
ferric sulphate and sulphuric acid, and ^ 
amount of ferric salt reduced is determined with 
N/lO-diohromate. The total halogens are deter- 
mined by Volhard’s method, and, in another 
portion of solution, the iodide is removed by 
adding hydrogen peroxide and acetic acid and 
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diBtiUing in steam, the bromine separated aa 
described under Bromide and Chloride and the 
residual chloride titrated (J. Soo. CUem. Ind. 
1909, 28, 606). 

Iron. Fbreous salts. By oxidaiion. (a) 
The cold solution is strongly acidified with dilute 
sulphuric acid and titrated with i\^/10-perman‘ 
ganate. This simple and accurate method 
requires modification when hydrochloric acid is 
present, since it reacts with permanganate. 
This side-reaction can be practically prevented 
by adding a moderate quantity of manganese 
sulphate to the solution and titrating very 
slowly. A solution is prepared as follows : 
67 grams of crystalline manganese sulphate are 
dissolved in water, 138 o.c. of phosphoric acid 
(sp.er. 1*7), and 130 c.o. concentrated sulphuric 
acid (sp.gr. 1*82) are added, and the mixture 
diluted to 1 litre. Of this solution, 25 o.c. are 
added to the ferrous solution to be titrated. 
The phosphoric acid keeps the ferric solution 
colourless, and thus facilitates the observation 
of the end-point (Zeitsch. anal. Chem. 1863, 1, 
329; Chem. Zcit. 1889, 13, 323; Amer. Chem. 
J. 1905, 34, 109; Analyst, 1908, 33, 43, and 
1909, 34, 306). 

(6) The acid solution is oxidised by N/IO- 
dichromato as described under Preparation of 
standard solutions. 

Febrio salts, (a) By reduction to ferrous 
salt and titration with permanganate or di- 
chromate. Reduction may be enectod in any 
of the following ways: (i.) The sulphuric acid 
solution is heated to boiling anci hydrogen 
sulphide passed through it until the solution 
is completely colourless ; the excess of hydrogen 
sulphide is expelled from the boiling solution 
by a current of carbon dioxide, (ii.) The nearly 
neutral solution is boiled with sulphurous 
acid or ammonium sulphite, excess being re- 
moved bj continued boiling, preferably in a 
current of carbon dioxide, (iii.) Eight or ten 
grams of granulated zinc are added to the 
warm sulphuric acid solution, and the action 
allowed to continue until a drop of the solution 
no longer gives a colouration with potassium 
thiocyanate. The solution is cooled, filtered 
through glass wool, and titrated. The use of 
the zme-copper couple is preferable (Analyst, 
1901, 26, 226 ; compare Chem. News, 1908, 97, 
60). Reduction may be rapidly effected by 
pouring the liquid through a long column of 
zinc (The Jones’ Reductor (Fig, 16) ; Chem. 
News, 1889, 60, 93 ; Blair’s Chemical Analysis of 
Iron, 6th 94). (iv.) The hydrochloric acid 
solution is heated nearly to boiling, and stannous 
chloride (26 p.c. solution) added drop by drop 
until the solution is dblourless; 10 c.c. of 
saturated mercuric chloride are added to destrov 
excess of stannous chloride, the solution diluted, 
manganese sulphate added {v. supra), ada the 
ferrous salt titrated with N/ 10- permanganate 
[best alter the addition of about 5 c.c. of water- 
glass solution of sp.gr. 1*17] (Analyst, 1909, 34, 
306). (v.) Reduction by 'palladium-hydrogen in 
boiling acid solution ; this introduces no foreign 
substance into the solution (Zeitsch. angew. 
Chem. 1W2, 16, 398, 424; Analyst, 1904, 29, 
346). (vi.) Reduction with tiianous sulphate 
(Amer. J. Sri. 1908, 26, 343). 

(6) By direct titration with a reducing ageni. 
(i.) Titanous chloride.* The sulphuric or hydro- 


chloric acid solution of the ferric salt is titrated 
as described under Preparation of standard 
solutions, (ii.) Stannous chloride. The nearly 
boiling hydrochloric solution is titrated as de- 



Fig. 15. 


scribed under Preparation of btandard solutions, 
using either the mercuric ohloride indicator 
(Amer. Chem. J. 1893, 16, 360) or titrating back 
with iodine. 

Ferrous iron in minerJ^ s and rooks. The 
only satisfactory method consists in decom- 
posing the coarsely powdered substance with 
sulphuric and hydrofluoric acids m an atmo- 
sphere of carbon dioxide, and titrating the 
ferrous salt produced {Cooke's Method •, Amer. 
J. Sci, 1867, 44, 347 ; see also Amer. J. Soi. 
1894, 48, 149). The old method of heating with 
dilute sulphuric acid in^a sealed tube (Mitocher- 
lich) is worthless in the presence of sulphur or 
sulphides (J. Amer. Chem. Soc. 1900, 22, 626). 
(For an exhaustive discussion oi this problem, 
V. Hdlebrand’s Analysis of Silicate and Carbonate 
Rocks.) 

Iron and Aluminium. After weighing the 
ignited sesquioxides, they are brought into solu- 
tion by fusion with potassium hydrogen sulphate 
or acid potassium fluoride (followed hy evapora- 
tion with sulphuric acid), and the iron recmced 
and titrated (Zeitsch. angew. Chem. 1W6, 18. 
816). 

Iron and Titanium. Ferric salts can be 
reduced with sulphurous acid or hydrogen 
sulphide without reducing titanic salts; or 
reduction of both may be effected with zinc and 
sulphuric acid, the tiiarwus salt oxidised with 
a slight excess of bismuth oxide, and the ferrous 
salt titrated in the filtered solution. To estimate 
both elements present, one of the preceding 
methods m^ be coml?inod with the reduction 
process for*^ titanium, described liter, which 
would give the total iron and titanium {v, also 
J. Soc. Chem. Ind. 1909, 28, 189 ; Analyst, 
1910, 36, 198).\ 
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Iftm and Vanadium. Reduction with sul- 
phttr dioxide proceeds with the vanadium as 
MI as to the oxide Vj, 04 ; reduction with zinc 
carries it as far as V ,02 hence two such 
reductions and titrations with permanganate 
furnish data for calculating both iron and 
vanadium (Ambr. J. Sci. 1908, 26, 79). 

Lead. By j)recipitation (i.) As molybdate. 
The boiling acetic acid solution is titrated with 
standard ammonium molybdate (4*75 grams per 
litre, titrated against ])uro lead) until a drop 
of solution gives a brown or yellow colour with 
a drop of dilul/) tannic acid solution. The 
indicator not being very sensitive, a ‘ blank ’ 
experiment should be made and the necessary 
correction allowed for both in an assay and in 
standardising the solution, (li.) ferrocyanide. 
The cold acetic acid solution is titrated with 
potassium ferrocyanide (10 grams per litre 
titrated against pure lead) until a drop of the 
solution produces a brown colouration with a 
drop of saturated uranium acetate solution ; 
a * blank * experiment should also bo made 
(J. Amer. Chem. Soc. 16, 550 ; Chem. News, 
1896, 73, 18). In determining lead m ores, &c., 
it is usually separated as sulphate and dissolved 
in ammonium acetate previous to titration. 
(For a comprehensive review of methods for lead, 
t;. Chem. News, 1903, 87, 40 ; Caz. chim. ital. 
1896, 26, i. 327 ; see also Methods of separation; 
and J. Amer. Chem. Soc. 1903, 26, 632 ; 1901, 
26, 1136.) 

Mftgneslum. (a) AddimvU ically. The mag- 
nesium is precipitated as tlie double ammonium 
phosphate, the precipitate washed with dilute 
ammonia, and then with aqueous alcohol till free 
from extraneous ammonia, dissolved in a 
measured excess of JV/lO-hydrochloric acid, and 
the excess titrated with A^/i 0-sodium hydroxide, 
using methyl orange for indicator : 

Mg(NH 4 )P 04 + 2 HCl = MgCl,4-H2(NH4)P04 

(Chem. Zentr. 1876, 727 ; for a method which 
obviates the use of alcohol, v. J. Amer. Chem. 
Soo. 1900, 22, 31 ; set also Phosphorus). 

(6) lodimetr ically. The magnesium is pre- 
cipitated as double ammonium arsenate, dis- 
solved in hydrochloric acid and potassium iodide, 
and the iodine titrated (J. Amer. Chem. Soc. 
1899, 21, 746; Zeitseh. anal. Chem. 1907, 46, 
714). 

Manganese, (a) By oxidation with perman- 
yarnte. {Volhard’e method, modified.) The neutral 
chloride or sulphate solution containing 10 grams 
of zinc sulphate is heated to boiling, 1 gram of 
freshly ignited zinc oxide added, and the liquid 
titrated with A^/ 10-permanganate, boiling and 
Shaking freqqontly until the supernatant liquid 
is red ; 1 o.c. pure glacial acetic acid is added, 
and the titration slowly finished with perman- 
ganate in the hot but not boiling liquid. The 
manganese can be accurately osculated from 
tike equation : 

SMnO+Mn^O, « 6MnO, 

(Zeitseh. anal. Chem. 1909, 48, 761 ; Little and 
Cahen, Analyst, 1911, 36, 62). 

(6) By precipitation (^s dioxide and estimation 
of the evc^able oxygen. PrecipiUtion may be 
effected in one of the following ways : (i.) By 
adding yhleaohing-powder solution and calcium 
oailKmte to a hot neutral solution of the 
manganese salt containing f^io and zino 


i chlorides (Chem. Soo. Trans. 1879, 36, 366 ; ' 
J, Soc. Chem. Ind. 1891, 10, 333). (U.) By 
boiling the solution in concentrated nitric acid 
(quite free from any hydrochloric acid) with 
potassium (or preferaWy sodium) chlorate, 
(iii.) By boiling the dilute sulphuric acid solu- 
tion with ammonium persulphate (Zeitseh. 
angew. Chem. 1901, 14, 1149; 1903, 16, 906; 
Compt. rend. 1902, 135, 966 ; 1903, 136, 449). 
JTho washed precipitate in either case is dis- 
solved in a sulphuric acid solution of standard 
ferrous sulphate or oxalic acid, and the excess 
of reagent titrated. 'J’he precipitate obtained 
by method (ii.) is deficient in available oxygen 
(Amer. J. Sci. 1898, 5, 260), and the standard 
solution employed in the final titration must 
therefore be standardised on a known amount 
of manganese treated in a similar fashion. 

(c) By conversion into permanganic acid. 
(i.) The cold solution free from bydroohlorio 
acid, and containing one quarter its volume of 
nitric acid (specific gravity 1-42), is oxidised by 
shaking with 2-4 grams of sodium bismuthate 
for three minutes, diluted \\ith half its volume 
of 3 p.c. nitric acid, the solid residue allowed 
to settle, and the permanganic acid solution 
filtered into a slight excess of ferrous sulphate ; 
excess of the latter is then titrated with N/IO- 
permangauate (Dingl. poly. J. 269, 224; Chem. 
hoc. Traiia. 1806, 67*, 268; Chem. News, 1901, 
84, 209, 247 ; J. Amer. Chem. Soc. 1904, 26, 
793). (ii.) The oxidation of small quantities of 
manganese may be effected by boding the nitric 
acid solution with lead peroxide, or by heating 
with ammonium persulphate in the presence of 
a little sdver nitrate (Chem. News, 1901, 84, 
239). 

Manganese in Ferromanganese and Steels. The 
foregoing methods o, b, and c (i.) have all been 
employed for this purpose; method c (i.) is the 
simplest and probably the most accurate. In 
method a it is necessary to remove iron from 
the solution ; this is conveniently jiorformed by 
adding a slight excess of zinc oxide to the 
solution {v. references given above ; also J. Amer. 
Chem. Soc. 1902, 24, 243 ; Ann. Chim. anal. 1906, 
11, 124). 

Manganese and Chromium occurring together 
in steels may be estimated by oxidising with 
ammonium persulphate in sulphuric acid solu- 
tion in the presence of sdver nitrate ; one 
portion of solution is titrated for total perman- 
' ganate and chromate with ferrous sulphate, and 
another for permanganate alone by means of 
arsenious oxide (J. Amer. Chem. Soc. 1906, 27, 
1660; V. also Chem. News, 1901,83,26; 1906, 
91, 3 ; Chem. Zeit. 1906, 29, 987 ; Chem. Zeit. 
Rep. 1905, 29, 380). • 

The foregoing bismuthate method c (i.) may 
be applied in the presence of molybdenum, tuna- 
sten,iiianium, and vanadium ; also, with certaia 
precautions, in the presence of chromium {Chom. 
News, 1901, 84, 247). (For estimating ma7iganes§ 
In tungsten steels, v, also J. Soc. Chem. Ind. 1907| 
26, 345.) 

Mercury, (o) By precipitation. Mercuric ni- 
trate is readdy titrated with N/lO-thiocyanate, 
using ferric nitrate as indicator, provided that 
nitric acid is present in fairly high' concen- 
tration (Ber. 1901, 34, 3602 ; 1902, 35, 2015). 
Chloride must be absent; if necessary, the 
mercury is precipitated as oxide with sodium 
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lijdioxide, and the washed precipitate dissolved 
in nitric acid. 

( 6 ) lodimdrically. The mercuric solution 
(25-^ 0 . 0 .) containing 1 gram of potassium 
iodide is made alkaline sodium hydroxide, 
2-5 0.0. of 40 p.c. formaldehyde added, and the 
whole shaken vigorously for two minutes. The 
solution is acidified with acetic acid, and the 
reduced mercury is dissolved by adding an 
excess of A7^/10-iodine. After shaking, the excess 
of iodine above that required to form mercuric 
iodide is titrated with A^/lO-thiosulphate (Ber. 
1906, 39, 3702; 1907, 40, 3276; Bull. Soo. 
ohim. 1907, [iv.] 1 , 1169). Mercurous salts 
require a preliminary oxidation. 

(For other methods, v. Corapt. rend. 1863, 
66 , 63; Chem. Soc. Trans. 1892, 61, 364; 
Arch. Pharm. 241, 444.) 

Molybdenum, (a) By reducUon and siibse- 
oxidation. The sulphuric acid solution 
IB reduced by passing it through a long column 
of amalgamated zinc to a condition represented 
by the formula M 02 O 3 ; the liquid is caught 
directly in ferric sulphate solution, which re- 
oxidises the molybdonum salt, and the ferrous 
sulphate produced is titrated ith ^/ 10 -perman- 
ganate (Amer. J, Sci. 1907, 21 , 313; compare 
^T. 1906, 38, 604 ; Analyst, 1907, 32, 260). 

( 6 ) Icdinittrically. The solution in concen- 
trated hydrochloric acid is foiled wfth%, slight 
excess of potassium iodide till the volume is 
reduced to 25 c.c., when complete reduction to 
the condition MogOs efiectod. The solution 
is cooled, diluted to 126 c.c., 0-5 gram of man- 
ganese sulphate added, and then a slight excess 
of iV/lO-pcrmanganate ; A^/lO-arsenious acid 
is next added, and after the addition of tartaric 
acid and sodium bicarbonate, the excess is 
titrated with A^/lO-iodiiie. The permanganate 
plus iodine and rnmns the arsenious acid measure 
the MojOj present (Amer. J. Sci. 1901, 12, 449 ; 
compare ibid. 1896, 2, 166 ; 1898, 6 , 168). 

Molybdenum in Steels and Alloys {v. J. Amer. 
Chem. Soc. 1904, 26, 675). 

Nickel, (a) By double cyanide formation. A 
few drops of 10 p.c. potassium iodide are added 
to the cold, slightly ammoniaoal nickel solution, 
and then a small measured volume of silver 
nitrate (3 grams of silver per litre). Standard 
potassium cyanide (25 grams per litre) is then 
run in with stirring till the precipitate of silver 
iodide just disappears ; more silver nitrate is 
added till a very faint turbidity is produced, 
which is then dissolved by the least possible 
excess of cyanide. The relative values of the 
silver nitrate and cyanide solutions are deter- 
mined by a preliminary experiment, and the 
cyanide standardised agaiitst a known amount 
of pure nickel (or pure silver, and calculated to 
nieW). The method is rapid and acoiuate 
(Chem. Newi, 1895, 72, 92). 

(h) By precipitaiion. The hot nickel solu- 
tion containing ferric chloride and citrio acid 
is made feebly ammoniacal and titrated slowly, 
stirring constantly, with standard potassium 
ferrocyanide (20 grams per litre, titrated against 
pure nickel), unth a drop of the solution when 
a>eidified with jjilute acetic acid develops a green 
colour in five minutes (J. Amer. Chem. Soo. 1910, 
52, 767 ; Bull. Soo. chim. 1907, 4, 1163). 

HkkA in Steel. Mq^hod ( 6 ) can be direotly 
applied ; method (a) can also be employed with- 


out removing iron, niolyldennm, or chromium, 
if a suflScient excess of ammonium citrate or 
sodium pyrophosphate is added to the solution ; 
or a moderate amount (2-3 grams) of each 
of these reagents may be added (J. Amer. 
Chem. Soo. 1907,29, 1201 ; 1908,^, 1116: 1899, 
21, 854 ; Chem. Zeit. 1908, 32, 1223). (For 
modifications in presence of other metals, 

V. Chem. News, 1898, 78, 177, 190.) 

Nitrogen. Ammonia {v. Acidimetry and 
Alkalimetry). 

Hydrazine. lodimetrically. A moderate 
excess of sodium bicarbonate or Sodium acetate is 
added to the solution of a hydrazine salt, which 
IS then titrated with N/lO-iodiue. N^Hj— 21 
(J. pr. Chem. 1902, 66 , 332; 1903, 67, 140; 

V. also Gazz. chim. ital. 1899, 29, 265). 

Hydroxylamine. (07 By oxidation. The 
solution of a hydroxylamine salt is slowly added 
(o excess of boiling and wcU-stirred Barreswil’s 
(Fehling’s) solution, the precipitated cuprous 
oxicb‘ washed, dissolved in acid ferric alum, 
and (ho ferrous salt titrated with pe rmanganate. ' 
NH.>OH = (hi 2 (Chem. Soc. Trans. 1903, 83, 
1394; compare Ber. 1877, 10, 1940). 

( 6 ) By reduction. An excess of titanium 
sesquisulphate is added to the acid solution, 
and the ammonium salt produced is estimated 
by distillation with sodium hydroxide (Ber. 
1909, 42, 2695). 

Nitrates, (a) By reduction. The solution 
is made strongly alkaline with sodium hydroxide, 

5 c.c. of alcohol and 2 ’5-3 grams of powdered 
Devarda’s alloy added, and the flask connected 
with a distilling apparatus, the receiver of which 
contains excess of N /2-hydrochlorio acid. After 
standing for half an hour, the liquid is steam- 
distilled for an equal length ^of time, when all 
the nitrate has boon convertod into ammonia 
and driven over into the acid ; the excess of,the 
latter is then titrated (Zeitsoh. anal. Chem. 
1894, 33, 113; Analyst, 1910, 35, 307; v. also 
the Qravimetric section). 

( 6 ) lodimetrically {v. Zeitsoh. angew. Chem. 
1890, 3, 477 ; Chom. Soc. Trans. 1891, 69, 
530 ; Amer. J. Sci. 1892, 44, 117). 

Nitrites, (a) Byoxi^itwn. Tho nitrite solu- 
tion is slowly added to a measured quantity of 
JV/lO-permanganate, which is acidified with sul- 
phuric acid, diluted to 400 c.c., and warmed to 
40°, until the colour is just discharged. 
2 HNO 3 = Oj. Otherwise, the cold dilute nitrite 
solution is slowly titrated with N/lO-permanga- 
nate to a red colouration ; a few drops of sul- 
phuric acid are then added, followed by an excess 
of permanganate. The liquid is then strongly 
aoidified with sulphuric acid, heated nearly to 
boiling, and the exxieas of permanganate titrated 
with N/lO-oxalio acid (Amer. Chem. J. 1883, 5,^ 
388). • 

( 6 ) lodimetrically. Several methods havr 
been based on the reaction. 

2HI+2HNOa - Ia+2NO-f 2H,0. 

It is necessary to perform the experiment in an 
atmosphere free from oxygen ; tne iodine may 
be determined by thiosulphate or arsenite. (For 
details, v. Pharm. J. 1^, 741 ; Chem. News, 
1904, 90, 114^ cf. Organic awa/y«w, ^Aromatic 
amines.) 

Colorimetrkally. Nitrous acid may be esti- 
mated by the formation of a yellow colour due 
to the produotiojl of paranitrosodimethylaniline, 
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by adding a solution of dimethylaniline hydro- 
chloride to an acidulated solution of the nitrous 
acid, and comparing the intensity of the colour 
produced with a standard solution of sodium 
nitrite with the same reagents. (For details, 
see Miller, Analyst, 1912, 37, 345.) 

Osmium.* lodimetrically (v. Chem. Zentr. 
1898, ii. 65). 

Oxygen. Peroxides, {a) lodimetrically. Such 
peroxides as those of manganese and lead 
may be estimated by distillation with concen- 
trated hydrochloric acid, and collecting the 
chlorine evolvqd in potassium iodide {Bunsen's 
meihod). Finely divided peroxides of manganese 
react quantitatively with cold dilute hydro- 
chloric acid and potassium iodide (Chem. Soo. 
Trans. 1880, 37, 128), a method of estimation 
that is available with the peroxides of the alkali 
aVxd alkali earth metals, which do not give 
satisfactory results by the distillation method 
(Arch. Pharm. 1902, 240, 437). Hydrogen per- 
oxide may be determined in this manner 
(Analyst, 1888, 13, 62). 

{h) By reduction. Hydrogen peroxide, or 
peroxiiles of the alkal and alkaline-earth metals, 
may be dissolved in cold dilute acid and titrated 
with iV/lO-permanganate, which loses as much 
oxygon as is lost by the peroxide {v. also Qaa- 
Vohmetric methods). 

(For critical reviews of methods, &c., v. 
Arch. Pharm. 228, 432 ; Amer. Chem. J. 1906, 
36, 117 ; Zeitsch. angew. Chem. 1901, 14, 828 ; 
1908, 21, 589; Chem. Zeit. 1906, 30, 1276; 
1907, 31, 1257 ; Zeitsch. anal. Chem. 1908, 47, 
466.) 

Phosphorus. Phosphoric acid (ortho- ). 
(o) (v. Aoidimetry and Alkalimetry), 

(6) Acidimetricalhjy mih previous precipUu' 
Hon. (i.) The , firccipitated magnesium am- 
monium phosphate {v. Oravimetne section) is 
washed and titrated as described under Mag- 
nesium (Zeitsch. anal. Chem. 1898, 37, 217; 
Zeitsch. angew, Chem, 1905, 18, 656; com- 
pare Zeitsch. anal, Chem. 34, 33). (ii.) The 

precipitate of ammonium phosphornolybdate (v. 
Gravimetric section) after washing i.s dissolved 
in a slight excess of standard potassium hy- 
droxide free from carbonate, and the excess 
titrated with standard nitric acid using phenol- 
phthalein as indicator. One molecular propor- 
tion of PjOg present as (NH4)3p04,12Mo03, 
requires 23 molecules of K2O in pure aqueous 
caustic potash. p205=23K20 (J. Amer. Chern, 
Soc. 1895, 17, 950 ; 1897, 19, 703 ; J. Soc. Chem. 
Ind. 1904, 23, 1186). 

(c) By precipitation. To the solution, feebly 
acid with acetic acid, 10 c.c. of 10 p.c. am- 
monium acqtate are added and standard uranium 
acetate solution (36 grams per litre) run in from 
a burette until a drop the solution gives a 
brown colouration with potassium ferrocyanide 
upon a white tile. The solution is healed to 
boiling, when the latter reaction will no longer 
take place, and more uranium acetate added 
until the brown colouration is obtained once 


more, e,g . ; 

KHtP0.+U02(C,H,Q,)2+NH,-C2H,0, 

^ KC,H,02+2HC2H30a,d-U0,NH4P0, 


In imalysing alkali phosphates, the uraniqm 
solution is standardised against pure potassium 
dihydrogen phosphate, while a solution of 


calcium phosphate in acetic acid, standardised 
gravimetrioally by the method of Woy (Chem, 
Zeit. 1897, 21, 442), must be used if the uranium 
acetate is to be used for estimating phosphates 
of the alkaline earths (J. See. Chem. Ind. 1892, 
11, 328). It is essential that titrations should 
be made under conditions closely approximating 
those which obtained when the uranium solution 
was standardised. 

Phosphorus in iron and steel. This is 
usually separated as ammonium phospho- 
molybdate ; it may then be titrated aocor^ng 
to h (ii.) above, or the precipitate is washed with 
dilute ammonium sulphate, dissolved in am- 
monia, the solution strongly acidified with 
suljihuric acid, reduced with zinc, and the 
MojOg solution collected directly in ferric alum, 
the ferrous salt being then titrated as described 
under Molybdenum (Amer. J. Sci. 1907, 24, 
313 ; compare Blair’s Analysis of Iron). 

Potassium. By oxidation. The acetic acid 
solution, free from ammonium salts, is evapo- 
rated on the water-bath till pasty with sodium 
cobaltinitrite solution in rather large excess, 
cooled and stirred with 60-100 c.c. of cold water. 
The dipotassium sodium cobaltinitrite is collected, 
on a8be.stor, washed with cold water, and then 
immersed in an excess of nearly boiling per- 
manganate solution. After 6 minutes the solu- 
tion ill acidified with sulphuric acid, excess of 
AyiO-oxalic acid added, and the clear solutior 
titrated with permanganate. The perman- 
ganate is best standardised against a pure 
potassium salt. The oxidation of 2 molecular 
porporlions of K2NaCo(NOg)g by permanganate 
requires 11 atomic proportions of oxvgen or 
4K = 22H (Amer. J. Sci, 1907, 24, 433 ; com- 
pare Chem. Soc. Trans. 1900, 77, 1076). (For 
another method, v. Chem. Zeit 1896, 19, 301.) 

Selenium. Selenious acid. By oxidation. 
To the cold solution containing 6 p.c. by volume 
of concentrated sulphuric acid is added an ex- 
cess of AT/lO-permanganate ; a moderate excess 
of jV/lO-oxalic acid is then added, and the 
titration finished at 60*-60® with permanganate. 
2SeO., = O2 (Amer. J. Sci. 1895, 60, 61). 

(For an entirely different method, v. Amer. 
Chem. J. 1896, 18, 703 ; Amer. J. Sci. 1899, 7, 
287.) 

Selenic acid, lodimetrically. (i.) The acid 
is boiled with hydrochloric acid (25 c.c. concen- 
trated acid in a total volume of 76 c.c.) for 
10 minutes in a Bunsen distilling apparatus or 
one of its various modifications, and the chlorine 
evolved is collected in potassium iodide {v. 
supray Volumetric estimation oj halogensy p. 209) 
SeOg =» Clg (Amer. J. Sci. 1895, 60, 400). 
(ii.) The solution (60 c.c.) containing 20 c.o. of 
sulphuric acid (1:1) and 1 gram of potassium 
bromide is distilled and the liberated bromine 
cofiocted in potassium iodide. SeO, =* Br, 
(Amer. J. Sci. 1895, 50, 402). 

Selenium in either state of oxidation. 
lodimetrically. This is effected by a Bunsen 
distillation, the solution (60 0.0.) containing 
6 c.c. of concentrated hydrochloric acid an3 
1-3 grams of potassium iodide. The selenium 
compound is reduced to the element itself, and 
an equivalent of iodine is distilled into pota^um 
iodide and titrated. SeO, 21, and SeOg»3I| 
(Amer. J. Soi. 1895, 50, 249 ; for a simpler method 
V. Amer. J. Sci. 1896, 1, 31). 
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SHvet. By precipitate, (i.) The nitirio acid 
Bolution is titwited with standard sodium chloride 
until no further precipitation is observed. (For 
details of this very exact method, v. the article 
on Assaying.) Ahumber of devices have been 
described for rapidly filtering a portion of the 
liquid in order to test it for further precipita- 
tion (Chem. Soc. Trans. 1908, 93, 1037 ; Gazz. 
ohim. ital. 1909, 39, ii. 240). A modified 
method consists in adding a slight deficit of 
sodium chloride, filtering and titrating the 
remaining silver with dilute ammonium thio- 
cyanate (J. Amer. CHiem. Soo. 1897, 19, 814; 
V. also Chem. Soc. Trans. 1900, 77, 232 ; Zeitsoh. 
angew. Chem. 1904, 17, 647). (ii.) Titration may 
be effected with iV/lO-thiocyanate as described 
under Preparation of standard solutions. 

Sodium (r. Chem. Soc. Trans. 1898, 73, 167). 

Sulphur, Acids ol. Hydrogen sulphide. 
lodimetrically. The gas or a measured volume of 
solution is absorbed m an excess of i\r/10-iodine, 
the excess being afterwards titrated with AT/IO- 
thiosulphate. SgS = Ig. Direct titration with 
iodine leads to low results (Zeitsch. anal. Chem. 
1906, 45, 541). 

Hydrosttlphurous acid. By oxidation. The 
sodium salt, used in indigo-dyeing, can be 
estimated by dissolving it in air-free water in 
an atmosphere of carbon dioxide, adding a 
drop of ferrous sulphate, and%unning in sJundard 
potassium femeyanide solution until a blue 
colour appears, air being rigidly excluded 
(Zeitsch. angew. Chem. 1905, 18, 168) ; 

NajSa04+2K3Fe(CN),=2S02-|-2K3NaFo(CN),. 

If necessary, a little acetic acid is added to 
ensure that the liquid shall be acid. 

Sulphurous acid. lodimetrically. An 
aqueous solution of sulphur dioxide is estimated 
by running it into an excess of standard iodine 
solution with constant stirring, and not vice 
versd, since that method causes a separation of 
sulphur due to the side-reaction : 

S03+4ni=S4-2H20-f2I, 

(Annalen, 1887, 242, 94). Sulphites may be accu- 
rately determined by adding the powdered salt 
to excess of N /lO-iodine, and after the decom- 
position is complete, titrating back with N/10~ 
thiosulphate (J. Soc. Chem. Ind. 1884, 3, 197 ; 
1886, 4. 303) 

SOa+Ia-f 2H3O = H3S0*+2HL 

Sulphuric acid, (a) lodimetrically. The 
feebly acid boiling dilute sulphate solution is 
precipitated with an excess of a solution of 
barium chromate m hydrochloric acid (3-4 ^ams 
BaCr04, 30 c.c. cone. HC^ diluted to 1 litre). 
Barium sulphate is thus precipitated, and an 
equivalent of chromic acid liberated. The 
boiling solution is neutralised with powdfred 
chalk to remove excQss of barium chromate, 
and the chromic acid in the cold filtrate titrated 
lodimetrically. Cr08=S03 (Amer. Chem. J. 1889, 
11, 667 ; Chem. Zeit. 1898, 22, 367). 

(6) By mecipitaiion. (i.) The boiling sul- 
phate solution, slightly acid with hydrochloric 
acid, is titrated with standard barium chloride 
until no more precipitate is produced. Bas=S04 
(^em. News, 1889, 69, 41). A device for 
readily observing the end-point is described in 
Chem. Soo. Trans. 1907, 91, 1370. (u.) Method 
(il may be modified by adding an excess of 


m 

barium chloride, tfnd determi^g the excess by 
adding sodium acetate, aoeHo acid, and am- 
monium diohromate, and titrating an aliquot 
part of the filtrate with iV'/20-ferrous sulphate 
(Chem. Soc. Trans. 1909, 95, 2198). (iii.? The 
sulphate is precipitated from dilute solution 
with excess of benzidine hydrochforide solution 
as benzidine sulphate, and the precipitate 
titrated with *i^/10-sodium hydroxide, using 
methyl orange as indicator (v. Zeitsoh. angew. 
Chem. 1907, 20, 9, for details, corrections, &0.). 

Thiosulpiiuric acid. lodimetrically. Thio- 
sulphates are titrated with iodine as in stan- 
dardising thiosulphate solution (r. supra, p. 206) ; 
sparingly soluble salts are suspended in water 
and titrated, shaking vigorously in a stoppered 
bottle all the time. 

Persulphurig acid, (fi) By oxidation. The 
solution is acidified with sulphuric acid, a odh- 
sidorable excess of standard ferrous sulphate is 
added, and then 100 0.0. of hot distilled water 
(70*-80®). Excess of ferrous salt is then quickly 
titrated with i\r/l O-permanganate. HjSaOga 
2FeO (Chem. Soo. Abst. 1900, ii. 45). 

(For other methods, v. Chem. Zentr. 1900, 
436 ; Amer. J. Sci. 1901, 12, 367 ; Gazz. ohim. 
ital. 1902, 32, ii. 383 ; Bull. Soc. ohim. 1908, 
30, 930.) 

Tellurium. Tellurous compounds, (o) By 
oxidation. The solution is rendered alkaline 
with sodium hydroxide, an excess of JV/lO-per- 
manganate is added, and the excess estimated 
by acidifying with sulphuric acid, adding N/10- 
oxalic acid in excess, and finishing the titration 
with permanganate. 2Te03=03 (Chem. Soc. 
Trans. 1891, 69, 238; Amer. J. Sci. 1899, 8, 
122 ). 

(6) By precipitation as tetraiodide in mo- 
derately concentrated sulphfirio acid solution 
(Amer. J. Sci. 1896,2, 271). 

(c) lodimetrically {v. Amer. Chem. J. 1898, 
20, 278); 

Telluric compounds. lodimetrically. The 
tellurato is distilled with concentrated hydro- 
chloric acid in Bunsen’s apparatus, the omorine 
absorbed in potassium iodide and the iodine set 
free is titrated with JV/lO-thiosulphate. Telluric 
anhydride must be previously dissolved in con- 
centrated potassium (not sodium) hydroxide, 
since it is scarcely attacked by hydrochloric 
acid. The reduction, which proceeds to tel- 
lurous acid, may be also effected by distillii^ 
with potassium bromide and dilute sulphuric 
acid (Zeitsch. anorg. Chem. 1894, 7, 132). 

Thallium. lodimetrically. The dilute solu- 
tion of thallio salt is mwed with excess of 
potassium iodide, and the iodine liberated is ti- 
trated with N /10-thioBulphate. T1 =** I3 (Compt. 
rend. 1902, 134, 666). 

Tin. Stannous asLTS. lodimetrically. The 
cold hydrochloric acid solution of the stannous 
salt is titrated with 2\^/10-iodine. 8n =» I* (J. 
Amer. Chem. Soc. 1897, 19, 809). ¥tee exposure 
of the solution to air must be avoided, sin<m 
stannous salts readily undergo oxidation ; it is 
preferable to work in an atmosphere of carbon 
dioxide. , , , , . / 

Stannic salts must be reduced before 
titration withlodine ; this may be aocftmplished 
by heating the hydrochloric acid solution with 
iron, or sheet nickel, or with finely powdered 
antimony (Chenf. News, 1901, 84, 167). 
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Titian* Bt/ reduction and subsequent 
ibseidaium. It is difficult to obtain accurate 
results with quantities of titanium . dioxide 
exceeding 0-16 gram. The warm, dilute sul- 
phuric acid solution of titanic salt is reduced to 
the torvalerjt condition by means of zinc, 
aluminium-magnesium alloy, or zinc -aluminium 
aUoy (Zn, 90 p.c. A1 10 p.o.,.ca8t in sticks), 
cooled and rapidly filtered into ferric sulphate 
solution ; the equivalent quantity of ferrous 
sulphate produced is titrated with jV/lO-perman- 
ganate. Ti = Fe (Chera. Zeit. 1907, 31, 399; 
Amer. J. Soi. 1008-, 26, 130 ; Analyst, 1910, 35, 
198 ; compare J. Amer. Chem. Soc. 1895, 17, 
878). 

Titanium and Iron {v. Iron). 

Tungsten. By reduction and subsequent 
o^dation. The solution is reduced by zinc and 
hydrochloric acid to a condition corresponding 
to the oxide WOg, filtered and titrated with a 
standard ferric solution. The ond-point is per- 
ceived by the disappearance of the intense blue 
colour of the intermediate compound correspond- 
ing to W2O5, the reaction 

Fe^Oa+WOj = WOa-f 2FeO 
being quantitative (Chem. Soc. Proc. 1909, 26, 
227). 

Uranium, (a) By reduction and subsequent 
oxidation. M'he solution, containing 20 c.c. of 
concentrated sulphuric acid in a volume of 
126 C.C., is poured upon 100 grams of pure 
zinc (in sticks 2 cm. long), heated nearly to 
boiling for 15 minutes, filtered into a large 
porcelain dish, and the zinc washed with cold 
^ute sulphuric acid (1:10 by volume) till the 
total volume of solution is 300 c.c. The solution 
of uranous sulphate, which should be sea-green in 
colour, is then tjilated with iV/lO-permanganate. 
The solution can also be reduced by jmssage 
thfough a long column of amalgamated zinc ; 
in either case the reduction proceeds a little 
too far, but oxidation to the uranous state is 
accomplished during the filtration and wa.shing. 
High results are obtained by carrying out the 
experiment in an atmosphere of carbon dioxide. 
6U(S04)a = 2KMnO, = lOFeSO,, or U = 2Fo 
(J. Amer. Chem. Soc., 1909, 31, 307; compare 
ibt'd. 1901, 23, 685 ; 1906, 28, 1641 ; Amer. J. 
Sci. 1903, 16, 229). 

ih) lodimetrically {v. Ber. 1904, 37, 189), 

Vraniumand Vanadium {v. J. Amer. Chem. 
Soc. 1906, 28, 1443). 

V&nadium. (a) By reduction and subsequent 
oxidation, (i.) The vanadic solution containing 
sulphuric acid is boiled with sulphur dioxide 
until the colour is a pure blue, and the excess 
of sulphur ^dioxide then expelled with carbon 
dioxide ; the solution, containing vanadium 
salt corresponding to the oxide VjO^, is then 
titrated hot with A^/lO-permanganate. (ii. ) The 
sulphurio acid solution is passed through a long 
column of amalgamated zinc, and the reduced 
solution collected and titrated as described 
under Mol^denum. In this case reduction 
rooeeds as far as the oxide VaO.. (Amer. J. 
ci, 1908, 26, 332 f compare ihtd. 1903, 
16, 389]^ (iii.) The solution <^is evaporated 
nearly to dryness three times with concentrated 
hydiobhlorio acid, when vanadyl chloride VOCl, 
is formed; hydroohlorio aoiq is removed by 
•vaporation with sulphuric acid, the solution 


diluted and titrated with N/lO-permanganate 
(Ber. 1903, 38, 3164). 

(6) By reduction. The vanadate solution, 
hot or cold, and contaiimig hydroohlorio or 
sulphuric acid, is titrated wth standard (2 p.c.) 
stannous chloride (titrated against iodine) until 
a drop of the solution gives a blue colouration 
with amnjonium molybdate. Reduction pro- 
ceeds as far as the tetroxide Va04 (Bull. Boo. 
chim. 1008, 3, 626). 

(c) lodimetrically. (i.) About 0‘3-0'6 gram 
of vanadate is chstillod with T5-2-0 grams of 
potassium bromide and 30 c.c. of concentrated 
liydrochloric acid, the liberated bromine ab- 
sorbed in potassium iodide, and the iodine 
titrated with iV/lO-thiosulphate ; VjOs =* Br^, 
the reduction proceeding to the tetroxide (Chem. 
Zentr. 1890, i. 977 ; for other iodimetrio methods, 
V. Amer. J. Sci. 1896, 2, 186, 356; 1902, 14, 
369). 

Vanadium and Chromium (v. Bull. Sob. ohim. 
1904, 31, 962). 

Vanadium and Uranium (v. J. Amer. Chem. 
Soc. 1906, 28, 1443). 

Vanadium and Iron {v. Iron; and J. Amer. 
Chem. Soc. 1908, 30, 1229, 1233). 

Zinc, (a) By precipitation. The chloride 
solution, containing 3 c.c. of concentrated hydro- 
chloric acid in a yolumo of 250 c.c., is heated 
noarl/ to boiling, and titrated with standard 
potassium ferrocyanide solution (2T6 grams 
per litre, titrated against pure zinc) until one 
or two drops of the solution produce a brown 
colouration with uranium nitrate (J. Amer. 
Chem. Soc. 1900, 22, 198 ; 1904, 26, 4 ; 1908, 
30, 226; Zeitsch. anal. Chora. 1906, 44, 174). 
The uranium nitrate indicator may be replaced 
by ammonium molybdate (Chem. Zeit. 1905, 29, 
961). It has been recommended to add excess 
of ferrocyanide, and titrate back with standard 
zino chloride (Zeitsch. anal. Chem. 1890, 36, 
460). 

(b"'or the application of this method to ores 
and alloys, v. J. Amer. Chem. Soc. 1907, 29, 
265 ; Chem. Zeit. 190.6, 29, 961 ; J. Soc. Chem. 
Ind. 1905, 24, 228, 1278.) 

(6) Acidimetrically. As for Magnesium, v. 
supra, p.212; and j. Amer. Chem. Soc. 1901, 
23, 468. 

(c) lodimCrically. As for Magnesium, v. 
supra, p, 212 ; and J. Amer. Chem. Soc. 1900, 
22, 363. 

COLORIMETEIO METHODS. 

These methods are especially valuaole for 
the estimation of very small quantities of sub- 
stances, and are capable of giving very accurate 
results. The depth of tint produced by some 
characteristic colour reagent in a given volume 
oftthe solution is compared with the tint pro- 
duced by the same reagent in an equal volume 
of a solution containing a known quantity of 
the substance to be determined. The tint in 
the comparison tube can be varied by varying the 
proportion of the substance which it contains, 
and when the tints are equal the quantities xA 
the substance in each tube are also equal. The 
quantity in one tube is known, and hence that 
in the other is determined. It is importwit tiiat 
the comparison be made imder comparable co&t 
ditions with respect to degree of aoid^ or 
alkalinity, proportion of the reagent, ana the 
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Uke. It is also importaat that the depth of tixtt 
should not be materially affected by the presence 
of other saline substances in the solution under 
examination. 

The following sul^tances may be determined 
by these methocS : — 

Lead, with hydrogen sulphide. 

Copper, with hydrogen sulphide or potassium 
ferrocyanido (Camelley, Chem. News, 32, 308). 

Iron, with potassium ferrocyanide (Camelley, 
Chem. News, 30, 257). 

Iron, with potassium thiocyanate (Thomson, 
Chem. Soc. Trans. 1886, 493). 

Vanadium, with hydrogen peroxide. 

Titanium, with hydrogen peroxide (Weller, 
Ber. 1882, 16, 2693). 

Ammonia, by Nessler’s solution (v. Water). 

Iodine, in solution in carbon disulphide, or 
with starch. 

Nitrates, by phenolsulphonic acid test 
(v. Water). 

Nitrites, by {i.) w-phenylenediamino ; (ii.) 
sulphanilic acid and a-naphthylamine {v. Water). 

The principle may likewise be applied to the 
comparison of colouring matters, provided that 
the solutions are sufhciently diluted {v. Colori- 
meter). 

Ultimate Analysis or Carbon Compounds. 

The majority of carbon compounds coatain 
carbon, hydrogen, and oxygen, or carbon, hydro- 
gen, oxygen, and nitrogen ; a smaller number 
contain one or more of the halogens, or 
sulphur. There are a still smaller number of 
organic derivatives of phosphorus, arsenic, 
antimony, silicon, and other metalloiual and 
metallic elements, and the metals also occur in 
the salts of organic acids. 

Qualitative Examination. 

Carbon is converted into carbon dioxide 
when the substance is heated with cupric oxide. 

Hydrogen. The substance is heated to a 
temperature below that at which decomposition 
begins, u«til all water existing as such is ex- 
peUed, and is then heated with tinelv divided 
and recently ignited cupric oxide ; the hy drogeii 
is evolved as water. 

Nitrogen, Many carbon compounds contain- 
ing nitrogen evolve this element m the form of 
ammonia when heated with caustic soda or soda- 
lime, but this test is not applicable to nitro-, 
nitroso-, azo-, and diazo- derivatives. 

Many nitro-, nitroso-, and diazo- derivatives 
evolve oxides of nitrogen, with or without ex- 
plosion, when heated. 

Nitrogen in all eJasses of carbon compounds, 
with the exception of the diazo- compounds, 
may be detected by heating the substance with 
metalllo sodium or potassium, together wi^ 
some sodium carbonate if the substance is 
explosive. The nitrogen is converted into 
alkali cyanide, and the cooled mass is extracted 
with water and the cyanogen detected by the 
Prussian- blue test, which consists m adding 
ferrous sulphate to the alkaline solution after 
jBltration, warming gently and then acidifying. 
NJtrogenous carbon compounds containing 
sii]]^ur yield, when heated with sodium, a 
tfai^yanate, and the Prussian-blue test cannot 
be A large excess of potassium is recom- 
Bieaded jn this case, when it is stated that sulphur 


does not interfere (Tftubet^, Ber. ISW, 82, 8180), 
A mixture of potassium carbonate (188 parts) 
and magnesium powder (72 parts) has been re- 
commended for general use in detMting nitrogen 
even in the case of diazo- derivatives and stable 
pyrrole compounds (v. Ber. 1902, 35, 2623 ; 
Gazz. chim. ital. 1904, 34. [2] €69). ^ This 
mixture is, however, found to take up nitrogwi 
from the atmosphere (Ellis, Chem. News, 1910, 
.102, 187). 

Halogens are detected by heating the sub- 
stance u ith pure lime or pine soda-lime, extract- 
ing with water, slightly acidifying with nitric 
acid, and testing with silver nitrate. Highly 
nitrogenous compounds, when heated with lime, 
are apt to yield calcium cyanide ; hence the 
supposed precipitate of silver halide should 
always be tested for cyaoide {v. Separa>ti(m 
of cyanide and chloride), unless nitrogen tf 
known to bo absent. With soda-lime no 
cy'anidp is formed. The substance may also be 
heated with sodium or potassium as in testing 
for nitrogen ; iodine and bromine are detected 
by acidifying, adding chlorine water, and shaking 
up with chloroform, which becomes purple or 
brown. The supposed silver chloride should, 
however, always be tested for cyanide. 

Sulphur and phosphorus in non-volatile sub- 
stances are detected by fusing with caustic soda 
or potash mixed with about ono-lifth its weight 
of potassium nitrate, or by heating wth sodium 
peroxide diluted w'lth sodium carbonate ; in 
either case the product is tested for sulphuric 
or phosphoric acid. Volatile or non-volatile 
substances may be oxidised by heating in a 
sealed tube at 150®-300°, according to cir- 
cumstances, with fuming nitric acid of sp.gr. 1‘6. 
Sulphur and phosphorus are oxidised to sul- 
phuric and phosphoric acid resp'^etivoly. 

Sulphur IS also detected by heating the sub- 
stance with sodium, extracting with water, anti 
adding sodium nitropnisside, when a brilliant 
violet colouration indicates the presence of 
alkaline sulphide. 

Arsenic and antimony are detected by fusing 
the substance with equal weights of sodium 
carbonate and sodium peroffido, extracting with 
water, acidifying, and passing in hydrogen sul- 
phide. Other appropriate tests for these two 
elements may be applied. 

Quantitative Determinatione. 

Carbon and hydrogen in absence of nitrogen, 
halogens, &c. 

The simplest and most convenient method 
for general purposes is to bum the compound in 
a glass tube in a current of oxygen, assisted by 
cupric oxide ; the carbon is converted into car- 
bon dioxide, which is absorbed by caustic 
potash ; the hydrogen is converted into water, 
which is absorbed by calcium chloride or con- 
centrated sulphuric acki. 

Erlenmeyer’s modification of Von Babo*s 
furnace is frequently employed. The heat is 
supplied by a row of 20-26 Bunsen burners, 
each of which is provided with a tap and a per- 
forated collar for regulatir^ the supply of air. 
The flames strike the under side of a semicircular 
fireclay or sheet^iron trough or gutter iit which 
the combustion tube rests on a layer of magnesw 
or asbestos. Inclined at an angle over 
gutter on either side is a row of fireclay tiles 
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Titian* Bt/ reduction and subsequent 
ibseidaium. It is difficult to obtain accurate 
results with quantities of titanium . dioxide 
exceeding 0-16 gram. The warm, dilute sul- 
phuric acid solution of titanic salt is reduced to 
the torvalerjt condition by means of zinc, 
aluminium-magnesium alloy, or zinc -aluminium 
aUoy (Zn, 90 p.c. A1 10 p.o.,.ca8t in sticks), 
cooled and rapidly filtered into ferric sulphate 
solution ; the equivalent quantity of ferrous 
sulphate produced is titrated with jV/lO-perman- 
ganate. Ti = Fe (Chera. Zeit. 1907, 31, 399; 
Amer. J. Soi. 1008-, 26, 130 ; Analyst, 1910, 35, 
198 ; compare J. Amer. Chem. Soc. 1895, 17, 
878). 

Titanium and Iron {v. Iron). 

Tungsten. By reduction and subsequent 
o^dation. The solution is reduced by zinc and 
hydrochloric acid to a condition corresponding 
to the oxide WOg, filtered and titrated with a 
standard ferric solution. The ond-point is per- 
ceived by the disappearance of the intense blue 
colour of the intermediate compound correspond- 
ing to W2O5, the reaction 

Fe^Oa+WOj = WOa-f 2FeO 
being quantitative (Chem. Soc. Proc. 1909, 26, 
227). 

Uranium, (a) By reduction and subsequent 
oxidation. M'he solution, containing 20 c.c. of 
concentrated sulphuric acid in a volume of 
126 C.C., is poured upon 100 grams of pure 
zinc (in sticks 2 cm. long), heated nearly to 
boiling for 15 minutes, filtered into a large 
porcelain dish, and the zinc washed with cold 
^ute sulphuric acid (1:10 by volume) till the 
total volume of solution is 300 c.c. The solution 
of uranous sulphate, which should be sea-green in 
colour, is then tjilated with iV/lO-permanganate. 
The solution can also be reduced by jmssage 
thfough a long column of amalgamated zinc ; 
in either case the reduction proceeds a little 
too far, but oxidation to the uranous state is 
accomplished during the filtration and wa.shing. 
High results are obtained by carrying out the 
experiment in an atmosphere of carbon dioxide. 
6U(S04)a = 2KMnO, = lOFeSO,, or U = 2Fo 
(J. Amer. Chem. Soc., 1909, 31, 307; compare 
ibt'd. 1901, 23, 685 ; 1906, 28, 1641 ; Amer. J. 
Sci. 1903, 16, 229). 

ih) lodimetrically {v. Ber. 1904, 37, 189), 

Vraniumand Vanadium {v. J. Amer. Chem. 
Soc. 1906, 28, 1443). 

V&nadium. (a) By reduction and subsequent 
oxidation, (i.) The vanadic solution containing 
sulphuric acid is boiled with sulphur dioxide 
until the colour is a pure blue, and the excess 
of sulphur ^dioxide then expelled with carbon 
dioxide ; the solution, containing vanadium 
salt corresponding to the oxide VjO^, is then 
titrated hot with A^/lO-permanganate. (ii. ) The 
sulphurio acid solution is passed through a long 
column of amalgamated zinc, and the reduced 
solution collected and titrated as described 
under Mol^denum. In this case reduction 
rooeeds as far as the oxide VaO.. (Amer. J. 
ci, 1908, 26, 332 f compare ihtd. 1903, 
16, 389]^ (iii.) The solution <^is evaporated 
nearly to dryness three times with concentrated 
hydiobhlorio acid, when vanadyl chloride VOCl, 
is formed; hydroohlorio aoiq is removed by 
•vaporation with sulphuric acid, the solution 


diluted and titrated with N/lO-permanganate 
(Ber. 1903, 38, 3164). 

(6) By reduction. The vanadate solution, 
hot or cold, and contaiimig hydroohlorio or 
sulphuric acid, is titrated wth standard (2 p.c.) 
stannous chloride (titrated against iodine) until 
a drop of the solution gives a blue colouration 
with amnjonium molybdate. Reduction pro- 
ceeds as far as the tetroxide Va04 (Bull. Boo. 
chim. 1008, 3, 626). 

(c) lodimetrically. (i.) About 0‘3-0'6 gram 
of vanadate is chstillod with T5-2-0 grams of 
potassium bromide and 30 c.c. of concentrated 
liydrochloric acid, the liberated bromine ab- 
sorbed in potassium iodide, and the iodine 
titrated with iV/lO-thiosulphate ; VjOs =* Br^, 
the reduction proceeding to the tetroxide (Chem. 
Zentr. 1890, i. 977 ; for other iodimetrio methods, 
V. Amer. J. Sci. 1896, 2, 186, 356; 1902, 14, 
369). 

Vanadium and Chromium (v. Bull. Sob. ohim. 
1904, 31, 962). 

Vanadium and Uranium (v. J. Amer. Chem. 
Soc. 1906, 28, 1443). 

Vanadium and Iron {v. Iron; and J. Amer. 
Chem. Soc. 1908, 30, 1229, 1233). 

Zinc, (a) By precipitation. The chloride 
solution, containing 3 c.c. of concentrated hydro- 
chloric acid in a yolumo of 250 c.c., is heated 
noarl/ to boiling, and titrated with standard 
potassium ferrocyanide solution (2T6 grams 
per litre, titrated against pure zinc) until one 
or two drops of the solution produce a brown 
colouration with uranium nitrate (J. Amer. 
Chem. Soc. 1900, 22, 198 ; 1904, 26, 4 ; 1908, 
30, 226; Zeitsch. anal. Chora. 1906, 44, 174). 
The uranium nitrate indicator may be replaced 
by ammonium molybdate (Chem. Zeit. 1905, 29, 
961). It has been recommended to add excess 
of ferrocyanide, and titrate back with standard 
zino chloride (Zeitsch. anal. Chem. 1890, 36, 
460). 

(b"'or the application of this method to ores 
and alloys, v. J. Amer. Chem. Soc. 1907, 29, 
265 ; Chem. Zeit. 190.6, 29, 961 ; J. Soc. Chem. 
Ind. 1905, 24, 228, 1278.) 

(6) Acidimetrically. As for Magnesium, v. 
supra, p.212; and j. Amer. Chem. Soc. 1901, 
23, 468. 

(c) lodimCrically. As for Magnesium, v. 
supra, p, 212 ; and J. Amer. Chem. Soc. 1900, 
22, 363. 

COLORIMETEIO METHODS. 

These methods are especially valuaole for 
the estimation of very small quantities of sub- 
stances, and are capable of giving very accurate 
results. The depth of tint produced by some 
characteristic colour reagent in a given volume 
oftthe solution is compared with the tint pro- 
duced by the same reagent in an equal volume 
of a solution containing a known quantity of 
the substance to be determined. The tint in 
the comparison tube can be varied by varying the 
proportion of the substance which it contains, 
and when the tints are equal the quantities xA 
the substance in each tube are also equal. The 
quantity in one tube is known, and hence that 
in the other is determined. It is importwit tiiat 
the comparison be made imder comparable co&t 
ditions with respect to degree of aoid^ or 
alkalinity, proportion of the reagent, ana the 
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a&d 10). In the tbeenoe of the side bulb, each 
limb of the tube ii dosed by a caoutchouc cork 
carrying a narrow tube bent at a right angie, 
one of these tubes dtting directly into the cork 
of the combustion tube, and the other being 
connected with the potash bulbs. A small test- 
tube, 2r-Z cm. long, placed in the upper part of 
the first limb of the U-tube, collects the greater 
part of the water, and thus protects the calcium 
chloride (No. 1, Fig. 17). (For other forms of 
calcium chloride tubes, v. Chem. Soc. Proo. 1906, 
22, 87 ; Chem. Zeit. 1907, 31, 342.) 

A U-tube containing pumice moistened with 
strong sulphuric acid may also be used to collect 
the water, but bulbs filled with the acid must 
not be used, since it dissolves an appreciable 
quantity of carbon dioxide. 

The carbon dioxide is absorbed in a strong 
solution of potassium hydroxide made by dis- 



1 . a. 

Fig. 18. 


solving this substance in an ci^ual quantity of 
water. The solution is contained in ‘ potash 
bulbs,’ of which there are many forms. Goisslor’s 
form is the inos3< convenient, since it will stand 
on its own base (No. 2, Fig. 18). Liebig’s original 
form (No. 1) is still used, but the more recent 



form devised by Bender (Fig. 19) secures efficient 
absorption, and is convenient for weighing, as 
it stands either on its own base or on an alu- 
minium foot. 

'The Geissler or Liebig bulbs must contain 
such a quantity of caustic potash solution that 
it washes up to a certain oxtent in the last 
bulb, but yet is not sufficient to fiU the large 
first bulb in case a vacuum is produced by rapid 
absorption of the sas. In addition to the potastt 
bulbs, a U-tube Med with granulated soda-lime, 
with a layer of calcium chloride 2 cm. deep in the 
upper part of each limb, is used to absorb the 
last traces of the gas and any small quantity of 
moisture that may be given off from the caustic 
potash solution. T\. o such soda-lime tubes may 
be used in place pf potash bulbs. (For other forms 
of carbon dioxide absorption tub^,v. Chem. Zeit. 
1906, 29, 609 ; 1907, 31, 342 ; 1908, 32, 77 ; 
Amer. Chem. J. 1906, 36, 309 ; Ann. Chim. anal. 
1007, 12, 318 ; Chem. Soc. Proc. 1908, 24, 182.) 


The tube containing the soda-lime is eon* 
neoted with a U -tube filled with calcium chloride, 
to protect the abso^tion apparatus from mois- 
ture ; this is especiMy neemul when the air is 
drawn through the apparatus by means of an 
aspirator. 

The oxygon or air used in the ooihbustion is 
freed from carbon dioxide by passing through a 
strong solution of caustic potasn. If compressed 
oxygen is employed, it is advisable to pass it first 
through a short length of heated combustion tube 
containing cupric oxide, in order to bum out 
any carbonaceous impurity. The tir or oxygen 
is then dried by passing through dry calcium 
cliloride or through pumice moistened with 
concentrated sulphuric acid, the same desic- 
cating agent must bo used to dry the gas as is 
employed to collect the wator produced during 
the combustion. * 

The oxygen is dried by passing it through 
two long ij -tubes containing caloium chloride. 
Instead of the U -tubes we may use a tall 
cylinder with the lower half filled with soda-lime 
and the upper with oalcium chloride. 

The oxygen required for combustions in the 
open tube may 1^ prepared from potassium 
chlorate and magnanese dioxide and stored over 
water in gasholders of moderate capacity. The 
gas may also bo generated as required by the 
following method, which furnishes the gas under 
sufficient pressure for use in combustions. A 
solution of 26 grams of potassium permanganate 
in 600 c.c. of water, and 60 c.c. of sulphuric acid 
is introfluced drop by drop into a litre flask 
containing 600 o.o. of hydrogen peroxide (10 
vols.). The gas contains chlorine and oxone, 
which are removed during its passage through 
the purifiers (BuU. Soc. Chim. 1007, [4] 1, 601). 

The. operation . — The tube is* placed in the 
furnace and connected at one end with the dry- 
ing apparatus and at the other with the calcium 
chloride guard tube, but not wdth the absorption 
apparatus. It is gradually heated to redness, 
a current of dry oxygon is passed through for 
half an hour to remove all moisture and organic 
matter, and the tube is allowed to cooL When 
a combustion tube is bein^ used for the first 
time or after a long interval, it is advisable to 
oairy out a blank experiment putting on the 
absorption apparatus and heating the tube for 
some time in a stream of dry oxygen. If the 
tube is ready for the analysis, the weight of the 
absorption tube and apparatus should be 
constant. The solid or non-volatile liquid subr 
stance is now weighed into the platinum boat, 
which is introduce into the tube by removing 
the long copper plug at the back, ana the latter 
is then replaced. The front end of the tube is 
then connected with the absorption apparatus, 
and the other end is connected with the drying 
tubes and the oxygen reservoir. The burners 
under the front part of the tube are now lighted 
and the temperature gradually raised until the 
tube is at a cfull-red heat to within 12 cm. of the 
boat. The tube in contact with the stopper at 
the front end should be so hot that it can only 
just be touched by the finger, and this tempera- 
ture should be maintained throughout the 
operation by regifiatmg the first two burilbrs, in 
order to prevent condensation of moisture with- 
out decomposing the stopper. If any water 
should condense, it may be volatilised by bringing 
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W.t of the hot tiles dose over the tube. The last 
two or three burners under the long copper plug 
at the back are now lighted and the temperature 
gradually faised to dull redness, whilst at the 
same time the copper oxide is heated to within 
5-6 cm. of the boat, and a current of oxygen is 
passed throjigh the tube at the rate of a bubble 
every two seconds. One of the burners under 
the boat is then lighted and the boat very 
gradually heated, combustion being regulated 
BO that the bubbles passing into the potash bulbs 
can easily be counted. When the substance is 
completely carbonised, the temperature of the 
boat is raised ftnd the current of oxygen increased 
to a bubble per second. Towards the close of 
the operation the boat is heated to redness and 
a somewhat more rapid current of gas is passed. 
It is not necessary to heat the tube above red- 
»ne88,and a higher temperature produces distor- 
tion. When combustion is oomplete, the current 
of oivgen is continued for a short time to tlrive 
out all carbon dioxide and rooxidise any reduced 
copper. When the oxygen bubbles through 
the potash bulbs at the same rate as through 
the drying apparatus, the oxygen reservoir 
is disconnected and a current of air is drawn 
through the whole apparatus to expel the oxygen. 
At the same time the tube is gradually cooled 
and is ready for a second operation. If the 
tube is carefully heated and cooled, it may he 
used for a very large number of analyses. The 
absorption apparatus is disconnected and 
weighed. All the weighings should be made 
without the plugs of caoutchouc tubing and 
glass rod which ai-e used to protect the contents 
of the tubes and bulbs from the air. When 
several analyses are being made of substances 
which bum only with difficulty, the entire heat- 
ing may with fdvaniage be carried out in a 
current of ox^fgen, and some saving of time is 
effected by weighing the absorption apparatus 
filled with oxygen. 

Volatile liquids are inclosed in a small thin 
cylindrical glass bulb 3 cm. long, with a capillary 
neck, readily made by drawing out a piece of 
wider tubing. The bulb is weighed, heated, and 
the capillary tube immersed beneath the liquid. 
As the tube cools a small quantity of the liquid 
enters. This is heated to boiling, and when the 
air is expelled the end of the lube is again 

S laced in the liquid, and when the vapour con- 
eqses the bulb is completely filled. If the 
liquid is very volatile, the capillary end may be 
sealed before weighing the tube, but usually this 
is not necessary. The bulb is placed in the 
boat’ with the capillary end open and directed 
towards the copper oxide. Combustion is con- 
ducted as already described, but much ^ater 
care is required, especially if the liquid is very 
volatile. The front part of the copper oxide 
must be quite red-hot before the liquid begins 
to volatilise, and it is advisable that the bulb 
bjQi empty before the copper oxide near the 
bcttit is heated. With an iron gutter sufficient 
heat is conducted to vapourise volatile liquids, 
but in other cases a ve^ low flame may be 
used, or one of the hot tiles may be held over 
the boat. In all cases it is difficult to prevent 
diffusidlof vapour into the back of the tube and 
even mto the drying apparatus. The long 
copjAr plug at the back increases the speed of 
the current by decreasing t]|je diameter of the 


passage, and the narrow diameter of entrance 
tube assists in a similar mannw, but in all oases 
of the analysis of a volatile substance a slow 
current of air should be passed almost from the 
beginning. Later, oxygen should be passed, but 
not too soon, otherwise an explosive mixture 
may bo formed. The open tube, in fact, does not 
yield such satisfactory results with volatile 
liquids as with other substances, and in such 
cases combustion should be made by the follow- 
ing method. 

Liebig's original method as modified by 
Bvnsen. Granular cupric oxide and some of the 
finely divided oxide are heated strongly, and 
while still hot are placed in flask.s with long necks ' 



which are then tightly corked. The combustion 
tube IS drawn out at one end in the manner 
shoutii m the figure, and scaled at the point a. 
A layer of granular enyuio oxide 
about 10 cm. long is first intro- 
duced by placing the combustion 
tube in the nook of the flask (Fig. 2 J ) 
containing it, and then 2-3 cm. of 
the finely divided oxide. The sub- 
stance (about 0*6 gram) is now intro- 
duced from a long narrow weighing 
tube which can be inserted into the 
mouth of the combustion tube, and 
5-G cm. of the finely <h\idcd oxide 
is added and intimately nuxed with 
the substance by means of a long 
copper wire, the lower end of which 
has two twists like a corkscrew (Fig. 

22). The wire and sides of the tube 
arerinsed with some of the oxide, and Fiq. 21. 
the tube is filled with the granular 
oxide to within 5-6 era. of the top, and a plug of 
cupric gauze inserted. Every care must be taken 
to prevent absorption of moisture by the cupric 

Q I ww 

Fig. 22. 

oxide. The remainder of the operation is con- 
ducted as desoribeij above, and when combustion 
is complete the drawn-out end of the tube is con- 
nected with a drying apparatus, the tip broken 
off inside the oaoutcnouo tube, and a current of 
oxygen and afterwards of air passed through 
the apparatus. 

In whichever way the combustion is made it 
is found that the percentage of hydrogen » 
always about OT-0-16 too high, a result attri- 
buted to the difficulty of perfectly drying the 
cuprio oxide, &o. It is frequently stated that an 
open tube rarely gives correct results the first 
time it is used ; but this is solely due to neglect 
of the precaution of first heating in a current of 
oxygen. 
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CwAufUtm with lead chromate. Sub- 


•tonoe* 8Uoh as graphite, resins, &o. which are 
oxidised with great difficulty, should be burnt 
with lead chromate, or in extreme oases with 
lead chromate containing 10 p.o. of potassium 
bichromate ; these oxidising agents can be em- 
ployed in either open or closed combustion tubes. 
The chromate is precipitated by adding potas- 
sium bichromate to a solution of lead nitrate, 
washed, dried, fused, and then granulated. It 
is heat^ immediately before being used, and 
the tube is filled in the same manner as with 
copper oxide in B. The efficiency of the lead 
chromate depends mainly on the fact that at a 
■eh temperature it fuses. After, being used it 
is heated with nitric acid in order to remove the 
reduced oxides, and is washed, dried, and 
again ignited. 

Carbon and hydrogen In presence of nitrogen, 
halogens, &C. When nitrogen is present it is 
partly converted into nitrogen oxides, which 
are absorbed by the caustic potash. In order 
to avoid this source of error, the front of the 
tube contains plugs of copper wire gauze or a 
layer of granulated metallic copper 12-16 cm. 
in length reduced in carbonic oxide. The copper 
is heated to redness throughout the operation, 
and the nitrogen oxides arc decomposed with 
absorption of oxygen and liberation of nitrogen. 
A silver gauze plug is preferable to the copper, 
because u the latter is reduced in hydro^n, it 
is apt to retain water, and if in methyl alcohol, 
it may also contain carbon (Zcitsch. anal. Cheui. 
1906, 14, 741). 

Perkin (Chem. Soc. Proc. 1880, 37, 457) 
employs precipitated manganic oxide made into 
a paste with a saturated solution of potassium 
chromate containing 10 p.o. of dicliromate, dried 
and ^anulated. A layer of this mixture 15 cm. 
long 18 placed in the front of the tube and heated 
to 200 -250® 0. All nitrogen oxides are ab- 
sorbed, but if the mixture is heated too strongly 
they are partially expelled. After each analysis 
the manganic oxide is heated more strongly 
whilst a current of air is passed through the tube, 
and the nitrogen oxides are more or less com- 
pletely driven oS. 

The halogens, when present, form halide 
copper salts, which are somewhat volatile and 
are liable to be carried into the absorption 
apparatus. In such oases the front layer of 
copper may be replaced by silver foil or gauze, 
which decomposes the nitrogen oxides and also 
absorbs the halogens. Compounds of this kind 
)may also be burnt by means of lead chromate, 
(». eupra), or a mixture of the substance with 
lead chromate may be placed in a porcelain 
boat and burnt in a current of oxygen in the 
usual way (c/, Amer. Chom. J. 1906, 36, 631). 

Sulphur forms sulphur dioxide, which is ab- 
sorbed oy caustic potash. Compounds contaiiv 
ing this element may be burnt with lead chro- 
mate, care being taken that the front of the tube 
^ not too hot ; or the front of the tube may 
contain a somewhat longer layer of manganic 
oxide and potassium chromate, the front half 
bemg kept at 200°-260° to absorb nitrogen 
oxides, wmlst the rear half is heated to dull 
redness and absorbs the sulphur dioxide 
(Perkin, Ic.). 

Conibustion in presence of a contact 
tubetance. The use of a special combustion 
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furnace may be obviated by bringing » mixture 
of oxygen and the vapour of the organic sub- 
stance heated to a suitable temperature, into 
contract with some active material, such as 
platinum, platinised quartz, platinised asbestos, 
palladium, or even finelv divided copper oxide. 
This process, which has been applie(iBUC0es8!fully 
by Dennstedt and his collaborators to a varied 
series of organic substances, is carried out in a 
hard-glass or quartz combustion tube, about 
86 cm. in length and 16-18 mm. in diameter, 
the contact material being placed about the 
middle of the tube. Platinised quartz is pre- 
pared by soaking thoroughly clean and dry 
quartz fragments in an alcoholic solution of 
P3ndine platinichloride and igniting them over 
the blow-pipe. A layer of about 3 cm. of this 
material can be used in the combustion, or 
platinum foil or wire may He employed, one of 
the moat efficient forms of this metal being a 
six-rayed star of platinum foil, about 10 cm. in 
length. The combustion is most conveniently 
effected in a double supply of oxygen. The 
boat containing the substance is placed in the 
hard-glass inner tube (18 cm. in length) shown 
in Fig. 23, w'hich is oi)en at one end and at the 



other terminated by a wide capillary tube, 
through which a current of dry oxygen can be 
introduced. This inner tube has a diameter of 
about 14 ram., and oxygen can bo passed through 
the annular space by means of the T -tube fitting 
over the capillary tube as shown in tho figure. 

By means of this apparatus the supply of 
oxygon required for vaporising and bummg the 
substance can be carefully regulated. When 
the organic compound contains nitrogen, sul- 
phur, or halogens, a largo ^oat containing lead 
peroxide is placed in the combustion tul^ and 
heated to 300®-320®. The sulphur is absorbed 
in the form of lead sulphate, and may be esti- 
mated by extracting the load peroxide with 
6 p.o. sodium carbonate solution, and estimating 
the sulphate in the filtrate. The estimation of 
chlorine and bromine may be similarly effected. 
Iodine is not entirely absorbed by lead peroxide, 
and, accordingly, ‘ molecular * silver must be 
employed to take up this element (Dennstedt, 
ZeitscL angew. Chem. 1905, 18, 1134 ; 19, 617 ; 
Chem. Zeit. 1906, 29, 52; 1909, 33, 769; 
Analyst, 1905, 135 ; Ber. 1908, 41, 600 ; Bau- 
mert, Ber. 1907, 40, 3476). Walker and Black* 
adder recommend a furnace 60 cm. lon^, with 
granular copper oxide partly placed m the 
combustion tube and partly mixed with the 
weighed substance. The combustion is carried 
out in about *30 minutes, and the tube can be 
heated with Bunsen burners on an ordinary 
working bench (Chem. Ne*vs, 1909, 99. 4 ; c/, 
Marek J. pr. Ch^. 1906, 73, 369). || 

Electrical method. In this proc^ the 
electric current is used as the source of heat, and 
platinum as the catalyst. A Dennstedt inner 
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tube ii employed to contain the boat z with the 
weighed aubfltanoe, and the spiral of platinum- 
iridium wire irj is wound round a porcelain or 
quartz tube held in position in the combustion 
tube by a nickel tube de, passing through the 
indiarubber stopper o. The coif is heated to 
redness by the passage of the current through 


UKJOPy and the absorption apparatus is fitted 
on to the outer end of the nioW tube ua. A 
divided stream of oxygen is employed as in the 
Dennstedt process, and the time required for 
complete combustion varies from Ifi to 40 
minutes. 

The consumption of electrical energy in 



this method of carrying out combustions is 
small, amounting t^) about 3-6 amperes at 
64 volts (194*4 watts) during the time when 
the highest temperature is obtained (Bretoau 
and Lerona, Bull. Soc. chim. 1908, [4] 3, 16; 
cf. B. Blount, Analyst, 1906, 30, 29 ; Morse and 
Taylor, Amer. Chem. J. 1906, 33, 691 ; Morse 
and Gray, Amer. Chem. J. 1906, 36, 461 ; 
Carrasco and Plancher, Gazz. chim. ital. 1906, 
36, 492 ; Lippmann, Chem. Zeit. 1906, 29, 487, 
174 ; Tucker, J. Amer. Chem. Soc. 1907, 29, 
1442). 

Nitrogen. This element is determined in 
the form of ammonia (Will and Varrentrapp, 
RufiSe, Kjeldahl), or in the form of nitrogen gas, 
which is collected and measured, the weight 
being calculated from the volume (Dumas, Max- 
well Sisson). 

A. WiU and Varrentrapp' s method. The sub- 
stance is heated with soda-lime and the nitrogen 
is evolved as ammonia, which is absorbed in 
hydrochloric acid and precipitated as ammo- 
nium platinioMoride or estimated voluraetri- 
caily. This method is not applicable to azo-, 
diazo-, nitro-, and nitroso- derivatives, and to 
certain albuminoid substances. 

Soda-Ume is prepared by slaking 2 parts of 
good quicklime with a strong solution of 1 part 
of sodium hydroxide free from nitrates or sul- 
phates. The mixture is dried by heating in an 
iron vessel, granulated, and preserved in well- 
closed bottles. A mixt-ure of equal parts of 
calcium hydroxide and anhydrous sodium car- 
bonate may also be used, 

4 glass tube about 60 cm. long and 12 mm. 
diameter, sealed at one end, is filled to a depth 
of about 6 cm. with a mixture of anhydrous 
oxalic acid and granular soda-lime, and a short 
plug of recently ignited asbestos is inserted. 
The substance is intimately mixed with suflficient 
finely powdered soda-lime to form a layer about 
15 cm. long, and is quickly introduced into 
the tube. The mortar is rinsed with a small 
quantity of soda-lime, which is also put in the 
tube, and the latter is then filled with wanular 
soda-lime to within 6 cm. from the end and a 
loose asbestos plug inserted. The tube is tapped 
to form a channel over the powdered soda-lime 
for the escape of the gases, and is placed in a 
furnace, which may be considerably shorter than 
that cu^ in the estimation of hydrogen and 
oxygen^ The combustion tube^is attached by 
raeastu of a perforated cork to an apparatus for 
abso^ing the ammonia. This may consist of 
the bulbs originally devised Jby Will and Var- 


rentrapp, or of an ordinary bulb U-tube. 
Winkler has devised a combmation of bulb 
and flask which is especially convenient for 
estimations by titration, since the liquid need 
not be transferred. Ordinary dilute hydro- 
chloric acid or a definite volume of standard 
acid is placed in the bulb. The tube is gradually 
heated to redness, beginning at the end near 
the U-tube, and when decomposition is com- 
plete the oxalic acid at the back is heated, and 
the ammonia in the tube is driven out by 
the current of carbonic oxide and carbon 
dioxide. The excess of acid is then determined 
by stlhdard alkalf; or the liquid is evaporated 
with platinio chloride as in an ordinary estima- 
tion of ammonia, and the precipitate is washed 
with ether containing a small quantity of alcohol, 
dried, heated in a crucible till completely decom- 
posed, and the nitrogen calculated from the 
weight of the residual platinum. PtsaN,. The 
nitrogen frequently forms volatile bases other 
than ammonia, and hence the platinum pro- 
cipitate cannot be weighed as such. The ratio 
of platinum to nitrogen is, however, the same in 
all cases. The precipitate is washed with ether, 
because if such bases are present, it may be 
soluble in alcohol. 

It is important that the front part of the tube 
be heated sufficiently to secure complete decom- 
position, but the temperature must not be too 
high, otherwise part of the ammonia itself is 
decomposed, and the results are too low. Sub- 
stances rich in nitrogen should be mixed with 
some pure sugar in order to dilute the ammonia 
and prevent too rapid absorption. 

Various modifications of Will and Varren- 
trapp’s method have been introduced in order 
to make it more generally applicable, but these 
processes have been superseded by Kjeldahl’a 
method (c/. Ruffle, Chem. Soc. Trans. 1881, 39 
87 ; Arnold, Ber. J886, 18, 806). 

B. Dumas' method. In this process the hydro- 
gen and carbon are burnt by means of cupric 
o 4 ido and the liberated nitrogen collected 
and measured. A glass tube 80 cm. long, 12 to 
15 mm. diameter, sealed like a test-tube at one 
end, is filled to a length of 12-16 cm. with dry 
sodium hydrogen carbonate, 4 cm. of cupric 
oxide is added, and then an intimate mixture 
of the substance (0*3-0;6 gram) with cupric 
oxide, then the cupric oxide used to clean the 
mortar, a layer of CTanular cupric oxide, and 
finally a layer of reduced wanulated copper or 
copper- wire gauze not less than 16 cm. in length. 
The tube is connected by means of a cork and 
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bent tube with an apparatus for collecting the 
nitrogen. The sodium hydrogen carbonate is 
first heated until all air is ex^lled and the 
issuing gaS is completely absorbed by potash 
solution. The copper is then heated to redness, 
the heat being gradually applied to the whole 
tube as far as the carbonate. When combustion 
has ceased, the carbonate is again heated until 
all the nitrogen has been expelled. 

Tlie most convenient form of apparatus for 
collecting the nitrogen is that devised by If. 

Schiff (Zeitsch. anal. 
Chem. 7, 430), or a simi- 
lur form described by 
Groves (Chem. Soc. 
'J’rans. 1880, 37, 600). 
'J'he former consists of a 
burette, a, fitted with a 
heavy foot and provided 
with a stop-cock, c, at 
the top. Close to the 
bottom is a tubulus, 6, 
inclined at an angle of 
about 45®, and on the 
other side is another 
tubulus, or, connected by 
moans of a caoutcliouc 
tube previously soaked 
in parallin with a globu- 
l.ir reservoir, b, which is 
attached to the burette 
by a clip, and the lieight 
of which is readily ad- 
justed. Mercury is 
jtoured into the burette 
t hrough the lower tubu- 
lus to a height of 2 or 
3 mm. above the lower 
opening, and the reser- 
voir 18 then filled with a 
solution of caustic pot- 
ash in its oun weight of water, the lower 
tubulus being closed with a cork. The stop- 
cock is opened and the reservoir raised until the 
burette is completely filled with the alkaline 
solution. The stopcock is then closed and the 
reservoir lowered to the bottom of the burette. 
The tubulus may now be opened without the 
mercury or alkaline solution being forced out. 
When the aii has been expelled from the com- 
bustion tube the end of the delivery tube is 
inserted through the tubulus and the nitrogen 
collected. At the close of the operation the 
temperature of the gas is allowed to become con- 
stant, the reservoir is raised so that the level of 
the liquid is the same as in the burette, and the 
volume of the nitrogen is rea^ off, together with 
the temperature and the height of the baro- 
meter. The weight of the nitrogen, P, is then 
calculated from the volume by means of tl|e 
formula 

V(B-/)0-001251 
^ ” (1 -f 0*003600760’ 

where V is the observed volume, B the height 
of the barometer. / the tension of aqueous 
vapour at the temperature t, and 0*001261 the 
weight of 1 o.c. of nitrogen at 0° and 760 mm. 

Glatterman (Zeitsoh. anal. Chem. 24, 67) 
collects the nitrogen in an apparatus similar to 
Sohiffs, but not graduated. A bent tube of 
small diameter completely filled with water is 


attached to the jet of the burette by means of 
caoutchouc tubing. By closing the lowr 
tubulus, raising the potasn reservoir, and opening 
the stoTOOck, the gas is driven over into a gradu* 
ated tube standing over water, and is measured. 
J’he error duo to tne unknown vapour.tension of 
the potash solution is thus avoided, but the 
vapour tension of the water at the particular 
temperature must of course be taken into 
account. Other forms of apparatus are de- 
scribed by Zulkowsky (Annalen, 1876, 182, 296 ; 
Roscoe and Schorlemmer’s Chemistry, 3, pt. 1, 
74) and Schwarz (Ber. 1880, 13, 171). 

C. Maxwell Si7npson^s modification of Dumas* 
method (Chem. Soc. Trans. 1863, 6, 290 ; Annalen, 
1856, 95, 74). In order to avoid the formation 
of carbonic oxide and nitric oxide, the substance 
is burnt with a mixture of cupric oxide and 
mercuric oxide. Into a tube similar to that 
used ill Dumas’ method is introduced about 

12 grams of manganese carbonate or granulated 
magnesite mixed with 2 grams of precipitated 
-mercuric oxide, followed by a plug of asbestos. 
Another gram of mercuric oxide is introduced, 
and then an intimate mixture of 0*5 gram of the 
substance with 45 parts of a previously prepared 
and thoroughly dry mixture of 4 parts of ignited 
cupric oxide and *5 parts of precipitated mercuric 
oxide. The mortar and the sides of the tube are 
rinsed with a similar mixture and another as- 
bestos plug is introduced. A layer of granular 
cupric oxide about 9 cm. lu length and a layer of 
not lees than 20 cm. granulated copper, kept in 
position by another asbestos plug, fill the re- 
mainder of the tube. After the air has been 
expelled by heating the manganese carbonate or 
magnesite, the tube is gradually heated to red- 
ness, beginning from the fronj. The metallic 
copper not only decomi)Ose8 nitrogen oxides, but 
also absorbs the excess of oxygen. The gna ja 
collected as in Dumas’ mcthotl, the magnesite 
or manganese carbonate providing the carbon 
dioxide. 

Certain organic compounds {e.g. hydroaroma- 
tic series), when analysed for nitrogen, evolve a 
portion of their carbon as methane, which, being 
burnt only iuiporfectly, aifds to the volume oi 
the nitrogen. In those cases lead chromate is 
recommended as the oxidising agent, or the 
Bubstance may be mixed with cuprous chloride 
and copper oxide (Haas, Chem. Soc. Proc. 1906, 
22, 81). 

Various modifications of Dumas’ process have 
been proposed. Thudichum and Wanklyn use a 
mixture 6 parts of normal sodium carbonate and 

13 parts of fused potassium bichromate iu place 
of sodium hydrogen carbonate. Groves (l.c.), 
with a view to usmg the same tube repeatedly, 
places the mixture of carbonate and bichromate 
in a small tube connected with the combustion 
tube by an indiarubber joint. The portion 
of the cupric oxide mixed with the substance is 
separated from the layer remaining always in the 
tube by* means of a tight plug of asbestos and 
copper gauze, the latter keeping a free passage 
for the gas. 

The combustion tube ijiay be open at both 
ends, the rear being connected with an apparatus 
for generating carbon dioxide, but sp^al pre- 
cautions must be taken to obtain this gas free 
from air (v. Warwigton, Chem. Soc. Trans. 1882, 
41, 340). : 



Fig. 25. 
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The carbon dioxide required for this modifica- 
tion of Dumas’ process may bo generated in a 
lUpp’s apparatus by the action of hydrochloric 
acid on marble or caloite. These minerals 
should, however, be boiled with water before 
being used, in. order to free them from air. The 
dioxide may also be generated by dropping a 
concentrated solution of potassium carbonate 
(sp.gr. 1*6) into a mixture of water and con- 
centrated sulphuric acid. A convenient ap- 
paratus in which to effect this operation is shown 
in the accompanying figure (Young and Caiid- 



well, J. Soo. Chem. Ind. 1007, 20, 184). The 
carbonate solution flows from the dropping 
funnel into the mercury trap and out into the 
Woulff’s bottle through the small hole a. The 
rate of evolution is regulated by the exit tap, 
and s is a safety tube. 

In both Dumas’ method and Simpson’s 
rqodification the combustion tube may be drawn 
out at the front end and connected with a 
Sprongel mercury pump by glass tubing joined 
by short pieces of caoutchouc tubing, the joints 
being surrounded by short wide tubes filled 
with water or glycerol. A bulb is blown on the 



horizontal part of the glass tube at the end near 
the combustion tube, and this bulb is kept cool 
during the operation, and serves to condense the 
water which is form^. The combustion tube is 
made ^acuous, and when no more air issues 
from the end of the pump, the combustion is 
conducted in the ordinary way, the gas which is 
evolved being pumped out by the Sprengel pump 
and collected in a suitable tifbe. No magnesite 


need be used. The copper oxide keeps the 
hausted tul^ from collapsing when heated. 

In many oases, especially with nitro- deriva- 
tives, the gas generated in the exhausted tube 
is a mixture of nitrogen with nitric oxide, the 
latter being sometimes present in considerable 
quantity. It is advisable, therefore, to de- 
compose the nitric oxide by using either a 
layer of reduced copper or a long plug of silver 
gauze placed between the copper oxide and the 
exit, and by keeping this material heated 
throughout the combustion. 

Liquids in which nitrogen is to be determined 
may be enclosed in bulbs which arc dropped into 
the combustion tubes as in the determination ot 
hydrogen and oxygen. 

The copper oxide used in nitrogen deter- 
minations should be prepared by heating metallic 
copper in air and never by ignition of the nitrate, 
since in the latter case it is apt to contain basic 
nitrates which evolve nitrogen on heating. 

The copper used in nitrogen determinations, 
&c., should not bo reduced in hydrogen, since it 
13 liable to occlude this gas. It may be reduced 
in the mixture of carbon monoxide and carbon 
dioxide obtained by heating oxalic acid with 
strong sulphuric acid. Plugs of copper gauze 
may also be reduced by heating them to redness 
and dropping them into a test-tube containing a 
few d^’ops of formij acid or methyl alcohol. The 
reduced copper is carefully dried at 100®~110®. 

When no carbonate is used and the gas is 
simply pumped out of the tube and collected 
over mercury, it consists of a mixture of car- 
bon dioxide and nitrogen. If the former is 
estimated by absorption with caustic potash, a 
determination of the carbon may be combined 
with that of nitrogen. 

Jannasoh and Moyer have described a method 
for the simultaneous estimation of carbon, hydro- 
gen, and nitrogen (Ber. 1886, 19, 949 ; Annalen, 
1886, 233, 375 ; Zeitsoh anal. Chem. 1887, 26, 
86 ; c/. Bull Soo. chim. 1905, 33, 961). 

D. KjeldahVs method (Zoitsch. anal. Chem. 
1883, 22, 366) The substance is heated with 
concentrated sulphuric acid to a temperature 
approaching the boiling-point of the latter, and 
when decomposition is complete, an excess of 
solid potassium permanganate is added. The 
nitrogen is thus converted into ammonium 
sulphate, which is then distilled with excess of 
alkali and the ammonia collected and estimated. 
This method is economical, requires no com- 
bustion furnace or special apparatus, is rapid, 
and requires comparatively little attention, so 
that a large number of determinations can be 
carried on at the same time. The substance need 
not be in a very fine state of division, and the 
method is especially suitable for liquid and pasty 
B;ib8tance8 such as extracts. 

It is important that the sulphuric acid em- 
ployed for these determinations should be pro- 
tected from ammonia, and the caustic soda solu- 
tion should be well boiled in order to expel any 
ammonia which it may contain. The purity of 
the reagents is best ascertained by making an 
experiment with pure su^r. If a small quantity 
of ammonia is present, tne same quantity of the 
reagents should be used in each experiment, and 
a correction made for the ammonia which they 
contain. 

In order to prevent bumping during distillation. 
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a small piece of zinc may be placed in the 
flask, bat it is essential that the soda should be 
free from nitrates and nitrites, which would bo 
reduced and yield ammonia. 

The time required for the operation may be 
considerably shortened by using sulphuric acid 
containing sulphuric anhydride or phosphoric 
aiiydride. 

The method as thus carried out is applicable 
to all substances which can be analysed by Will 
and Varrentrapp’s process, and to many others. 

Heffter, HoUrung, and Morgen (Zoitsch. f. 
Chem. 8, 432) treat I’O-rfl grams of substance 
with 20 c.c. of a mixture of 4 vols. ordinary 
sulphuric acid and 1 vol. of fuming acid, and 
2 grams of phosphorus pentoiide. Kreusler 
(Zeitsch. anal. Chem. 1885, 24, 453) uses sul- 
phuric acid containing 200 grams of phosphorus 
pentoiide per litre. 

Wilfarth (Chem. Zentr. [3] 16, 17, 113) finds 
that the oxidation of tne organic matter 
takes place much more rapidly in presence of 
certain metallic oxides. Mercuric oxide is the 
most efficient, but cupric oxide answers almost 
equaUy well. The former produces mercuri- 
ammonium derivatives, which are not readily 
decomposed by caustic soda, and hence the 
alkaline liquid must be mixed with some potas- 
sium sulphide to decompose the mercury com- 
pounds. The mercuric sulphide formed ftakes 
the liquid boil regularly without the addition 
of zinc. Ulsch recommends the use of ferrous 
sulphrfte instead of potassium sulphide ; it may 
be added before the caustic soda. 

Warington (Chem, News, 1885, 52, 162) 
removes nitrites and nitrates by boiling with 
ferrous sulphate and hydrochloric acid. 

With a view to secure the reduction of nitro- 
derivatives, &o., and thus make the process 
generally applicable, Asboth (Chem. Zentr. p] 
17, 161) mixes 0*6 gram of the substance with 
1 gram of pure sugar in the case of readily 
oxidisable compounds, and with 2 grams of 
benzoic acid in the case of nitrates and similar 
derivatives. Most probably the benzoic acid 
first forms nitro- derivatives, which are after- 
wards reduced. He adds Rochelle salt with the 
caustic soda in order to prevent precipitation of 
manganese, Ac., and thus avoids bumping 
during distillation. With those modifications 
the method is applicable to aU nitrogen com- 
ounds exce^ those of the pyridine and quino- 
ne series. E. Arnold (ib. p. 337) uses 0-6 gram 
of anhydrous cupric sulphate and 1 gram of 
metallic mercury in place of the oxides as 
recommended by Wilfarth, and heats 1 gram of 
the substance with these an<^20 c.c of sulphurio 
acid containing 20-25 p.c. of phosphoric 
oxide. 

C. Arnold (Arch. Pharra. [3] 24, 786) confirifts 
Asboth ’s statements, but finds that in addition to 
pyridme and quinoline compounds, azo- deriva- 
tives and nitrites yield unsatisfactory results. 
He heats 0-6 gram of substance with 0-5 gram 
of anhydrous cupric sulphate, 1 gram of metallic 
merouty, 2 grams of phosphoric oxide, 1 gram 
of sugar, and in case of nitrates, Ac., 2 grams of 
benzoic acid, and 20 c.c. of sulphurio acid. 

Reitmair and Stutzer (Rep. AnaL Chem. 6, 
232 ; Zeitsch. anal. Chem. 1886, 25, 682) use 
about 0*7 gram of mercuric oxide and 20 c.c of 


in the case of substances rich in fat. They 
regard the use of phosphoric oxide as unneoes- 
sary, and the use of fuming sulphurio acid as 
unaesirable on account of its liability to oontain 
nitrogen oxides. 

Jodlbauer (Chem. Zentr. [3] V, 433) usee 
phenolsulphonic acid in place of benzoic acid, 
and reduces with zinc dust. He thus obtains 
good results even with nitrates. Reitmair and 
Stutzer (Rop. Anal. Chem. 7, 4) find that the 
nitrate must be somewhat finely divided ; 0*5 
to 1-0 gram of the substance is mixed with 
60 0 . 0 . of sulphuric acid containihg 20 grams of 
phenol per litre, allowed to stand for a short 
time with occasional agitation, mixed with 2-3 
grams of dry zinc powder and 1 or 2 drops of 
metallic mercury, and heated in the usual way. 
Conversion into ammoniufh sulphate requires 
one and a half hours. 

A most important improvement in the 
Kjeldahl process due to Gunning (Zeitsch. anal, 
Chem. 28, 188), consists in the addition of 
potassium sulphate to the concentrated sul- 
phuric acid. The solution of potassium hydro- 
en sulphate in concentrated sulphurio acid 
oils at a temperature considerably above the 
boiling-point of J^he strong acid and the oxidation 
of the organic matter is thereby greatly facili- 
tated. Various oxidising and catalytic agents 
may bo employed in conjunction with this 
mixture, and the following are among the 
many which have boon suggested in addi- 
tion to those already mentioned : platinio 
chloride, ferric chloride, manganese dioxide, 
magnesia, and sodium phosphate. The use of 
potassium permanganate has now been aban- 
doned, and, in the case of refractory substances, 
oxidation is now generally induced by the 
catalytic action of mercuiy or its oxido. 'I'ho 
following process is described by Dyer (Chem. 
Soc. Trans. 1895, 87, 811). The substance 
(0'6-5 grams) is introduced into a round- 
bottomed Jena flask, and heated gently with 
20 0 . 0 . of concentrated sulphuric acid containing 
a small globule of mercury. After the initio 
action has subsided, the temperature is raised to 
boiling, and in 15 minutes 10 grams of potassium 
sulphate are added, and the boiling continued 
till the solution is clear and colourless. The 
flask is closed with a loosely fitting bulb stopper, 
from the internal projection of which the con- 
densed sulphuric acid drops baok into the flask. 
There is, therefore, little loss of acid except 
through reduction to sulphurous acid. The pro- 
duet is rinsed into a capacious Jena distilling 
flask, rendered strongly alkaline with scxlium 
hydroxide, with the addition of a small quantity 
of sodium sulphide, and the liquid distilled in 
a current of steam, the ammonia being collected 
and estimated in the usual way. 

When nitrates are present, Jodlbauer*s 
modification is employed, but the phenol may 
conveniently be replaced by salioylic acid. 
When the solution of this substance in concen- 
trated sulphuric acid is poured quickly on to 
the weighed material, the loss due to the forma- 
tion of lower oxides of nitrogen is avoided, and 
satisfactory reejilts are obtained eve« vhen 
ammonium nitrate is present. This circum- 
stance is of great importance in connection with 
the analysis of compound fertilisers containing 

...Ur, 
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line and mercury are added while the solution 
is still cold, anu the former metal tdlowed to 
dissolve before the mixture is heated. Other 
reducing agents, such as sugar and sodium 
thiosulphate, may be used either alone or in 
conjunction with zinc. By the aid of this 
modified process satisfactory results are obtained 
in the analysis of organic nitro-,azo-,and hydrazo- 
derivatives. It has not been found possible to 
obtain correct estimations of nitrogen in sodium 
nitroprusside, phenylhydrazine and its deriva- 
tives, and in mixtures containing large propor- 
tions of chlolides and nitrates (cf. J. Amer. 
Chem. Soc. 17, 667 ; Analyst, 1906, 314; Ber. 
1906, 38, 669 ; Chem. Soc. Proc. 1901, 25, 351 ; 
1903, 27, 988). 

The literature of nitrogen determinations is 
erctremely voluminofis. Summaries of contribu- 
tions to this subject will be found in Zeitsch. 
anal. Chem. 1884, 23, 661 ; 24, 439 ; 25, 424 and 
671 ; 20, 249; and Chem. News, 1888, 67, 62, 
et seq. In addition to the references already 
given, papers relating to Kjeldohl’s prooi'ss may 
be found in Zcitsch. ana). C'hem. 24, 199, 388, 
and 393 ; 26, 149 and 166 ; 20, 92 ; 27, 222 and 
898. 

Chlorine, bromine, and iodine. 

By lime. A tube about 40 cm. long and 
7 mm. diameter, sealed at one end like a test- 
tube, is filled to a depth of 5 cm. with pure 
granulated quicklime. The substance is m cighed 
into the tube and mixed with finely powdered 
lime by means of a copper wire twisted at the end 
like a "corkscrew. The wire and tube are rinsed 
with lime, the tube is filled to within 6 cm. of 
the Ojien end with granulated lime. The tube 
is gradually heated to redne.ss from the front. 
When cold the erntents of the tube are dissolved 
in water sliglilly acidified with nitric acid, 
filtered, and the halogen precipitated by silver 
nitrate. 

Tn the case of iodine the substance is dissolved 
in water, filtered, mixini with silver nitrate, and 
finally acidified, in order to avoid liberation of 
iodine. A further precaution consists in adding 
a little sodium sulphite before each addition of 
nitric acid. 

When the substance contains nitrugoii, cyan- 
ides may be formed ; but this is avoided by 
using pure soda-lime in place of lime. If the 
lime contains sulphates, some sulphide is liable 
to "be produced. (On the preparation of pure 
lime, see Zeitsch. anal. Chem. 4, 61 and 16, 6.) 

Liquids are contained in small bulbs with 
capillary openings, which are dropped into 
the tube before filling up with lime. The tube 
must be very gradually heated, and should bo 
longer than usual. 

Carius's method (Annalen, 1860, 116, 1 ; 1866, 
136, 129; Ber. 1870, 3, 697). Tlie substance 
is oxidised by heating with nitric acid in sealed 
tubes in presence of silver nitrate. In many 
pases acid of sp.gr. 1*2 and a temperature of 
120®-200® will suflBco ; but substances which 
ajre more difficult to oxidise require acid of 
Bp.^. 1*42, mixed in special cases with some 
potiaainm diohromate, or the fuming acid of 
Bp.gr. may be used. If necessary the tubes 
may be heated as high as 300®. The quantity 
of lihid usetl should not be more than twice 
that theoretically required for complete oxida- 
iiou, and the tube must not contain more than 


4 grams of nitric acid for each 60o.o. of its volume. 
If the operation is prolonged, it is desirable to 
reduce the pressure m the tube by opening it 
from time to time by heating the capillary end 
of the previously cooled tube in a flame until 
it softens, when the gas forces its way out. 

The w'eighed substance is enclosed in a 
narrow tube of thin glass of such length that 
its mouth projects above the nitric acid in the 
tu])e, and the acid docs not come in contact 
with the substance until the tube is sealed. 
'J’ho tubes used should be about 16 mm. in 
diameter and 1*6-2 mm. thick in the glass. 
After introduction of the substance they are 
drawn out to a capillary tube with thick walls, 
which is then sealed. The sealed tubes are 
heated in a pressure tube furnace tilted at one 
end so that the capillary ends of the tubes do 
not come into contact with the liquid. After 
being heated, the tubes should on no account 
be removed from the protecting iron or steel 
tube until they have been opened. For this 
purpose the tubes are held in position by means 
of a cork collar through which the capillary 
ends project out of the furnace. I’he capillary 
end is first gently warmed to volatilise any con- 
densed acid, and then heated more strongly 
until the gases under pressure blow a hole 
through the softened tip of the scaled capillary. 
In thVs operation ihe picssuro of the imprisoned 
gases is very great, and it is extremely dangerous 
to attempt to open the tube with a file. The 
tube furnace should only be used for this pur- 
pose within a w'ell-protected enclosure (Fig. 28), 
so as to minimis(> iho jiersonal risks arising from 
explosions of the heated tubes. 



Fig. 28. 


The silver salt formed is rinsed out of the 
opened tube and treated in the usual way. 

For the estimation of iodine in organic com- 
pounds this method is to be jpreferred to the 
lime process, but as the silver nitrate and silver 
iodide frequently form a fused yellow mass, 
the mixture must be extracted thoroughly with 
hot water in order to remove the former salt. 
The silver halide obtained by the Carius method 
is collected in a tared Gooch crucible, washed 
successively with water and alcohol, dried at 
100®, and weighed, 

8tepanow*8 method. The substanoe is boiled 
with alcohol (20-40 o.o.) and sodium is added 
at such a rate tlmt a vigorous reaction is main- 
tained. A large'exoesB of the metal is essential 
Xa+2Na-fOaH,*OH«iXH+Naa+C,H,‘ONa, 
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When all the sodium has dissolved, 20-40 o.o, of 
water are added, and the alcohol removed by 
distillation. The aqueous solution is aoidified 
with nitric acid, and the halogen estimated 
gravi metrically, or folumetrically by Volhard’a 
method (Ber. 1906, 39, 4066 ; cf, Bacon, J. 
Amer. Chem. Soo. 1909, 31, 49). By using the 
latter method and weighing the mixed silver 
halides, the two halogens can be estimated 
indirectly in the same compound. 

Pringsheim’s method consists in burning the 
organic substance with sodium peroxide. Com- 
pounds containing more than 76 p.o. of carbon 
are mixed with 18 parts of this oxidising agent, 
and those with 50-76 p.c. of carbon with 16 
parts. Substances containing less than 26 p.c. 
of carbon are mixed with sugar or naphthalene, 
and treated with 16-18 parts of the peroxide. 
The mixture is placed in a steel crucible sur- 
rounded by water and having a perforated lid 
through which a glowing iron wire is thrust to 
cause ignition. The product is extracted with 
water, acidified with nitric acid, and the halogen 
estimated in the usual way (Ber. 1903, 30, 4244 ; 
1904, 37, 324 ; 1905, 38, 2469 ; Amer. Chem. J. 
1904, 31, 386; c/. Moir, Chem. Soc. Proc. 1907, 
23, 233; Baubigny, Bull. Soc. chim. 1908, (iv.) 
3, 630). 

Sulphur and phosphorus. 

Non-volatile svhstances. Pure caustic jpotash 
is fused in a silver dish with about one-sixth its 
weight of potassium nitrate and a little water. 
When cold the substance is weighed into the 
dish, which is again heated, the substance being 
mixed with the alkali by means of a silver 
spatula. When oxidation is complete, the mass 
is allowed to cool, and is then dissolved in water 
acidified with hydrochloric acid, and the sul- 
phuric or phosphoric acid estimated in the usual 
way. 

Carius\^ method is carried out exactly as in 
the estimation of the halogens. Sulphur is 
oxidised to sulphuric acid and phosphorus to 
phosphoric acid. It is advisable to remove the 
greater part of the nitric acid before precipita- 
ting barium sulphate or magnesium ammonium 
phosphate. 

Another method applicable to volatile and 
non-volatile substances is as follows : — Into a 
combustion tube 40 cm. long, sealed at one end, 
is introduced 2-3 grams of pure mercuric oxide, 
then a mixture of the substance with equal pro- 
portions of mercuric oxide and pure anhydrous 
sodium carbonate, and the remainder of the 
tube is filled with sodium carbonate mixed with 
a small quantity of mercuric oxide. The open 
end of the tube is closed by a cork carrying a 
glass tube dipping under %ater, in which the 
mercuiy is condensed. The tube is carefully 
heated so that the front layer of sodium car- 
bonate is red hot before the substance begins to 
volatilise. The substance is then rapidly heated, 
so that decomposition is complete in about 
fifteen minutes, and finally the mercuric oxide 
at the rear end of the tube is heated until 
oxygen issues from the end of the delivery- 
tube (Russell, Cncm. Soc. Trans. 1864, 7, 212 ; 
J. pr. Chem. 1866, 64, 230). The contents of 
the cooled tube are dissolved in vater, a small 
quantity of bromine water added to oxidise any 
^pUde, the solution acidified with hydrochloric 
aoia« hoUed to expel bromine, and the sidphurio 


acid or phosphoric acid estimated in the usual 
way. 

Many non-volatile substances may be oxi- 
dised by heating with pure concentrate caustic 
potash solution, diluting with twice the volume 
of water, and treating with a current of chlorine. 
After complete oxidation the solution is acidified, 
heated to expel chlorine, and the sulphuric or 
pho.sphorio acid determined. 

Arsenic. The estimation of this element in 
organic compounds has recently acquired in- 
creased importance owing to the application of 
these substances in therapeutics. One of the 
earliest methods, due to La CostJfe and Michaelis 
(Annalen, 1880, 201, 224), consisted in mixing 
the substance with soda-lime, and heating the 
mixture in a stream of air or oxygon. The 
residue was dissolved in nitric or hydrochloric 
acid, the arsenic precipit^ed as sulphide, a»d 
afterwards converted into magnesium pyro- 
arsenate. Monthoule recommends destroying 
the organic matter with nitric acid containing 
magnesium nitrate, when a final ignition leads 
to the formation of magnesium arsenate (Ann. 
Chim. anal. 1904, 9, 308). 

Pringsheim oxidises the organic arsenic 
derivative with sodium peroxide, and estimates 
the arsenic as- magnesium pyroarsenate (An er. 
Chem. J., 1904, 31, 386). 

The following procedure has been shown 
to be applicable to the organic arsenical 
drugs now on the market. The substance 
(0‘2-0‘3 gram) is mixed with 10-16 grama 
of sodium peroxide and sodium carbonate in 
equal proportions, the mixture heated gently 
in a nickel crucible for 15 minutes, and the 
temperature then raised to dull redness for 
6 minutes. 'I’he product is extracted with water, 
26-31 c.c. of sulphuric acid f 1 : 1) added, and 
the solution concentrated to 10(1 b.o., when 1 ^ara 
of potassium iodide is added and the hqtiid 
boiled down to 40 c.c. After destroying any 
trace of iodine with a few drops of sulphurous 
acid, the solution is diluted considerably with 
hot water, and the arsenic precipitated as sul- 
phide. The precipitate, ajter washing three times 
with hot water, is dissolved with 20 c.c. of 
A/2-sodium hydroxide, and the filtered solution 
treated with 30 c.c. of hydrogen peroiride (20 
vols.), the excess of this reagent being destroyed 
by heating on the water- bath. A few drops 
of phenolpbthalein are added followed suooes- 
sively by 11 c.c. of sulphuric acid (1:1) and one 
gram of potassium iodide ; the solution is 
evaporated down to 40 c.c. and the pale-yeUow 
colour removed by sulphurous acid. Cold water 
is then added, and the diluted solution neutralised 
with 2A-Bodium hydroxide, and just acidified 
with sulphuric acid. The arsenite solution is 
now titrated with standard iodine solution and 
starch in the presence of sodium hydrogen 
carbonate or soaium phosphate (Little, Cahen, 
and Morgan, Chem. Soc. Trans. 1909, 96, 1477). 

Antimony. When present in organic com- 
pounds, this element may be estimated by acidi- 
fying the product of the sodium peroxide fusion 
(v. Arsenic, supra), and precipitating as'sulphide, 
this precipitate being Collected, washetf, and 
weighed in th« manner indicated undftr ^avi- 
metric determinaiions. 

Oxygen. No satisfactory method has y^ 
been devised for iho direct determination of this 
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line and mercury are added while the solution 
is still cold, anu the former metal tdlowed to 
dissolve before the mixture is heated. Other 
reducing agents, such as sugar and sodium 
thiosulphate, may be used either alone or in 
conjunction with zinc. By the aid of this 
modified process satisfactory results are obtained 
in the analysis of organic nitro-,azo-,and hydrazo- 
derivatives. It has not been found possible to 
obtain correct estimations of nitrogen in sodium 
nitroprusside, phenylhydrazine and its deriva- 
tives, and in mixtures containing large propor- 
tions of chlolides and nitrates (cf. J. Amer. 
Chem. Soc. 17, 667 ; Analyst, 1906, 314; Ber. 
1906, 38, 669 ; Chem. Soc. Proc. 1901, 25, 351 ; 
1903, 27, 988). 

The literature of nitrogen determinations is 
erctremely voluminofis. Summaries of contribu- 
tions to this subject will be found in Zeitsch. 
anal. Chem. 1884, 23, 661 ; 24, 439 ; 25, 424 and 
671 ; 20, 249; and Chem. News, 1888, 67, 62, 
et seq. In addition to the references already 
given, papers relating to Kjeldohl’s prooi'ss may 
be found in Zcitsch. ana). C'hem. 24, 199, 388, 
and 393 ; 26, 149 and 166 ; 20, 92 ; 27, 222 and 
898. 

Chlorine, bromine, and iodine. 

By lime. A tube about 40 cm. long and 
7 mm. diameter, sealed at one end like a test- 
tube, is filled to a depth of 5 cm. with pure 
granulated quicklime. The substance is m cighed 
into the tube and mixed with finely powdered 
lime by means of a copper wire twisted at the end 
like a "corkscrew. The wire and tube are rinsed 
with lime, the tube is filled to within 6 cm. of 
the Ojien end with granulated lime. The tube 
is gradually heated to redne.ss from the front. 
When cold the erntents of the tube are dissolved 
in water sliglilly acidified with nitric acid, 
filtered, and the halogen precipitated by silver 
nitrate. 

Tn the case of iodine the substance is dissolved 
in water, filtered, mixini with silver nitrate, and 
finally acidified, in order to avoid liberation of 
iodine. A further precaution consists in adding 
a little sodium sulphite before each addition of 
nitric acid. 

When the substance contains nitrugoii, cyan- 
ides may be formed ; but this is avoided by 
using pure soda-lime in place of lime. If the 
lime contains sulphates, some sulphide is liable 
to "be produced. (On the preparation of pure 
lime, see Zeitsch. anal. Chem. 4, 61 and 16, 6.) 

Liquids are contained in small bulbs with 
capillary openings, which are dropped into 
the tube before filling up with lime. The tube 
must be very gradually heated, and should bo 
longer than usual. 

Carius's method (Annalen, 1860, 116, 1 ; 1866, 
136, 129; Ber. 1870, 3, 697). Tlie substance 
is oxidised by heating with nitric acid in sealed 
tubes in presence of silver nitrate. In many 
pases acid of sp.gr. 1*2 and a temperature of 
120®-200® will suflBco ; but substances which 
ajre more difficult to oxidise require acid of 
Bp.^. 1*42, mixed in special cases with some 
potiaainm diohromate, or the fuming acid of 
Bp.gr. may be used. If necessary the tubes 
may be heated as high as 300®. The quantity 
of lihid usetl should not be more than twice 
that theoretically required for complete oxida- 
iiou, and the tube must not contain more than 


4 grams of nitric acid for each 60o.o. of its volume. 
If the operation is prolonged, it is desirable to 
reduce the pressure m the tube by opening it 
from time to time by heating the capillary end 
of the previously cooled tube in a flame until 
it softens, when the gas forces its way out. 

The w'eighed substance is enclosed in a 
narrow tube of thin glass of such length that 
its mouth projects above the nitric acid in the 
tu])e, and the acid docs not come in contact 
with the substance until the tube is sealed. 
'J’ho tubes used should be about 16 mm. in 
diameter and 1*6-2 mm. thick in the glass. 
After introduction of the substance they are 
drawn out to a capillary tube with thick walls, 
which is then sealed. The sealed tubes are 
heated in a pressure tube furnace tilted at one 
end so that the capillary ends of the tubes do 
not come into contact with the liquid. After 
being heated, the tubes should on no account 
be removed from the protecting iron or steel 
tube until they have been opened. For this 
purpose the tubes are held in position by means 
of a cork collar through which the capillary 
ends project out of the furnace. I’he capillary 
end is first gently warmed to volatilise any con- 
densed acid, and then heated more strongly 
until the gases under pressure blow a hole 
through the softened tip of the scaled capillary. 
In thVs operation ihe picssuro of the imprisoned 
gases is very great, and it is extremely dangerous 
to attempt to open the tube with a file. The 
tube furnace should only be used for this pur- 
pose within a w'ell-protected enclosure (Fig. 28), 
so as to minimis(> iho jiersonal risks arising from 
explosions of the heated tubes. 



Fig. 28. 


The silver salt formed is rinsed out of the 
opened tube and treated in the usual way. 

For the estimation of iodine in organic com- 
pounds this method is to be jpreferred to the 
lime process, but as the silver nitrate and silver 
iodide frequently form a fused yellow mass, 
the mixture must be extracted thoroughly with 
hot water in order to remove the former salt. 
The silver halide obtained by the Carius method 
is collected in a tared Gooch crucible, washed 
successively with water and alcohol, dried at 
100®, and weighed, 

8tepanow*8 method. The substanoe is boiled 
with alcohol (20-40 o.o.) and sodium is added 
at such a rate tlmt a vigorous reaction is main- 
tained. A large'exoesB of the metal is essential 
Xa+2Na-fOaH,*OH«iXH+Naa+C,H,‘ONa, 
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dissolve very few other compounds. Three 
nades of light petroleum are now obtainable 
for use as solvents, boiling respectively at 40*-60®, 
60*-80*, and 80®-! 00®. 

Chloroform readily dissolves oils, fats, and 
similar substances, and is especially useful as a 
solvent for alkaloids. 

The chloro- derivatives of ethane and 
ethylene have been introduced as useful non- 
indammable solvents for oils, fats, or resins; 
these liquids give a wide range of boiling-points 
and solvent action (Koller, 7tli Congress Applied 
Chemistry, 1909). A large number of other 
solvents are applied in certain special cases, and 
among those more commonly employed may bo 
mentioned, acetone, ethyl acetate, amyl alcohol, 
pyridine, aniline, and nitrobenzene. 

The treatment of a solid with a volatile 
solvent must bo conducted in a special apparatus, 
especially if the liquid is to be heated. Various 
forms of apparatus have been devised for this 
purpose, but there is none more efficient than 
that of Soxhlet (Dingl. poly. J. 232,461). It 
consists of a short wide test tube (b), open at 
the top but closed at the bottom, to which is 
sealed a narrower tube (n) which can bo fitted 



Fig. 20. Fio. 30. 

into a small weighed flask by means of a cork. 
Communication between the two tubes is made by 
moans of (1) a narrow side tube (s) which opens 
into the bottom of the wider upper tube, forms 
a siphon, and descends through the lower tube 
nearly to the bottom of the flask ; and (2) a 
wider side tube (/) which enters the upper tube 
near the top and the lower tube near the junction 
(Fig. 29). A weighed quantity of the substance 
to be treated is placed ii^a cylinder of filter 
paper open at the top, and introduced into the 
upper tube, or the bottom of the tube is packed 
with purified cotton wool, and the substance is 
placed upon this. A quantity of the solvent 
rather more than sufficient to ffil the upper tube 
to the level of the bend in the siphon, is placed 
in the flask and heated to boiling by means 
of a water- bath. The upper tube is attached 
to a reflux cond. nser, care being taken that the 
condensed liquid falls directly into the cylinder 
oontainin| the substance. The vapour passes 
up the wrae side tube, is condensed, falls upon 
the substance, and filters through the paper or 
cotton w'ool. As soon as the liquid rises to the 


bend of the siphon, the latter draws off the olear 
solution into the flask, and the liquid is again 
volatilised whilst the dissolved matter remains 
in the flask. The process goes on automatically, 
and the substance can bo extracted many times 
with a small quantity of liquid. When extrac- 
tion is complete, the flask is connoted with an 
ordinary condenser, the liquid is distilled o£f, 
and the residue dried and weighed if necessary. 

A convenient apparatus for treatment with 
solvents in dishes has been described by A. W. 
Blylb (Chem. Soc. Trans. 1880, 37, 140). 

In many cases substances in solution can be 
removed and separated by agitapting the liquid 
with some uon-misciblo solvent. The alkaloids 
and many amines can be removed from aqueous 
solutions by means of other, whilst metallic salts 
are left ; fatty substances can bo removed from 
liquids by means of light petroleum, and so oy. 
Extractions of this kind are best made in a 
separator consisting of a somewhat wdde tube 
contracted at one end, which is fitted with a cork 
or stopper, whilst the other end is drawn out 
into a narrow tube provided either with a stop-, 
cock or an indiarubber tube and a pinch-oock 
(Fig. 30). The liquid and the solvent can be 
completely mixed by agitation, and after they 
have separated the lower layer can be drawn 
off. If it is required to remove the supernatant 
liquid in this or any similar case, a somewhat 
narrow tube is bent twice at right angles, and 
one limb is fitted by means of a cork into a dis- 
tilling or other flask, which is connected with 
an aspirator, whilst the other limb of the tube 
is placed in the liquid. When the aspirator is 
set in action, the liquid is drawn over into the 
flask, from which it can be distilled. With care 
a very accurate separation can be made, and 
the tube is readily rinsed by.drawing some of 
the fresh solvent through it. This method may 
bo rendered approximately quantitative by cali- 
brating the above cylindrical separator (Fig. 30). 

The microscope is of the greatest service in 
ascertaining whether a substance is a single 
compound or a mixture, and a microscopio 
examination of the various products obtained 
in the course of a pro«imate analysis affords 
valuable information as to the extent to which 
separation has been effected. 

Estimation of Radicals commonly occue- 
RiNQ IN Organic Compounds. . 

In this section it is only possible to indicate 
briefly a few of the most general methods by 
which certain typical radicals present in organic 
compounds can be estimated. 

Hydroxyl. A known weight of the hydroxylio 
compound is treated with excess of magnesium 
methyl iodide (Grignard’s reagent), and the 
amount of methane evolved is measured in a 
gas burette (Fig. 31). 
j ROH 4- CH 3-MgI = R-OMgH- CH^. 

j The organic magnesium compound is dis- 
I solved in dry amyl etner or phenetole, and if the 
hydroxylio compound is too insoluble in either of 
these solvents, it may be dissolved ind]ty.pyridine. 

(Hibbert and Sudborqpgh, Chem. Soc. Trans. 
1904, 85, 933 ; and Zerewitinoff, Ber. 1907, 40, 
2023.) 

This process has been extended to the 
estimation of snlphydryl- (SH), imino-. and 
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amino* groups, and for all active hydrogen 
atoms (cj. Bcr. 1908. 41. 2233 and 3025). 



Fia. 31. 

Methoxyl. 

The estimation of methoxyl, a radical 
present in many naturally occurring organic 
compounds, is generally accomplished ^y 
Zeisel’fl method, vmich consists in heating the 
substance with concentrated hy dr iodic amd or 
with a mixture of this acid and acetic anhydride. 
Methyl iodide is evolved and absorbed in alco- 
holic silver nitrate, with the result that silver 
iodide is precipitated, each molecular propor- 
tion of this substance being equivalent to one 



Fio. 32. 


methoxyl group. Zeisel’s original apparatus 
^MotjAtBh. 1886, 6, 989; 1886, 7, 406) has been 
tt^ified subsequently by several investigators 
(M. Bamberger, Monatsh. 1894, 15, 904 ; Perkin, 
Cbem Soo. Trans. 1903, 83, 1367; Hesse, Ber. 
1900, 89, 1142; Dooher, Ber. 1903, 36, 2896; 
Hewitt iOid Moore, Chem. Soc. Ttans. 1902, 81, 
318 )k Of , these modifications Perkin’s (Fig. 32) 
Is piobebly the simplest ; it consists of a distil- 
ling fiaek, A, with a very long, neck (20-26 cm.) 


heated in a glycerine bath at 130®- 140®, a current 
of carbon dioxide being passed through the mix- 
ture of substance ana concentrated hydriodio 
acid. The heating is continued for one hour, 
and the temperature finally raised, so that the 
hydriodio acid boils gently, but without dis- 
tilling into the side tube of the distilling flask. 
The methyl iodide is collected in two flasks, b, 
containing alcoholic silver nitrate. The precipi- 
tated silver iodide is treated with nitric acid, 
tlio alcohol evaporated, and the precipitate col- 
lected and weighed m the usual manner. 

Hewitt and Jones (Chem. Soc. Trans. 1919, 
115, 193) combine the methyl iodide with pyri- 
dine, thus obtaining the iodide v'. an ionisable 
form whereby it can be estimated volumetrically. 
The pyridine and its methiodide are diluted with 
water, acidified with nitric acid, a known amount 
of silver nitrate added, and the excess of the 
latter determined by thiocyanate according to 
Volhard’s method. 

Zoisel’s method atid its modifications are 
applicable lo the estimation of cthoxyl, but the 
results obtained are generally less accurate. 

; Methyl. 

A further modification of Zcisol’s method 
renders it available for the estimation of methyl 
groups attached to nitrogen. The substance is 
heated with concentrated hydriodio acid and 
dry ammonium ii^dide, and the methyl iodide 
evolved dealt with in the manner indicated 
above (Herzig and H. Meyer, Ber. J894, 37, 
319; Monatsh. 1894, 16, C1.3 ; 1895, 16, 699; 
1897, 18, 379 ; Kirpal, Ber. 1908, 41, 820). 
Acetyl. 

It is only possible in comparatively few cases 
to determine with certainty by ultimate analysis 
the number of acetyl groups existing in organic 
compounds. For example, the mono-, di-, and 
tri- acetyl derivatives of the trihydroxy benzenes 
have approximately the same percentage com- 
'■ position. Those and other similar acetyl deri- 
' vates aro hydrolysablo by standard caustic 
I alkalis employed in alcoholio solutions, even 
when they are not readily attacked in aqueous 
, solutions (Benedikt and Ulzer, Monatsh. 1887, 
8, 41 ; Van Rom burgh, Rec. trav. ohim. 1882, 

' 1, 48 ; R. Mever and Hartmann, Ber. 1906, 38, 
3956). Acid hydrolysis may be employed in a 
large number of cases and the volatile acetic 
acid distilled into standard alkali, the excess 
of which is determined by alkalimetry. Accord- 
ing to Wenzel’s process, the acetyl derivative 
is first hydrolysed by moderately strong sul- 
phuric aoid (1 : 2HjO), and the mixture treated 
with monosodium phosphate and boiled down 
to dryness ; the sulpWio acid is fixed as 
sodium sulphate, amS the acetic acid is distilled 
into a known excess of standard alkali, the 
distillation being carried out under reduced 
pressure (Monatsh. 1893, 14, 478 ; 1897, 18, 659)^ 
The destructive action of strong sulphuri/ 
acid on organic compounds may be avoided by 
the use of the aromatic sulphonic acids as hydro- 
lytic agents. The acetyl compound is distilled 
in steam in a 10 p.o. solution of bonxenesul* 
phonic acid or one of the naphthaleneaulphonio 
acids; the distillate, which contains fdl the 
acetic aoid furnished by the hydrolysis, is titrated 
with standard barium hydroxide (Sudborough 
and Thomas, Chem. Soo. Trans. 1905, ft, 
1762). 
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A. (t. Perkin hydrolyBes the acetyl compound 
with alcoholic sulphuric acid, adding fresh alcohol 
from time to time. The ethyl acetate obtainerl 
in the distillate is then hydrolysed with a known 
amount of standard caustic alkali, and the 
excess of the latter ascertained with standard 
acid (Chem. Soc. Trans. 1904, 86, 1462; 1905|, 
87. 107; 1907, 91, 1230) 

Carboxyl. 

In many cases the number of carboxyl 
(COjH) groups in an organic compound can be 
determined by the nnalvsis of its neutral salts. 
For this purpose the sdver salts are generally 
selected, as they are usually anhydrous, ami 
indicate the normal basicity of the organic acid. 
The aromatic hydroxy-carboxylic acids {e.g. 1 : 5- 
dinitro-j5-hydroxybonzoic acid) take up two 
atoms of silver, one replacing the carboxylic, 
and the other the phenolic hydrogen. Some 
silver salts of organic acids are sensitive to 
light, and others are very explosive. The more 
stable ones can be analysed by direct ignition 
and weighing the residual silver. In other cases 
the organic matter must be destroyed with 
nitric acid, and the silver estimated as chloride 
in the acid liquid. 

Other metallic salts arc frequently employed 
in determining the basicity of carboxylic acids, 
and it is advisable before arriving at a final 
conclusion to estimate the Hictals in a s^ics of 
these compounds. 

If the molecular weight of a carboxylic acid 
is known, the basicity can often be determined 
by titration with aqueous or alcoholic sodium, 
potassium, or barium hydroxide; the indicators 
generally employed are phenolphthalcin, methyl 
ora^e, and laemoid. 

The following indirect method has been 
recommended (P. C. Mcllhiney, Amer. Chem. J. 
1894, 16, 408) for the estimation of carboxyl 
groups. The substance (1 gram) is dissolved 
m excess of alcoholic potash, the alcohol being 
at least 93 p.c. The solution is saturated with 
carbon dioxide until the excess of alkali is 
precipitated as carbonate or bicarbonate. The 
precipitate is collected and washed with alcohol, 
the filtrate is distilled to remove the solvent, 
and the residue containing the potassium salt 
of the organic acid is distilled with 10 p.c. 
aqueous ammonium chloride, the ammonia 
evolved being estimated in the usual way. 
Each molecu&r proportion of ammonia corre- 
sponds with one carboxyl group. This method 
is applicable to the weaker fatty acids. 


Carboxyl can be estimated by a method 
based on the following reaction ; — 

6R-CO,H-f 6KI-f KI0,=6RC0,K4 Slg-f 3H,0 
The weighed substance is digested for 12 hours 
with an aqueous solution of pure potassium 
iodide and iodate in a stopperet]^ vessel. The 
mixture containing the liberated iodine is 
rinsed unto the generating vessel of a gas 
volumeter and treated with alkaline hydrogen 
peroxide, when the oxygon evolved 

Ij+2K0H-fH202=2KI+2H20+0, 
is a measure of the carboxyl groups originally 
present (GCOdl El'iOj) (Baumann-Kux, Zeitsoh. 
anal. Chem. iH93, 32, 129 ; Annalen, 1904, 335, 
4; cf. Grogor, Zeitsch. angew. Chem. 1890, 3, 
353, 386). It should be noticed that acidic 
substances not containing^carboxyl groups {e,g. 
picric acid) liberate iodine from the lodide- 
lodate mixture. 

Carbonyl. 

Tho carbonyl group, whether present ir» 
aldehydes R-CO'H or ketones R*CO'R', can be 
detected by means of the following colour- 
reaction. An ariueous or alcoholic solution 
of the substance is treated with a 0*6 to 1 p.c. 
solution of the hydrochloride of an aromatic 
meta-diamine' (mota-phenylenediamine or its 
homologucs), when in a few minutes an intense 
green fluorescence is developed, which attains 
its maximum intensity after two hours. All 
aldehydes give this reaction, but the mixed 
ketones and kotonic acids do not (Windisoh, 
Zeitsch. anal. Chem. 1888, 27, 614). 

Practically all aldehydes restore the colour 
to tho following solution (Schiff’s reagent). A 
litre of O’ 10 p.c. magenta solution is decolourised 
by adding 20 c.c. of sodium bisulphite solution 
(30®Be'.) followed after one hour dv 10 c.c. of 
concentrated hydrochloric acief. (For the ex- 
ceptions, cf. Bitt6, Zeitsch. anal. Chem. 1897, 
36, 376.) The reaction has also been utilised 
quantitatively (McKay Chase, J. Amer. Chem. 
Soc. 1900, 28, 1472; Schimmel & Co., Ber. 
1907, 123). 

Phenylhydrazine condenses with aldehydes 
and ketones, yielding phonylhydrazones. When 
the mixture is treated with Fehling’s solution 
(70 grams CuSO^jbHjO, 360 grams Rochelle 
salt, and 260 grams KOH,in 2 litres), the excess 
of phenylhydrazine is decomposed, evolving 
nitrogen • 

C*H,’NH’NH*+0=CflH,-fH,0+N4, 



296 


ANALYSIS. 


amino* groups, and for all active hydrogen 
atoms (cj. Bcr. 1908. 41. 2233 and 3025). 



Fia. 31. 

Methoxyl. 

The estimation of methoxyl, a radical 
present in many naturally occurring organic 
compounds, is generally accomplished ^y 
Zeisel’fl method, vmich consists in heating the 
substance with concentrated hy dr iodic amd or 
with a mixture of this acid and acetic anhydride. 
Methyl iodide is evolved and absorbed in alco- 
holic silver nitrate, with the result that silver 
iodide is precipitated, each molecular propor- 
tion of this substance being equivalent to one 



Fio. 32. 


methoxyl group. Zeisel’s original apparatus 
^MotjAtBh. 1886, 6, 989; 1886, 7, 406) has been 
tt^ified subsequently by several investigators 
(M. Bamberger, Monatsh. 1894, 15, 904 ; Perkin, 
Cbem Soo. Trans. 1903, 83, 1367; Hesse, Ber. 
1900, 89, 1142; Dooher, Ber. 1903, 36, 2896; 
Hewitt iOid Moore, Chem. Soc. Ttans. 1902, 81, 
318 )k Of , these modifications Perkin’s (Fig. 32) 
Is piobebly the simplest ; it consists of a distil- 
ling fiaek, A, with a very long, neck (20-26 cm.) 


heated in a glycerine bath at 130®- 140®, a current 
of carbon dioxide being passed through the mix- 
ture of substance ana concentrated hydriodio 
acid. The heating is continued for one hour, 
and the temperature finally raised, so that the 
hydriodio acid boils gently, but without dis- 
tilling into the side tube of the distilling flask. 
The methyl iodide is collected in two flasks, b, 
containing alcoholic silver nitrate. The precipi- 
tated silver iodide is treated with nitric acid, 
tlio alcohol evaporated, and the precipitate col- 
lected and weighed m the usual manner. 

Hewitt and Jones (Chem. Soc. Trans. 1919, 
115, 193) combine the methyl iodide with pyri- 
dine, thus obtaining the iodide v'. an ionisable 
form whereby it can be estimated volumetrically. 
The pyridine and its methiodide are diluted with 
water, acidified with nitric acid, a known amount 
of silver nitrate added, and the excess of the 
latter determined by thiocyanate according to 
Volhard’s method. 

Zoisel’s method atid its modifications are 
applicable lo the estimation of cthoxyl, but the 
results obtained are generally less accurate. 

; Methyl. 

A further modification of Zcisol’s method 
renders it available for the estimation of methyl 
groups attached to nitrogen. The substance is 
heated with concentrated hydriodio acid and 
dry ammonium ii^dide, and the methyl iodide 
evolved dealt with in the manner indicated 
above (Herzig and H. Meyer, Ber. J894, 37, 
319; Monatsh. 1894, 16, C1.3 ; 1895, 16, 699; 
1897, 18, 379 ; Kirpal, Ber. 1908, 41, 820). 
Acetyl. 

It is only possible in comparatively few cases 
to determine with certainty by ultimate analysis 
the number of acetyl groups existing in organic 
compounds. For example, the mono-, di-, and 
tri- acetyl derivatives of the trihydroxy benzenes 
have approximately the same percentage com- 
'■ position. Those and other similar acetyl deri- 
' vates aro hydrolysablo by standard caustic 
I alkalis employed in alcoholio solutions, even 
when they are not readily attacked in aqueous 
, solutions (Benedikt and Ulzer, Monatsh. 1887, 
8, 41 ; Van Rom burgh, Rec. trav. ohim. 1882, 

' 1, 48 ; R. Mever and Hartmann, Ber. 1906, 38, 
3956). Acid hydrolysis may be employed in a 
large number of cases and the volatile acetic 
acid distilled into standard alkali, the excess 
of which is determined by alkalimetry. Accord- 
ing to Wenzel’s process, the acetyl derivative 
is first hydrolysed by moderately strong sul- 
phuric aoid (1 : 2HjO), and the mixture treated 
with monosodium phosphate and boiled down 
to dryness ; the sulpWio acid is fixed as 
sodium sulphate, amS the acetic acid is distilled 
into a known excess of standard alkali, the 
distillation being carried out under reduced 
pressure (Monatsh. 1893, 14, 478 ; 1897, 18, 659)^ 
The destructive action of strong sulphuri/ 
acid on organic compounds may be avoided by 
the use of the aromatic sulphonic acids as hydro- 
lytic agents. The acetyl compound is distilled 
in steam in a 10 p.o. solution of bonxenesul* 
phonic acid or one of the naphthaleneaulphonio 
acids; the distillate, which contains fdl the 
acetic aoid furnished by the hydrolysis, is titrated 
with standard barium hydroxide (Sudborough 
and Thomas, Chem. Soo. Trans. 1905, ft, 
1762). 
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applied to any great extent for teohnical pur- 
poses. The vdue of such determinations is now 
generally recognised on account of the informa 
tion which they give respecting the eflEioiency of 
combustion, the progress of operations in which 
gases are consumed or produced, and the like. 

With few exceptioiia the volumetric and not | 
the gravimetric composition of the gag is 
required, and the measurements are essentially 
measurements of volumes. The gas to be ex- j 
amined is confined over mercury or water in a 
suitable measuring apparatus, and its composi- 
tion is determined (1) by treatment with ap- 
propriate absorbing reagents and measurement of 
the contraction produced ; (2) by exploding with 
oxygen or hydrogen and measuring the contrac- 
tion ; (3) by exploding with oxygon or hydrogen, 
measuring the contraction, and then treating 
with absorbing reagents, and measuring the 
second contraction. Sulphur dioxide and some 
other gases soluble in water are estimated by 
titration, a definite volume of the gas being 
drawn through a measured quantity of a standard 
solution, the excess of which is afterwards de- 
termined. 

The highly refined and accurate methods of 
gas analysis employed for purposes of research 
are of little value for technical purposes on 
account of the length of time required for their 
execution. Information respqpting these nj^thods 
may be found in Bunsen’s (lasometrisclio 
Methoden, 2nd ed. 1887 ; Sutton’s Volumetric 
Analysis, 9tb ed. 1 904 ; Dittmar’s Exercises in 
Quantitative Analysis, 1887; Hcmpel’s Gas- 
analytische Methoden, 3rd od. 1900 ; Travers’ 
Experimehtal Study of Gases, 1901 ; v. also 
Thomas (Chem. Soc. Trans. 1879, 35, 213), and 
Meyer and Seubert (Chem. Soc. Trans. 1H84, 
45, 681). In this article only those methods 
will be described which are available for technical 
purposes. 

Meaaurcmcnis . — The volume which a given 
mass of gas occupies depends on the tempera- ! 
ture, the x>resBuye, and the proportion of mois- ' 
ture which it contains. The temperature is as- 
certained by means of a thermometer attached 
to or suspended near to the measuring vessel. 
Measurements are usually made under atmo- 


splierio pressure, and this is determined by means 
ox a barometer placed in the room in wnioh the 
analysis is made. Tiie siphon barometer is a 
oonvonient form of instrument for the purposei 
and should stand on the table close to the gas 
apparatus. In case the level of the mercury or 
water in the measuring tube is higher than that 
in the trough or the attached tube, the true pres- 
sure upon the gas is given by the height of the 
barometer minus tho difference between the 
mercury level inside and outside the tube. If 
water is used, the height of the water column 
divided by 13*6 gives the height of the corre- 
Exiondiug column of mercury with sufficient ac- 
curacy. It is better to eliminate this correction 
by adjusting the liquid so that it is at the same 
level both inside and outside the tube, which is 
easily done. 

4’ho gas must bo eitfier perfectly dry or 
saturated with moisture. If an indefinite 
quantity of water vapour is present, accurate 
measurements are impossible. It is more con- 
venient to measure the gas when moist, and 
'hence if the gas is confined over mercury a few 
drops of water are introduced when the tube is 
filled with the mercury and this water is taken 
up by the gas. Under these conditions the sur- 
rounding pressure is balanced partly by the gas 
and partly by the aqueous vapour which it con- 
tains, and in order to ascertain the pressure 
whicli tho gas itself is under, tho tension of 
aqui'ous vajiour at tho particular temperature 
must bo subtracted from tho height of the 
barometer. The formula for reducing tho 
volume ol gas to the standard temperature and 
liressure (0* and 780 mm.) js : 

V =V-»-278x-(B-/) V = 

® (273 + 0X 760 0 ^ (r+0 00366«><760) 

in which V is tho actual reading * ; t, the tempera- 
ture ; /, tho tension of aqueous vapour at the 
temporaturo, / ; and B, the height of the baro- 
meter. The reduction of the height of the 
; barometer to 0® is necessary for accurate oalcula- 
I tion, but may usually be omitted. The following 
table, abbreviated from Bunsen’s Gasoraetrisohe 
Methoden, gives the value of 1-f 0-00366< for the 
ordinary range of temperature : — 



Number 

Log 


Number 

Log 


Number 

Log 

0* 

1-00000 

0-00000 

11* 

1-04026 

0-01714 

21*" 

1-07686 

0-03216 

1 

1-00366 

0-00159 

12 

1-04392 

0-01867 

22 

1-08062 

0-03363 

2 

1-00732 

0-00317 

13 

l-047r»s 

0-02019 

23 

1-08418 

0-03610 

3 

1-01098 

0-00474 

14 

1-05124 

0-02170 

24 

1-08784 

0-03656 

4 

1-0J464 

000(331 

16 

1-05490 

0-02321 

25 

1-09160 

0-03802 

6 

1-01830 

0-007^8 

16 

1-05866 

0 02471 

26 

1-09616 

0-03948 

6 

1-02196 

0-00943 

17 

1-00222 

0-02621 

27 

1-09882 

0-04093 

7 

102562 

0-01099 

18 

1 -(46588 

0-02771 

28 

1-10248 

0-04237 

8 

1-02928 

0-01253 

19 

1-0G954 

0-02921 

29 

1-10614 

0-04381 

9 

10 

1-03294 

1-03060 

0-01407 

0-01561 

20 

1-07320 

0-03068 

30 , 

1-10980 

0-04624 


When the est .mations are made rapidly, and 
only approximate results are required, the cor- 
rections for temperature and pressure are 
‘Emitted, since it may be assumed that they 
remain constant during the analysis. 

The following plan, described by Winkler, ] 


renders tho use of the barom(ter and thermo-, 
meter unnecessary, and «iakes the calculation 
much simpler. Jt is an adaptation of^Wdliam- 
son and Russell’s method of always measuring 
the volume of . the gas at the same degree of 
I elasticity. A tu^e about 1 metre long, closed 
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at one end and graduated to 120° o.c. in tenths 
ia moistened intcrnaliy with a few drops of water, 
and mercury is poured in in such quantity that 
when the tube js inverted the mercury stands 
somewhat higher than 100. The volume which 
100 c.c. of air measured at standard temperature 
and pressure^hould occupy under the conditions 
described, is calculated from the expression ; 
y^(7«O-4-6)l0OX(278+^ (760-4-5)100Xl+000866i) 

273(B-/) or~ B-/ 

and air is carefully introduced into the tube until, 
when the mercury, is at the same level inside 
and outside tifb tube, it stands exactly at the 
oaloulated volume. The tube now contains a 
quantity of gas saturated with moisture, which, 
under standard conditions, would occupy 100 c.c., 
but its actual volume varies in the same ratio as 
the volume of gas to bo measured. The two 
tubes are allowed to stand side by side, and 
.when the levels have been properly adjusted in 
each case the volume of the gas to bo measured 
and the volume of the air in the comparison tube 
are read off. The volume (under standard 
conditions) of the gas under examination i.s 
obtained by the proportion 

V:Vo::V/:Vo'. 

in which V is the actual volume of air in the 
comparison-tube ; Vp, its volume under standard 
conditions, which is always 100 ; V/, the 

observed volume of the gas to bo measured ; 
and V®', its volume under standard conditions. 

During the operations the temperature 
should be kept as constant as possible, and the 
readings should be taken rapidly, otherwise the 
proximity of the body uill cause variations in 
the temperature of the gas. It is an advantage 
to have the measuring tube surrounded by a 
wider tube whigh* is filled with water. The most 
accurate method is to take the readings through 
a carefully levelled telescope (a cathetometer) at 
a distance of about five or six feet. This also 
avoids parallax. The measuring tube must be 
kept vertical, and when water is the confining 
liquid, suffioient time must be given for the 
liquid to run down the sides of the tube. Not 
unfrequently this requires several minutes. 

Reagents. 

All liquid reagents should be saturated with 
thejgases which they do not absorb chemically. 
It IS desirable that the tensions of these gases 
in the liquids should be approximately equal to 
their tensions in the gases which are to be 
analysed, in order to avoid exchanges between 
the gas and the absorbing liquid. This is best 
secimed by going through the process two or 
three timfes without making measurements, 
whenever the pipettes have been freshly filled. 
Liquids used for the analysis of, say, flue gases, 
should not be used for gases of a different cha- 
racter, t.c. W'hich contain the constituents in 
very different proportions. 

Brwni'M water is used for absorbing olofincs. 
It should be well saturated with bromine and 
kept in the dark. 

Cuprms chloride is made by dissolving 50 
of cuprio oxide* in hydrochloric acid, add- 

^ fra ms of copper, and boiling for some 
tim^ with as little ex^sure to air as possible. 
The solution is then ^uted to 1000 c.o. with 
hydrochloric acid of sp.gr. 1'12, and allowed to 


remain In contact with metallic copper in a closed 
vessel until the solution becomes colourless. 
This solution attacks mercury rapidly. 

Cwproso-ammonium chloride, obtained by 
dissolving cuprous chloride in ammonia, does 
not attack mercury. 

The stock solution is made by dissolving 
200 grams of cuprous chloride and 250 grams of 
ammonium chloride in 750 c.c. of w'ater ; it is 
kept in stoppered bottles, and, when required, 
mixed with one-third its volume of ammonia 
solution (sp.gr. 0*91). 

Hydrogen is obtained by the action of dilute 
sulphuric acid on pure zinc. The granulated 
zinc may be placed in a small boitlc fatted with 
a capillary delivery tube, which can be closed by 
a tap or pinch-cock. The bottle has a tubulua at 
the bottom, and is connected by a caoutchouc 
tube with a similar bottle containing dilute sul- 
phuric acid. The latter bottle is raised so that 
the acid runs on the zinc, and the action ia 
allowed to proceed until the air is completely 
expelled from the first bottle. I'he tap is then 
closed, and the acid is driven back into the second 
bottle by the pressure of the hydrogen. It is 
advisable to keep the second bottle at a slightly 
higher level than the first, to avoid any chance 
of air leaking in. One of Hempel’s tubulated 
absorption bulbs answers admirably (Fig. 41). 
The %nc is attach%d to a cork, w*hich is inserted 
in the tubulus of the first bulb, and the acid is 
introduced. When all air is expelled, the capil- 
lary tube is closed, and the acid is driven up into 
the second bulb, so that the pipette is always 
charged with hydrogen under pressure. 

Oxygen is obtained in a pure state by heating 
potassium chloride without manganese dioxide. 
The powdered chlorate is contained in a glass 
bulb, the neck of which is drawn out to form a 
narrow delivery tube. 

Phosphorus is employed in the form of narrow 
sticks, which arc made by melting it under warm 
water and drawing it up into narrow glass tubes. 
The upper ends of the tubes are closed by the 
finger, and they are plunged into cold water, 
when the phosphorus solidifies. It may also 
be used in a granular form, obtained by shaking 
the phosphorus vigorously with warm water in s 
well-closed flask until it solidifies. 

Causiic potash [or soda) for Orsat’s apparatus 
is dissolved in three parts of water, and the solu- 
tion kept in weU-stoppered bottles. Horapel 
uses a solution of caustic potash in two parts of 
water, which will absorb forty times its volume 
of carbon dioxide. It may, however, be used 
somewhat more dilute, and is then less liable to 
attack the glass. 

Pyiogalhl is keJM; in the solid state, and only 
dissolved immediately before being used. Orsat 
rqpommends a solution of 25 grams of pyrogallol 
ia a email quantity of hot water, mixed with 
150 c.c. of a solution of 1 part of caustic soda in 
3 parts of water. Hempel uses a mixture ot 
25 c.c. of a 20 p.c. solution of pyrogallol with 
76 c.c. of 33*3 p.c. caustic potash solution. 
This quantity will absorb 200 o.c. of oxygen. 

Shipley (J. Amer. Chem. Soc. 1916, 38, 1687) 
found the most effective solution was prepared 
by adding 40 c.o. of water to 100 grams pyrogallol 
and adding 100 c.o. of 49 p.c. sodium hydroxide 
solution. No carbon monoxide is evolved from 
a solution of this strength.' 
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Anderson (J. Ind. and Eng. Chern. 1915, 7, 
687) recommends a solution of 16 ^rams pyro- 
gallol in 100 o.o. potassium hydroude solution 
of 8p,gr. 1*65. 

a-Mphuric acid of sp.gr. 1’84 is used as a 
drying agent and for the absorption of nitrogen 
oxides. Acid of the same strength mixed with 
BO much sulphuric anhydride that it remains 
liquid at the ordinary temperature but solidifies 
if cooled, is used for absorbing ethylene and 
other hydrocarbons. 

Water, wliich is very largely used for con- 
fining the cases, should be well saturated with 
air, out should not contain carbon dioxide. 
Distilled water is preferable, but any potable 
water of good quality may be used. 

Standard solutionfi used in the ostimaCtion of 
gases by titration are known as nor7nal gas 
solutions w'hen they are of such strength that 
1 0 . 0 . of the solution is equivalent to i c.c. of 
the gas under standard conditions. A normal 
gas solution of iodine for the estimation of 
sulphur dioxide would contain 11*333 grams of 
iodme per litre, and the thiosulphate solution 
used in conjunction with it would be of equiva- 
lent strength. 

In many cases it is the weight of the absorbed 
constituent per cubic metre or cubic foot of gas 
that is required, and the ordinary standard 
solutions may be used. • ^ 

Methods of estimation. 

Ammonia, by titration. 

Benzene, by absorption in fuming nitric acid 
boiling at 86®, the nitroMn oxides bein^ then 
removed by caustic potash. Fuming nitric acid 
also absorbs carbon dioxide and carbon mon- 
oxide. Like the olefines, benzene is absorbed 
by fuming sulphuric acid and by bromine water, 
and in fact no absorption method is at present 
known by means of which benzene and the 
olefines can bo separated (Ber. 1888, 21, 3131). 

Carbon dioxide, by absorption in potassium 
or sodium hydroxide. 

Carbon monoxide, by absorption in a satur- 
ated solution of cuprous chloride in hydrochloric 
acid or ammonia. It seems (Ber. 1887, 20, 
2764) that these solutions are liable to give ofi 
part of the dissolved carbon monoxide, especially 
after they have been used repeatedly. The 
error is less with the ammoniacal solution, and is 
reduced if the solution remains in contact with 
the gas for some time. The cuprous chloride 
solution should always be tolerably fresh, and' 
should be saturated with hydropn, nitrogen, 
and the other gases which usually occur with 
carbonic oxide (Ber. 188^ 21, 898). If the 
amount of carbon monoxide is small, it should 
be converted by combustion {v. Hydrogen) into 
carbon dioxide, which is afterwards absonbed 
by caustic potasL If the amount of carbon 
monoxide is large, the greater part may be ab- 
sorbed by cuprous chloride, and the remainder 
removed by combustion and absorption. 

The estimation of small quantities of carbon 
monoxide irr air or other comparatively inert 
gases can be efiected by passing the dried gas 
over solid iodine pentoxide. At temperatures 
varying from 40®-160® the following reaction 
occurs; liOj+fiCO—SCOj-f I,. Either of the 
volatile products can be estimated : the iodine 
volumetrioally by standard thiosulphate, or 


graviinetrioally by absorption in a weighed tube 
containing copper powder ; tlhe carbon dioxide 
may be absorbed in standard barium hydroxide, 
and the excess of the latter titrated with oxalic 
acid. If carbon dioxide is present in the gas 
under examination, it is first removed by 
otassium or barium hydroxide. Below 60® no 
ydrocarbon except acetylene reduces iodic 
anhydride. At higher temperatures several 
unsaturated hythooarbons have an appreciable 
action. Ethylene hinders the oxidation of 
carbon monoxide by the iodine pentoxide. The 
process is applicable to air containing one part 
of carbon monoxide in 30,000, and is used for 
ehtiiUHling the monoxide occluded in steel 
(CilauticT, Compt. rend. 1898, 126, 871, 1299; 
.lean, ibid. 1902, 135, 746 ; J. Amer. Chem. Soo. 
1900, 22, 14 ; 1907, 29, 1580 ; Ann. Chim. anal. 
1910, 15, 1). • 

Hydrogen is converted into water by combus- 
tion with air or oxygen, and the volume of the 
hydrogen is represented by two-thirds of the con- 
traction consequent upon combustion. If the 
gas is confined over mercury, an excess of pure 
oxygen is introduced, the volume read off, and 
the pressure on the gas reduced considerably 
below atmospheric pressure by lowering the 
mercury m the hwel tube. The lower end of the 
explosion tube is closed, and combination is 
iiiitiatisd by passing a spark from a coil between 
the platinum wires which are fused into the tube. 
The pressure is restored to the normal, and when 
the gas has cooled the volume is again road off. 

When the gas is confined over water it is 
almost impossiole to obtain satisfactory com- 
bustion, and it is much more convenient to pass 
the combustible mixture over gently heated 
spongy palladium. This is prepared by dis- 
solving about two grams of palladium chloride 
in a small quantity of water, adding a si^all 
quantity of a saturated solution of sodium 
formate and sodium carbonate until the re- 
action is alkaline. About 1 gram of Ions 
and very soft asbestos fibres is introduced, ana 
the pasty mass is ilried at a gentle heat. In this 
way the asbestos is obtained covered with very 
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finely divided {jalladium. After beiLg completely 
dried at 1(X)", itt is carefully washed with water 
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to remove soluble ^Its and again dried. Some I 
of the fibres are moistened and twisted into a I 
thread about 1 cm. long, which is then intro- 
duced into the middle of a stout capillary tube, B, 
about 16 cm. long and 1 mm. internal diameter, 
and this tub^is bent at a right angle at each end. 
or in any other way convenient for its attach- 
ment to the measuring apparatus containing the 
gas. One end of the capillary is in communica’- 
tion with the graduated tube, a, and the otlicr 
with a bulb pipette, c, filled completely with 
water, into which the gas is passed. A small gas 
or spirit-lamp flame is arrnngod to heat that part 
of the capillary which contains the asbestos. 
When the other gases have been estimated, the 
mixture of hydrogen and nitrogen which remain 
is mixed with air by lowering the level- vessel 
until the pressure is sufficiently reduced, and 
tnen putting the measuring tube in com- 
munication with the air. The stop-cook is then 
closed, the asbestos very gently heated, and the 
as passed slowly through the capillary into the 
ulb and back again three or four times. When 
combustion is complete, the volume of the 
residual gas is measured. 

This method may be employed in estimating 
hydrogen in the presence of methane, since the 
latter is not burnt under these conditions, pro- 
viding that the temperature does not exceed 
600* (J. Soo. Chom. Ind. 1903, 22, 926 ; 1906, 
24, 1202 ; Zeitsoh. angew. Chem. 1903, 16, 695) 

The palladinised asbestos can be used in 
promoting the combustion of carbon monoxide. 

Brehsohmidt (Ber. 1888, 21, 3246) prefers a 
platinum tube 20 cm. long and 2 mm. thick, with 
a bore 0*7 mm. diameter. The bore is almost 
closed by the insertion of a palladium wire ex- 
tending through Jhe whole length of the tube. 

tune is attasshed to a burette and an absorp- 
tion pipette in the same manner as the glass 
tube ; 6 to 6 cm. are heated to redness by means 
of a gas flame, and the gas is passed backwards 
and forwards until there is no further alteration 
of volume. No explosions occur even with 
mixtures of hydrogen and oxygen containing 
only a slight excess of the latter. 

Hempel has applied the well-kno^vn absorp- 
tion of hydrogen by palladium to the estimation 
of this gas. Pure palladium is indifferent 
towards hydrogen in the presence of methane 
and nitrogen, but when it contains a little pall a - 
dious oxide combustion of some of the hydrogen 
occurs, and the heat generated ensures the 
absorption of the remainder. Palladium sponge 
is heated and allowed to cool slowly so that it 
becomes superficially oxidised. A U-tube of 
4 mm. internal diameter and 20 cm. total length 
is charged with 4 grams of this oxidised sponge 
and maintained at 90®-100* by immersion in a 
beaker of hot water; this tube is interiK)sed 
between the gas burette and a pipette filled with 
water. The absorption is effected by siphoning 
the gas backwards and forwards through the 
palladium sponge. 

Hydrogen chloride, by titration. 

Hydrogen sulphide, by titration. 

Hydrocarbons other than olefines are esti- 
mated b|f combustion, preferabjy with oxygen 
over mercury under reduced pressure. Acety- 
lene and benzene may be burnt over palladium, 
but require a somewhat high temperature. 
Methane cannot be burnt in inis way even in 


presence of hydrogen. The combustion of this 
gas is effected by mixing it with a considerable 
quantity of air and aspirati^ the mixture 
through a short tube containing cupric oxide 
heated to .redness in a small combustion furnace, 
the carbon dioxide which is produced being 
absorbed in standard baryta solution, which 
is afterwards titrated with standard oxalic acid. 

Brehechmidt finds (Ber. 1888, 21, 3249) that 
a mixture of methane and oxygen can readily be 
burnt in a platinum tube, as above, if the latter 
is heated to bright redness. The contraction 
is observed, and the carbon dioxide formed is 
removed and the volume again measured. 

Nitric oxidt is converted into peroxide by 
admixture with oxygon, and the peroxide is 
absorbed by caustic potash, the excess of oxygen 
being afterwards absorbed by alkaline pyrogaUate. 
Nitric oxide may also bo absorbed by a con- 
centrated solution of ferrous sulphate, but 
this method does not give such satisfactory 
results. 

Nitrogen peroxide and nitrous anhydride, by 

titration ; by absorption with sulphurio acid of 
sp.gr. 1*84; or, in absence of carbon dioxide 
and other absorbable gases, by absorption with 
caustic potash. 

Olefines, by absorption with fuming sulphurio 
acid, acid vapours being removed oy caustic 
potasff'; or by absorption in bromine water, 
bromine vapours being afterwards removed by 
caustic potash. 

Oxygen, by absorption with alkaline pyro 
gallate. If the oxygen is present in greater uro 
portion than 20 p.c. a smaU quantity of oaroon 
I monoxide is evolved from the pyrogallol during 
absorption, and hence the results are slightly too 
low. After treatment with pyrogallol the gas 
may be passed into the cuprous chloride bulbs 
'in order to remove any carbon monoxide that 
may have been formed. Usually, however, this 
error has no material influence on the results. 
Oxygen may also bo absorbed by phosphorus, 
and this has the advantage that the presence of 
carbon dioxide is without influence on the result. 
The temperature, however, must not be below 
18°, and tho absorption is prevented by the 
prosonco of ammonia, olefines, and other hydro- 
carbons, alcohol, &c. 

Sodium hydrosulphite has been recommended 
as an absorbent for oxygen, the reaction 

NajSj04-fH80-f0=2NaHS0, 

Haking place readily at low or high temperatures. 
Tho solution contains 60 CTams of the salt and 
40 O.O. of sodium hydroxide (5 : 7) in 250 o.o. of 
water, and is used ii^a pipette filled with rolls of 
iron-wire gauze (Ber. 1906, 39, 2069). 

Oxygen may also be estimated by combustion 
with hydrogen, either explosively b/'the spark 
or over palladium-asbestos. The .hydrogen 
should bo evolved from commercial ‘ pure * zmo 
and pure dilute sulphuric acid, or in special oases 
from magnesium and sulphuric acid. One-third 
of the contraction consequent upon combustion 
gives tho volume of the oxygen. 

Sulphur dioxide, by titration. 

In the ordinary gases from flues, generators, 
&c., the constituents are estimated in the follow- 
ing order : Carbon dioxide, olefines and benzene, 
oxygen, carbon monoxide, hydrogen, methane, 
nitrogen (as residue or by difference). 
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It acid vapouTB are present together with one 
or more of the above gases, the order of absorp- 
tion, &c., must be determined by oiroumstanoes. 

Apparatus and manipulation. 

Collecting samples . — The gas to be analysed 
is usually drawn from the flue, chamber, &c., by 
aspirating it through glass tubes, which may be 
termed conducting tubes. When the tempera- 
ture is high, porcelain tubes may be used ; or if 
the gas has no acid properties, iron tubes can be 
empTo 3 ’'ed. When samples are constantly taken 
from the same flue, &c., it is convenient to have 
a short piece of porcelain or iron pipe cemented 
into the wall and closed at the outer end with a 
plug, which is readily removed when ^he sample 
IS taken. In oases where the gases are originally 
at a high temperature and possibly in a state of 
partial dissociation, it is important to draw the 
sample slowly through a some what long tube in 
order that the gas may cool slowly, since rapid 
cooling of the gases may leave them in a partially 
dissociated condition and thus lead to erroneous 
results. 



is readily iranaforred from a to the measuring 
Vessel by raising B and carefully opening the 
stop-cock. 

In aU oases the air in the conducting tube 
must be expelled, and this is done by placing a 
T-tube between the end of the tube and the 
collecting vessel. This T-pieoe is connected 
with an aspirator, and the tube is filled with the 
gas before the stop-cook of the collecting vessel is 
opened. When the collecting vessel is provided 
with a three-way cock, the aspirator may be 
connected •directly with the latter. Variius 
forms of aspirator may be used. When the 
volume of gas to be aspirated is small {e.g. in 
removing air from the conducting tube), a small 
globular indiarubber aspirating pump is very 
convenient. For larger quantities of gas, glass 
bottles with a tubulus or stop- cock at the bottom 
and a tube or stop-cock at the top, or similar 
vessels of sheet zinc, may be used (Figs. 36 and 37). 
They are filled with water, the upper tube being 
connected with the tube which passes into the 
flue, and the water is allowed to flow from the tap 
at the bottom. The volume of eras asnirated is 


determined by measuring the volume of water 
which flows from the aspirator, and correcting 
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this volume for temperature, &c., in the usual 
way (v. Aspirator). • 

When aspiration is to be continued for a loflg 
time, one of the various forms of water pump 
may be used. The volume of air aspirated in a 
given time with a given pressure of water may 
be dt^termined once for all by direct measure- 
ment, or a small gas meter may be placed between 
the pump and the vessel into which the gas is 
passed. 

If the gas has to be kept for some time before 
analysis, or if it has to be transported from one 
place to another, it may bo collected in glass 
tubes which have previously been drawn out at 
each end. As soon as the tubes are full, the ends 
are closed by stoppers of indiarubber tubing and 
glass rod, or are hermetically sealed by fusion. 
If the quantity of gas is large, cylindrical zinc 
vessels with conical ends closed by indiarubber 
corks answer very weU. 

(For other forms of gas-samplers, t>. J. Soc, 
Chem. Ind. 1889, 8, 170; 1903, 22, 190.) 

Estimations by titration . — A measured quan- 
tity of the appropriate standard solution^ is 
placed in a.fla^ or a WoulS’s bottle fitted with 
two tubes, one of which dips into the liquid and 
is connected with the tube placed in the flue, 
&c., whilst the other ends just h©low the cork 
and is connected with an aspirator. After 
aspiration has been continued tor a sufficient 
length of time, the excess of reagent is deter- 
mined by titration. The volume of gas aspirated 
is determined by the volume of water which has 
run from the aspirator or by means of a gauge 
attached to the aspirator. This volume of 
water, however, represents a volume of gas 
saturated with moisture and at a temperature 
and pressure which must be determined by 
means of a thermometer attached to the aspirator 
and a barometer in close proximity ; the volume 
under standard conditions is calculated in the 
usual Way. In calculating the percentage com- 
position of the gas, it must be borne in mmd that 
the orighial volume of the gas was the sum of the 
volumes of the absorbed constituent and the 
volume which has passed into the aspirator. 

If Fj is the volume of the absorbed gas, and 
F, the volume which has passed into the aspira- 
tor, both under standard conditions, then 
100 X V 

=r. por cent, of F, by volume. 

' This'method may be applied in the ^timation 
of — * 

Ammonia, by absorption in sulphuric acid 
and titration with alkalL 

Carbon dioxUe fin small Quantities), bv 
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4iii|K>Tptioii in standard baryta solution and 
titration with oxalic acid. 

Chlorine, by absorption in a standard solu- 
tion of arsenious oxide in sodium carbonate, 
and subsequent titration with iodine after 
saturating wjth carbon dioxide. 

When hyorochlorio acid and chlorine occur 
together, the latter is determined separately in 
one quantity, and a second quantity is absorbed 
in the solution of arsenious oxide in sodium 
carbonate free from chlorine, and the total 
chlorine is determined by titration with silver 
nitrate, using •Volhard’s thiocyanate method. 
In calculating the percentage composition, it ia 
important to remember that 1 voi. of chlorine 
produces 2 vols. of hydrochloric acid. 

Hydroehlorle aold, by absorption in sodium 
egrbonate and titration with silver nitrate, or, 
ill absence of carbon dioxide and other acids, 
by absorption in standard caustio potash or 
soda, and subsequent titration with an acid. 

Hydrogen sulphide, by absorption in standard 
iodine and titration with thiosulphate ; or by 
absorption in bromine water and gravimetric 
estimation as barium sulphate. 

Nitrogen oxides, by absorption in acidified 
permanganate solution of definite strength, the 
gas being passed until the solution is just de- 
colourised. This method gives the amount of 
nitrogen oxides in terms of their reducing 
power. 

Sulphur dioxide, by absorption in standnid 
iodine solution and titration with thiosulphate, 
or by absorption in bromine water and gravi- 
metric estimation as barium sulphate*. The 
latter plan may be adopted when the proportion 
of sulphur dioxide is very small and a large 
volume of gas nyist bo aspirated. 

Mtasurivg nnd absorption apparatus . — Only 
those forms which have come into general use 
and are of wide applicability will bo described 
here. Descriptions of the numerous other 
modifications will bo found in Winkler’s Chem. 
Unters. dcr Industrie-Gase ; Winkler and 
Lunge’s Technical Gas Analysis ; and in Zeitsch. 
anal. Chem. 

An extremely convenient device which is 
applied to almost all the forms of apparatus is 
the three-way stop-coek. This has the usual 



Fig. 38. 


tr^psverse bore, but the plug itself is elongated 
in the form of a tube, the bore of which ia con- 
tinued in a curved direction through the plug 
and opens at the side in the same plane, but 
in a direction at right angles to the transverse 
bore. By means oi this tap two tubes can be 
made to oommunica1» with one another, or 
either of them separately can 4ie put in com- 
i^uniAktion with a third tube or with the 
air. 

Orsai'e apparatus .— measuring tube or 


I burette consists of a cylindrical bulb terminating 
I at one end in a capillary tube and at the otkoi 
in a narrow tube of uniform bore graduated in 
I tenths of a cubic centimetre. The total capacity 
of the tube from the zero to the capillary is 100 
C.O., and the lower end of the tube is connected 
by caout(ihouc tubing with a ‘ level-bottle,* the 
height of which can readily be adjusted. The 
burette is enclosed in a cylinder which is filled 
with water at a constant temperature. The 
capillary from the upper end of the measuring 
tube is carried horizontally along a wooden 
support. Other capillary tubes provided with 
stop-cocks are fused into it at right angles and 
communicate by means of very short lengths 
of stout indiambber tubing with the absorption 
pipettes, each of which consists of a pair of 
somewhat large cylindrical bulbs communicating 
at the bottom by a curved tube. The bulbs 



Fig. 39. 

nearest the capillary tubes are fitted with short 
lengths of glass tubing so that a large surface of 
the reagent may be exposed, and the other bulbs 
receive the liquids when they are driven out 
from the first bulbs by the gas. Any number 
of bulbs can, of course, be attached to the main 
capillary, and at the end of it there is a three- 
way tap communicating with the aspirating tube 
or with the air. 

The three absorption pipettes indicated in 
Fig. 39 are generally, filled respectively ivith 
Boliitions of caustii^tash, alkalme pyrogallate, 
and cuprous chloride, and serve for the estima- 
tion of carbon dioxide, oxygen, and carbon 
monoxide. 

The burette is filled with water by placing 
the liquid in the level-bottle and raising the 
latter, and the stopcocks are then closed. The 
absorption bulbs are rather more than haU filled 
ivitb the liquid reagents, and by opening the 
stop-cocks and placing ther level-bottle below the 
apparatus the liquids are drawn up so as to fill 
completely the bulbs connected with the capil- 
laries. The stop-cocks are then closed. 

The burette is filled with water up to the 
capillary tube by raising the level-bottle, and the 
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far end of the capillary tube is connected with 
the tube along which the gas is to be conducted. 

The lower end of the three-way tap is connected 
w'ith an indiarubber aspirator, and the air is 
removed from the conducting tube by aspirating 
the gas through it. The level-bottle is then 
lowered, the tap is turned through *00®, and 
the gas is drawn into the burette. When 


sufficient volume has entered, the tap is closed, ' 
the levels inside and outside the burcit(» are 
adjusted by raising the level -bottle, and the 
volume of the gas is read off as soon asf the 
lem])erature is constant. If it is desired to 
operate upon exactly IdO c e ,th(‘ gas is drawn in 
until the water is a little la low the zero, the tap 
is closed and tli(> level -linttle is raised so that the 
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estimated by absorption in the alkaline pyro- 
gallate (Ohem. News, 1904, 89, 61). 

Bone and Wheeler's apparatus is a simple 
form of gas apparatus capable of giving accurate 
results w^ith almost all gaseous mixtures ordiharily 
met with in technical practice, tfhe working 
liquid 18 mercury, and the apparatus consists of 
the following parts : (1) A water- jacketed com- 
bination of measuiing and pressure tubes, A and 
B, communicating through the glass tap 0 with 
the mercury reservoir d ; (2) an absorption 
vessel, F, standing over mercury in a mahogany 
trough ; (3) an explosion tube* k, fitted with 
firing wires, and having a separate mercury 
reservoir, H ; (4) a sampling tube, K. The con- 
nections between a, b, and F are of capillary 


g.Ts is sliglitly eonipres^nd and the w^^te^ rices [ boio throughout, with suitable glass taps, 
above the zero (lin'c Inning hx-Ti gnin lox ilu' j Tefore an analysis the whole of the appa?ati»a, 
liquid to run down from the sides oi the burelte), j including the connections, ic filled with mercury, 
and the indumbhor tube is closed by a pinch- 
cof’k. 'Idle level-bottle is again lowered, and by 
enutiously opening the pimh-eock the waiter is, 
allow’ed to descend exactly^ to the zero, and the ! 
lunch-cock IS closed. The tap at the end of the [ 
main capillary is opened for an instant, so that 
the excess of gas may escape and the 100 c.c. j 
remaining in the tiurelte may be at atmospheric j 
pressure. ! 

In order to liring the gas into any one of the I 
absorption bulbs, the level-hTittle is raiseu and ( 
the tap of the particular bulb is opened. The 
gas passes into tho bulb, and by alternately 
raising and lowering the level-bottle the gas can 
be passed backwards and forwar<ls several times, 

('are being takmi that the absorbing liquid docs 
not pass through the stop-cock. The gas is 
finally dra^vn off so that the absorbing liquid 
just reaches the stop-cock, the latter is closed, 
and, after readjusting the levels, the volume of 
gas is again read off. After making the neces- 
sary corrections, the decrease in volume is, of 
course, the volume of the gas whi^h has been 
absorbed. The order in which the absorbing 
liquids should be applied has already been 
given (p. 236). 

Lunge has added to this apparatus a capil- 
lary tube wdth palladium asbestos, for the 
estimation of hydrogen, connected with a bulb 
similar to tho absorption bulbs, but containing 
water only. The ajiparatus also contains a 
small spirit-lamp earned by a movable rod for 
heating the palladium asbestos (Dingl. r dy. J. 

1882, 245, 612). 

Sodeau has introduced a modification of 
Orsat’s apparatus cm u bio for tho analysis of 
mixtures containing only small proportions of 
combustible gases {cjj. cl^ninoy gases). In 
this modification the euprou.s chloride pipette 
and the palladium combustion tub© are replaced 
by a combustion pipette, tho only absorptian 
pipettes prcsenl- being tlio.so containing caustic 
potash and alkaline pyrogallate. The carbon 
dioxide is first estimated by means of the former, 
and tho combustible gases burnt by passing an 
oleotrio current (5 amjieres) for a short time 
through a platinum spiral in the combustion 
pipette. The contraction is noted, and the 
carbon dioxide produced is estimated by 
absorption in the caustic potash. These data 
give the proportions of carbon monoxide and 
hydrogen originally present in the gaseous/ 
mixture. The residual oxygen may now be 
VoL. I.—T. 



Fig. 40. 

and the gas may be introduced either from the 
sampling tube, K, or from the absorption 
vessel, F. 

The Regnault-Frankland principle of mea- 
surement is employed, nanwly, the measurement 
of tho pressure qf the gas (in mm. of Biercury) 
at constant volume. The measuring tube a 
has a series of constant- volume marks coinciding 
with the 0. 100, 200, &c., mm. marks on the 
pre.ssure tube B. Vhese tw'o tubes arc moistened 
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wifch dilute sulphuric acid (1 : 20) as a precaution 
against the accidental introduction of alkali 
into the measuring tube. The tap closing the 
upper end of the pressure tube is connected to 
it by stout indiarubber pressure tubing ; this 
gives a tight but elastic joint, and obviates 
risks ^of fracture. By means of this tap the 
pressure tube can bo rendered vacuous, and, in 
this way, the moafiuremeuts are rendered inde- 
})endent of the barometno pressure, and it 
becomes possible to anah^se smaller volumes of 
gas. The length of the pl easure tube provides for 
the requisite dilution of the explosive mixtures 
in analyses by explosion. All Ibe absorptions 
are carried out in the same vessel, F, a com- 
paratively small amoutit of freshly }>n']).ired 
reagent being used in each operation, 'I'he 



absorption vessel is rinsed out by means of the 
three-way tap, lower parallel limb of which 
is joined to a ^rge bottle connected up with the 
water pump. In this way a series of absorptions 
can be carried out without disturbing a single 
connection in the apparatus. An analysis of pro- 
ducer gas is easily completed in 46 minutes, and 
one of coal gas requires about an hour (J. Soc. 
Chom. Ind. 1908, 27, 10). (For other forms of 
technical gas apparatus, v. F. Fischer, Zeitsch. 
angew, Chom. 1890, 3, 691; Sodeau, J. Koc. 
Chera. Ind. 190.3, 22, 187. See also Chem. Soc. 
Trans. 1894, 06, 43 ; 1899, 76, 82 ; Ber. 1902, 
35, 3486, 3493 ; 1907, 40, 4966; J. Soc. Chera. 
Ind. 1908, 27, 483, 491 ; Chem. Zeit. 1903, 845 ; 
1904, 086 ; Zeitsch. angew, (^hem. 1907, 20, 22.) 

IlempeVs apparatus . — The measuring appa- 
ratus consists of a burette, and a plain tube 
of the same length and diameter, which serves 
as a level-tube. The burette bolds 100 c.c. 
from the zero to the capillary, is graduated in 
fifths of a c.c , and terminates at the top in a 
capillary tube to which is fitted a short piece of 
stout- walled caoutchouc tubing closed by a 
pinch-cock. Both the burette and the level-tube 
are fixed at the bottom into heavy circular 
stands, and each has a side tubulus near the 
bottom over which is slipped the caoutchouc 
tube by which they are oonnectod. It is 
advisable to make all the joints Stcure with 
copper wire. In oader to make the rneasure- 
menta •more, accurate, the- ^urette may be 
Burrounded by a wider tube filled uith cold 
water (Winkler). 

The pinoh-coek is opened and both tubes are 
rather more than half fillecf w^ith water. TJie 


I burette is completely filled with water by raising 
the level-tube until the water runs out of the 
indiarubber tube at the top, and the pinch-cock 
is then closed. By moans of the indiarubber 
tube the burette is attached to the conducting 
tube, which has already been filled with the gas, 
the level-tube i.s lowered, and the pineh-cock 
opened. When sufficient gas has been draAvn in 
the pineh-cock is closed, the levels adjusted, and 
the volume read off in the usual manner. If it 
is desired to admit exactly JOO c.c., proceed 
in the same way as described under Orsat’s 
apparatus. 

'I'he reagents are contained in absorption 
pipettes. Simple absorption pipettes consist of 
two bulbs which communicate at the bottom by 
I a bent tube, one bulb being at a higher level than 
j the other (Fig. 34). The upper part of the lowoi 
bulb terminates in a straight capillary tube, 

I which extends to a slightly greater height than 
the higher bulb, and serves to connect the pipette 
with the burette. In the tubulated pipette the 
bottom of the lower bulb is provided wdth a 
tubulu.s, which can bo closed with a caoutchouc 
stopper, and through which solid reagents such 



as phosphorus or zme can be introduced. A 
comjiosile absorption pipette consists of two 
similar pairs of bulbs, the second pair containing 
water or some other liquid which protects the 
reagent in the first from the action of the air. 
Composite pipettes are used with alkaline pyro- 
galiate, cuprous chloride solution, bromine water, 
and simiiar reagents (Fig. 42). 

Cummmg (J. Soc ('hem. Ind. 1913, 32, 9) 
has modified the Hempel double pipette by the 
addition of a side tube to the top of 6, which 
can be closed by a rubber cork. The reagent is 
poured through the side-tube on 6, and water 
is poured in through d to form a water-seal. 

In making the absorptions the pipettes, 
which are attaoheif to wooefen stands, are placed 
on a table stand of such height that the top of the 
capillary of the pipette is level with the top of 
the capillary of the burette. The burette and 
pipette are joined by means of short pieces of 
caoutchouc tubing and a short piece of capillary 
tube bent twice at right angles. The volume of 
air conlained in this capillary is so small that it 
does not introduce any appreciable error. Care 
is taken that the capillary of the absorption 
pipette is tilled just up to the top with the re- 
agent. The connections being made, the level- 
tube, which should be full of water, is placed on 
the table stand and the pinch-cock is opened. 

1 The gas pa-sses into the pipette, and by raising 
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and lowering tbe level-tube the whole of the gas 
can be passed backwards and forwards two or 
three times; or the gas may be allowed to re- 
main in contact with the liquid in tho pipette. 
When absorption is complete, the level-tube is 
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Fig. 4.0, 

lowered until the reagent is drawn just up to the 
top of tho capillary of tho pipotte, tho pinch-cock 
is closed, and a second reading is taken. 

When combustions of hydrogen or carbon 
monoxide have to be made/ the capillary tube 


mercury la used as the working liquid. The 
two bulbs of the pipette are connected by 
thick- walled indiarubber tubing, and the ex- 
]dosion bulb can be closed by two stop-cocks. 

When gases very soluble in water have to be 
measured, a burette is used, provided at the top 
with a three-way stop -cock, the voltrae between 
them being e.vactly 100 c.c. Tbe burette must 




Flo. 44. 


containing palladium asbestos is inserted 
between the burette and a simple absorption 
pipette containing water only. With gases 
containing both methane and hydrogen, the 
combustion is conveniently effected in an ex- 
plosion pipette of spherical form, in which 


be perfectly dry before being filled, an end 
which IS most quickly effected by rinsing the 
burette with water, then witli alcohol, and 
finally with ether, and passing a current of warm 
air through it. Tho lower end of t!ie burette is 
connected with the conducting fube by means of 
the three-way tap </, tho other end is connected 
With an aspirator, and a current of the gas is 
drawn thiough the burette until the air is com- 
jiletely expelled. The stop-cocks are then closed, 
care being taken that the gas.in the tube is at 
atmospheric pressure. The absolutions, &o., are 
made in the same way as with the ordinaj’v 
burette. ‘ 

Stead's apparatus consists (Fig. 44) of tv 
graduated t.ube a, in 
which all measurements 
are made, fitted with taps 
B and V, leading respec- 
tively to the ab.sorption 
vessel and the sampling 
tube. The lower end of 
A is joined by means of a 
T-piece to the mercury 
reservoir e, and to tho 
tube D, wlijcli is open to 
tho atmosphere at h. 

The readings are taken 
under atmospheric pres- 
sure. The gas sample is 
collected either throctly 
in the laboratory vessel o 
or in Stead’s sampling 
a})paratu8(Fig.46). From 
cither of these reservoirs 
a portion of the gas la 
introduced into the ap- 
paratus at t\ a’ (i thence 
by opening b into tlie 
laboratory vessel o, which* 
contains caustic potash solution stam^irig over 
mercury. If the gas consists practically of 
carbon dioxide, carbon monoxide, and hydrogert, 
it IB then mixed with a known volume of oxygen, 
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and the mixture sparked by means of platinum 
terminals fused into the upper part of the 
graduated tube a. 

The contraction is asceitainod and the 
carbon dioxide produced is estimated, and from 
these data tlfe amounts of carbon monoxide and 
hydrogen are determined. 

When other absorbable gases are present, 
then six absorption vessels are employed, and 
these are carried on a turn-table, so tliat each 
in turn can be brought into contact with the 
measuring tube (Fig. 46). In this modified form 
of tlie apparatus the eudiomet-cr lube and each of 
the absorption ves.seLs are fitted wifli a perfectly 
flat piece of plat e glass porforabed in the centre. 
These plates are lightly smeared with oil, and 
when communication is to be made between the 
•udiomete.r and tfie alisorjition vessel, these 
face })lates are held together by a spring elip 
(Fig. 47) 

A further improvement consists in the use of 
the modified form of absorption vessel shown 
in Fig. 48, in which the reagent is eontamed 
in a glass bottle closed by an indianibber bung 



carrying a small glass stopper and a pipette 
furnislK'd with a tap. 



Fid, 49. Flu 50. 


By means of these additions Stead’s ajiparatu-j 
can be used for the couiplete analysis of 


furnace and producer gases and other technically 
important gaseous mixtures (J. Soc. Chem. Ind. 
1889, 8, 178). 

The nitrometer, originally devised by Lunge 
(Ber. 1878, 11, 430) for the estimation of nitrogen 
oxides in oil of vitriol, is capable of being applied 
to gas analysis and a large number of other 
defer in iriation.s. It consists (Fig. 49) of a 
burette, fitted at the top with a three-way tap 
and a cup-shaped funnel, and communicating at 
the bottom t)y means of caoutchouc tubing with 
a plain tube of the same diameter, which servos 
as a level-tiific. When large quantities of gas 
have to be measured, the upper part of the 
burette is expanded into a bulb, and there is a 
similar bulb on the level-tube (Fig. 60). 

This apparatus is used with mercury, and 
it thus suitable for the analysis of gases soluble 
in water. It can bo used in the same way 
as Hempel’s buretfe, and for all purposes to 
which the latter is applicable. It may also bo 
I used without ab.sorjdioii pipettes, the reagent 
being introduci'd by means of the cup. but 
since the reagents cannot be removed without 
removing the gas, the latter method is only ap- 
}>lioa])lo when the reagents do not interfere with 
each other — e.g. for the absorption of carbon 
dioxide by caustic pota.sli, followed by the absorp- 
tion of ox>gen by alkaline pyrogallate. 

3^0 estimatioif of nitrogen oxides in solution 
in sulphuric acid is conducted in the following 
manner. 'J'hc ayiparatus is filled with mercury, 
.so that when the tap i.s ojtcn between the burette 
and the cuj», and the level-tube is raised, tlie 
mercury just passes through the tap and stands 
at a height of about 2 inches m the level-tube. 
The tap is then closed and 2-5 c.e. of the buI- 
})huric acid, according to the quantity of 
nitrogen oxides winch it contains, is placed in 
the cup, the level-tube is louvered and the tap is 
turned so that the aeul is nearly all drawn into 
the burette without any air being admitted. To 
avoid measuring out small quantitie.s (0‘5-l c.c.) 
of highly nitrated acid, this liquid should be 
diluted with a knowu^ volume of pure concen- 
irati'd sulphuric acid, and 5 c.c. of this solution 
taken for analysis. The cup is rinsed with two 
Bueee.s.sive quantities of 2-3 c.c. of pure acid, 
winch is drawn into tlio cup with the same 
precaution aa before. The tap being closed, 
the burette is taken out of the clamp and 
agitated in sinii a manner that the liquid is 
bi ought thoroughly into contact with the first 
10 cm. or so of the mercury, which is broken 
up into bubbles. IS'iIno oxide is formed and 
collects in the upper part of the tube. When 
no more gas is given off, the levels are adjusted 
and the volume read off after the froth has 
subsided. In adjiis+ing the levels the difference 
Lvtw'een the specific gravity of the acid and the 
mercury ja allowed for by taking 0-5 mm. of 
acid — 1 mm. of mercury. A small quantity of 
a( id is placed m the cup and the tap opened : if 
the acid is drawn in the pressure in the burette 
was too low; if gas escapes, the pressure was too 
high. It is better to err on the side of too low 
pressure, which is readily corrected by allowing 
acid to run in from the cup and taking another 
reading. 

Ill agitating, care should be taken that the 
droji of acid which collects in the top of the 
burette just below the tap does not escape con- 
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tact with the mereury, otherwise the results will 
be too low. 

To prepare for another estimation, the level- 
tube is raised and the tap is opened so that all 
the acid and some of the mercury la driven into 
the cup, and the tap is then turned so that the 
acid runs out at the side. 

The nitromctiiT may bo used for the valuation 
of nitrites and nitrates, which are introduced in 
the form of a concentrated acjueous solution, 
care being taken that the propoition of water to 
acid does not exceed 2 parts of aqma>us tolution 
to 3 parts of the strongest acid. It may also be 
used for the estimation of nitrates and nitrites 
in potable waters, and in fact for almo.st any 
determinations in which a definilo volume of 
gas is given off. For example, tlic estimation of 
carbonic acid ; of urea by hypobromito (tlio 
reading being increased by 9 p.c. to correct for 
Bolnbilitv of the gas and incomplete decom- 
position) ; hydrogen peroxide by an acidified 
solution of potas.sium permanganate, or, vtce 
versa, the value of a jierrnanganab’i solution by 
means of hydrogen peroxide. &c. [tice Lunge^ 
Bcr. 1878, 11. 430; J. Soc. Flicm. Ind. 1885, 
4, 447, and 1880, 5, 82; Zeitacli. anal, ('hem 
25, 309 ; and the translataon of VVmkler7 
Technical Gas .Analysis (1885); also Allen, I 
J. Soc. Chem. Iml. 1885, 4, 178.) 

The gas-vol.niieter. Seveftd of the eifima- 


thc rt due fcion tube. The formula? for calculating 
’ the volume of gas in the reduction tube are as 
follows : — 

V, (moist gases) = 

where V, = volume of gas reciuirod ; 

Vj)~ normal volume (r.7. 100 c.c.); 
t observed temperature ; 

B = observed barometric jiressuro ; 

/ - tension of water vapour at observed 
temperature. • 

When a dccom))osjtion by sodium hypo- 
bromite or hydiogen jjeroxide has been carried 
out m the auxiliary generating bottle, the gas 
evolved passes into thc' measuring tube a. 'I'he 
mm-cury in a and c are tken adju.sted to the 
samt' level, and the tap 0 clo.sed, the gas heirf^ 
then at the atmos])liere pressure. The three 
tubes arc now adjitsted so that the mercury in 
A and B are at the same level when the mercury 
in the latter tube stands at the 100 c.c. gradua- 
tion. 'i'he gases in A and B are at the same 
tcmpi'raturo and under the same pressure, and 
since the gas in b oeeupies the same volume os 
it would at 0® amrVOO mm. pressure, it follows 
that thc gas in a also occupies the same volume 
as it w'oiild under the standard conditions. In 
this way, by the use of the gas-volumeter, all 


tions referred to m the preceding ])aragi aph are 
more convenieid.lv earned out in th(' gas- 
volumeter devised b^ Lunge, as in this apparatus 
the decomiiosi- 
I I ^ tion can bo < t- 

feeted in a sepa- 
ra<,e vi'ssel. 'I’he 
U measuring tube A 

.1 and the reservoir 

_ Ryi c are converted 

i r~j I Tpv bv means of the 

I I y'' \ T -piece i>, w ith 

r ( j the so-called ‘ re- 

- \ / C duction * tube b. 

1 100 At the outset 

the temperature 
Q and pressure are 

5 0 observed, and the 

volume occupied 
under these con- 
ditions by 1 00 c.c. 
H of dry (or moist) 

130 ll air measured at 

/y 0® and 760 mm. 

n IS calculated. The 

J 7 n reduction tube is 

n U \\ blied with air to 

I ^ )j * this volume, and 

// Ihe tap of the 

(I /7II — tube closed, ^r 
liy U Jj the end of the 
reduction tube 
Fig. 61 . may bo termi- 

nated by a capil- 
lary and sealed off after the volume has been 
correctly adjusted. A special tap for the reduc- 
tion tube has been devised by Gockel (Zeitsch. 
angew. Chem. 1900, 13, 961, 1238). If moist 
gases are to be measured, a small drop of water 
ui introduced into the reduction tube ; if dry 


gases are under examination, a drop of concen- 
trated sulphuric acid must be introduced into 


tlu'rmometric and barometric readings and all 
reductions by calculations or special tables are 
avoided ; for the volume of gas is read off 
directly under conditions corresponding to the 
normal pressure and temperature. It is, how- 
ever, essential that the reduction tube should 
bo arranged for dry or moist gases according to 
the nature of the analytical operation involved 
{v. Lunge, Bor. 1890, 23, 440; J891, 24, 729; 
1892, 25, 3157 ; Zciisch. angew. Chem. 1890, 3, 
129; 1891, 4, 197,410; 1892,5,677; J. So*c. 
('hem. Ind. 1890, 9, 547. Cf. Gruskicwiez, 
Zeitscli. anal. Chem. 1004, 43, 85). 

In addition to the hypobromite and hydrogen 
peroxide decompositions, Lynge and March- 
lewski have adapted the gas-volumeter to the 
estimation of carbon dioxide in natural car- 
bonates, Portland cement, and other mineral 
substances, and also to the determination of 
carbon in iron and steel (Zeitsch. angew. Chem. 
1891, 4, 229 ; 1893, 6, 396 ; J, Soc. Chem. Ind. 
1891, 10, 668). G. T. M. 

Electkochrmical Analysis. 

'J'he first suggestion to apply the electric 
cun cut to the ile position of metals w^as made 
bv Cruickshaiik m 1801 (Nicholson’s Journal of 
Nat. Phil. 1801, 4, 254). He noticed that metals 
w'cro deposited from acid or alkaline solutions 
of their salts at the negative pole, and that the 
metal w'ent into solution at the positive polo. 
Ho therefore suggested that the electric current 
might thus bo used as an aid to analysis, par- 
ticularly for depositing lead, copper, and silver, 

In 1812 Fischer suggested its use for detecting 
small quantities of arsenic (Gilbert’s Aunalen, 
42, 92). In 1840 Cozzi,(Arch. dalle Science 
mod. fis 60, ii. 208) employed the galvanic 
current (produdlid by plates of gold and zinc 
connected together by a wire) to ascertain 
whether organic fluids, suoh as milk, contained 
metallic impurities. Gaultier de Claubry (J. 
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Pha>m Ciiitn. iii, 17, 125) ai'plied it to detect j 
small quantities of arsenic in animal fluids. In 
18CI, Bloxam (Quart. Journ. Chem. Soc. 1.1, 
12, 138) described an electrolytic method for 
detecting arsenic and antimony. Becquerol 
(Ann. Cnim.* Pliya 1830, 43, 380) found that 
manganese and lead were readily oxidised, and 
appeared as oxides on the anode. 

All these workers ajipear to have merely 
used the electric current as an aid to qualitative 
analysis. Wolcott Gibbs (Zeitsch. Anal. Chem. 
3, 334), in 18^)4, showed that copper, nu Ktd, 
zinc, lead, and manganese might be quantita- 
tively determined by means ol the electno 
current. Lucknow (J)ingl. Poly. J. 1805, 177, 
231, and 178, 42), from 1800, had em})lo 3 fcd 
electrolytic methods for the quantitative 
af-alysis of copper salts and for commciciaJ 
copper. From this time forward many u'orkers 
entered the held, and about 1880 Edgar ymith 
in America, and Classen in Germany, very 
much advanced the subject of cieetro-analysis, 
and to-day it is one of the most useful helps to 
the analytical chemist. 

Before dealing with the methods of deposition 
and separation of the metals, it will be well to 
describer the apparatus used ; but only the 
apparatus most generally employed will be 
dealt with. 

Classen first suggested the employ inent of a 
platinum basin as cathode and a platinum disc 
as anode. A convenient stand for holding the 
basin, and a method of connecting with tlio 
source of current, are shown in Fig. 52. d’he basin 
" should hold from 

150 to 180 c.c. of 
solution. The 
inner surface of 
the basin should 
be roughened by 
the sand blast, as 
this causes better 
adherence of the 
deposit, esi»eci- 
ally in the case 
of peroxides such 
as lead and man- 
ganese. The base 
of the stand is of 
slate or marble, 
and the brass rod 
ivbich conveys 
tlie — current is 
hollow; through 
this brass rod an 
insulated wire for 
carrying the -f* 
current passes, 
and is connected 
at the top of the 
rod by means of 
n piece of ebonite. 
The ring which supports the basin has three little 
platinum points at equal intervals on its circum- 
lerence ; on these the basm rests, thus ensuring 
good contact. The positive pole of the 
source of current is douneotedwith the bindirig- 
sorew fixed to the slate * base, and the 
negative^ pole with the binding - screw 
marked — . In dealing with metals which 
deposit as oxides on the positive pole the 
basin is connected with the -f pole. 
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Another useful form of electrode is illus- 
trated in Fig. 53. The anode ia a stout 
spiral of platinum and 
the cathode is a cylinder 
of platinum gauze. This" 
form of electrode can be 
employed either for station- 
ary work or for rapid depo- 
.sition work when the anode 
IS rotated. The vessel in 
which the eloctroly.sis takes 
place may either be a 
beaker or, better, a funnel 
with a tap such as is illus- 
trated III Fig, ()7. 

For stationary work the 
Flag electrode! of F. Moll- 
wo I'eikiii (Fig. .54) gives 
very satisfactory results. 

The catliode consists of 
a small sheet of stout 
platinum gauze, autogenous- 
ly fastened on to a rigidplati- 
mim-iridium frame, both 
frame and gauze bmrig rough- 
ened by the sand blast 
The wire holds the electrode in position during 
the analysis The loop near the lop of the wire 
serve% to hang ih« electrode on the balance. 
'I’ho anode is 
made of plati- 
num wire, andj 
is beat upon I 
itself in such a 
way that when 
it is placed in 
position for 
electrolysis, as 
illustrated in 
Fig. 65, an oven 
density is ob- 
tained on all 
parts of the 
cathode. 

It has been 
found that the 
rate of deposi- 
tion of metals 
from their solu- 
tions is very much increased and higher current 
densities can be employed when either the 
anode pr cathode is rapidly rotated. Frary 
(Zeit. f. Elektrochem, 1907, 308) has also shown 
that excellent results can be obtained by electro- 
lysing with stationery electrodes, but causing 
agitation of the electrolyte by placing the whole 
apparatus m the field of a powerful electro- 
magnet. The forms of the apparatus are 
depicted m Fig. 66. From the figure it is seen 
thUt the solution is contained in a beaker b, in 
which 18 a cylindrical platinum gauze cathode o 
and a heavy platinum wire as anode A. The 
beaker is placed in the centre of a spool made 
from insulated copper wire B. By passing an 
electric current through the copper wire of the 
bMol, a powerful magnetic field is produced, in 
the centre of which the beaker stands. If now a 
current be passed through the electrolyte by 
means of the electrodes, the electric lines of force 
are cut at right angles by the magnetic lines of 
force, and this produces a tendraoy for the 
solution to rotate, owing to the vortical magnetio 
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an 


field and radial current lines. The speed of 
rotation depends upon the ratio between the 
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electric current and the magnetic current. With 
an electrolys- 
ing current of 
from 6 to 7 
amperes, Frary 
was able to 
deposit 0’850 
gram copfier 
in 15 minutes, 
T ii e other 
form, illus- 
trated in Fig. 
57, 18 for 

JL elMtrolysing 

ilG. 56. » .“f 

cury cathode, 

the use and apphcations of which will be 
described later. 
The electrolys- 
ing vessel i.s 
ring-shapod, so 
that it may lit 
into a hole cut 
into the pole d 
of the magnet. 
An iron rod 
passes from the 
other pole up 
into the centre 
of the eleStro- 
ly sing vessel, a 
is the anode 
and c the ca- 
thode. E.X- 
tremely rapid 
rotation is thus 
produced, be- 
cause the iron 
core very much 
facilitates the 
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passage of the magnetic current, there 


being a radial field with vertical current 
lines. 

The advantages claimed for this method 
are : rapidity of deposition, and, as there are 
no mechanical parts which require lubrication, 
there is no chance of contamination from oil, 
or grease accidentally falling info the solu- 
tion. As a matter of fact, however, rapid 


1 
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methods of electrolysis arc ifiore frequently 
carried out by means of a rotating anode# or 
catliode. 

Gooch and Medway (Amer. J. Sci. 16, 320) 
use a rotating cathode. It is made from a 
platinum crucible of about 20 c.c. capacity. 
The crucible is attached Ifj the shaft of the 
electromotor, which is used to rotate it at 
a speed of from 600 to 800 revolutions per 
minute by fitting it over a rubber stopper 
with a central bore, into which the end of 
the shaft fits tightly. In order to make 
electrical connection betweeu the crucible 
and the shaft of the motor, a narrow strip 
of sheet platinum is soldered to the shaft 
and bent upwards along the sides of the 
stopper. This connects the shaft with the 
inside of the crucible when the latter is 
pressed over the stopper. The anode con- 
sists of a half cylinder of sheet platinum. 

Fig. 68 represents the arrangement of the 
apparatus when fitted together. 

F. Moll wo Perkin and W. E. Hughes 
(Trans. Faraday 8oc. 1910, 14) use an elec- 
trode of sheet platinum spun up so as to 
form a narrow thimble (Fig. 59), the upper end be- 
ing open and having a stout iridio- platinum wire 
fused on to it by means of throe short wire sup- 
ports. This electrode is fixed into a small chuck 
and rapidly rotated by means of an elettromotor, 
the speed of rotation usually being from 760 to 
960 revolutions per minute. When in use, about 
two-thirds of th^ length of the thimble is di^^ped 




Fig. 69 
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into the electrolyte, the active surface being about 
10*3 sq. cm. If dipper] too deeply into the solu- 
tion, there is a tendency for the liquid to splash 
into the interior of the cylinder, and this would, 
of course, lead to erroneous results. The anode 
consists of a platinum cylinder of fine raesh. 
It is, howevfr, frequently more satisfactory to 
employ a rotating anode and a stationary 
cathode, and for this purpose the gauze anode 
is employed as catliode, and the anode consi.sts 
of a spiral of stouf, indio-platmum wire. The 
simplest arrangement is illustrated in Fig. 53. 
The electrolysi^ vessel consists of a tap funnel 
which, when the electrodes are covered, holds 
about ()0 to 70 e.c. of solution. The advantage 
of this form wf electrolysing vessel is the ease 
with which the electrolyte can be removed on 
the completion of ,the electrolysis and the 
electrodes washed. The method of procedure 
is to place a beaker boneatli tlio tap and draw 
off the solution untd about half of it has run in 
Distilled water is then lain up to the original 
mark and the solution drawn off as before 
The operation is repeated until the ammeter 
needle sinks to zero. The remaining water is 
run off, the tap closed, and the funnel iilled with 
pure methylated spirit. This is run off, and, 
after a final washing with absolute alcohol, 
carried out in the same manner, the electrodes 
are removed and the cathode dried in the steam 
oven. 

Another form of rotating cathode devi.sed by 
Perkin is illustrated m Fig. 00. The cathode 



oonsiflii of a cylinder of platinum gauze. The 
anode is in the form of a double circle of stout 
platinum wire, and has four small baffle plates 
80 placed as to prevent it from rotating with the 
cathode. 

In order to rotate the anode (or cathode), 
it is fixed into a small chuck fastened on to the 
end of the spindle of a bicycle hub. The barrel 
of the hub nos an arm fastened into it which 
can be climpod to any suitable 'support. The 
upper end. of the spmdle has a sheaf of pulleys 
fastened to it, so that it can be rotated by means 


of a belt from a motor and different speeds be 
obtained. It is found that the current passes 
very well through 
the barrel of the 
hub and the balls, 
which are lubri- 
cated with oil and 
grapliito, to the 
8pindl(\ and so to 
the electrode. 
When it is desired 
to obviate all drop 
in potential, c.g. 
if the aj)j)aratus is 
to be used for 
graded jiotentials, 
then a mercury 
cup IS fastened on 
to the top of the 
sjiindle so that 
the current passes 
dnectlv to the 



spmdle. 


The 

appara- 

tu.s of 

H. J. 

Sand 

(Trans. 

Che m. 

Soc. 

I S>07, 

X vi. i 

373) is 

rather 


more c o in - 
equally satisfactory 


The special object in the design of this 
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electrode was to produce an apparatus wliich 
could be satisfactorily employed for the 
separation of metals by graded potentials. 
It consists of a pair of platinum gauze 
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electrorlcs (Fig, 61), an inner rotating elec- • 
trode A, and an outer electrode b. The ' 
two are kept in position relatively to each i 
other by means of a glass tube, which is 
slipped through the collar and the ring of the 
outer electrode b. It is gripped firmly by 
the former, but passes loesely thiough the 
latter. The hollow iridio -platinum sti'm a 
of the inner electrode is passed through tlie 
glass tube, in winch it rotates freely. The mesh 
of the gauze is 14“ per sq. (?m. The gauze 
of the outer electrode almost completely stops 
the rotation of the liquid. The electrolyte is, 
th(!refor(5, ejected rapidly from the centre of 
the inner elcc-trode by centrifugal force, and is 
continually rojilaced by liquid drawn m from 
the top and the hot, tom. 80 great is the suction 
thus produced, that when the electrode is moving 
rajiidly, chips of wood or jiaper placed in the 
solution are diawn down to the lop of the 
oilier electrode. The circulation is practically 
iTUiependcnt of the size of the beaker employed 
As the outer electrode surrounds the inner 
( ompletely, tlui lines of flow of the current arc 
contained betwi'cn llu' two, and even when 
strong enrrcnls aiu ciiqiloyed, the potential 
of the elect roly t ' anywheie ouhside the ouler 
electrode is practically the same as that of the 
layer of liquid in immediate contact with it. 
Fig 62 Bhov\s the apparali^ witli staml^ and 
motor in work- 
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ing order. lie- 
foro the method 
adopted for elec- 
trolysing by 
^means of graded 
jiotential is di.s- 
cussed, the mer- 
cury cathode de- 
vised by Smith 
and Howard will 
be di'seribed. 

WolcottCibbs, 
in J S80, hr.st sug- 
gested the use of 
metallic mercury 
as cathode, u 
didiiiite amount 
being weighed 
into a beaker, 
where ilwas con- 
nected by means 
of platinum wire 
with the nega- 
tive pole of a 
battery. Various 
ruetallio salt 
solutions were 
experimented 
upon, and, in 
1883 (Am^r. 
Chem.J.13,671), 
Hibbs stated 
that ‘ It was found po.ssiblo to separate iron, 
cobalt, nickel, zinc, cadmium, and copper so 
completely from soluJons of the respective 
sulphates that no trreo of metal could be 
detected in th« respective liquids.’ Gibbs had 
in view not only the determination of the 
metals, but al&o of the auiou left in the solution 
by titration. 

In 1886 Luckow (Chem. Zeit. 9, 338, and 


Zoitsch. anal. Chem. 26, 113) suggested the addi- 
tioR of a known weight of a solution of a mercury 
salt to a solution of zinc sulphate, and so to 
deposit zinc and mercury simultaneously. 
In 1891 Vortman (Ber. 24, 2749) suggested a 
similar method, and employed it in the deter- 
mination of several metals. iDrown and 
McKenna (Araer. Chem. J. 5, 627) further worked 
at the subject, using an apparatus somewhat 
similar to Wolcott Gibbs, that is to say, an 
actual mercury cathode, but the process was 
first succes.sfully worked out by Edgar Smith 
and his collaborators (J. Amey. Chem. Soc. 
25, 885). The apparatus employed consists 
of a small tube or beaker of about 60 o.c. 
eajiacity, close to the bottom of which a 
thin platinum wire is introduced by means of 

...U.„U ... 


mercury 


which the current is suppked to 
cathode (Fig. 63). 

'I’he external part of the platinum wire 
iouclu's a disc of sheet copper on which the 
beaker rests, and which is connected with the 
negatixe source of the current. 

'1 he anode is either a perforated disc of 
plitinum or a stout spiral of platinum wire. 
During the electrolysis the anode is rapidly 
rotated by moans -of an electromotor or water 
turbine. 

The chief difficulty in using the mercury 
cathode is the trouble experienced in washing 
and drying it. 4'he solution left at the end of 
the electrolysis is siphoned off, and at the same 
time distilled water is run in until the needle of 
the ammeter drojis to zero. 'J'hen, and not till 
then, the current is swutehed off. The inside of 
the beaker and the amalgam are rinsed with 
alcohol three times, and final] v with dry ether. 
It is advantageous, in order to drive out 
thoioughly the last traces of oth^r. to blow dry 
air into the beaker for a few minutes. After 
standing for half an hour, the apparatus is ready 
for weighing. F. M. Perkin (Trans. Faraday 
80c. 1910, 14) uses a small quartz beaker as 
contaiuiug vessel, with an iridium wire fused 
into it to make contact wuth H10 mercury. The 
adxantago of indium is that lb does not amalga- 
mate with the mercury. An advantage of the 
quartz vessel is that it can be heated to redness 
for purposes of eleansintr. 'J’ho njiparatus is 
illustrated in Fig. 64. It will be noticed that a 
bijihon tube is lii.scrl 
into one side of the 
beaker. The layer of 
mercury must liot be 
suhieiont in quantity 
to close the side tube. 

A spiral indio-plati- 
num anode is em- 
ployed. When the 
electrolysis is finished, 
a piece of rubber tulie 
ia fastenetl to the 
bent end of thesiphon. 

Distilled water is 
added so that the 
solution begins 
siphon over into a 
beaker placed below 
the rubber tube. In 
order to work with 


fa 
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as small a quunlitv of w^^ter as possible and in 
cases where the solution is required again, e.g. 
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in metal separations, the solution is allowed 
to run out until its level drops almost to the 



end of the anodi*. Fiosli water is then run in, 
and the operation repeated until the ammeter 
noodle pomta to zero. For [lurposes of steadi- 


Rattery 



Fig. 6d. 


ness the vessel is held between clips on a copper 
plate. 

I\y means of the merouiy 
cathode not only can the cations 
be lajiidly and accurately deter- 
mined, but also the amons re- 
maining in the solution. 

Various substitutes for plati- 
num electrodes m electro-ana- 
lysis have been suggested {see 
Nicolardot and Boudot, Bull, 
fcioc. chim. 1918, [iv,] 23, 387), 
e.g. gold, gold-platinum alloys, 
copper, and certain proprietary 
iron-Mloys. An alloy of gold (7) 
and platinum ( 1 ) serves well in 
all circumstances for cathodes. 
As anodes such electrodes are 
less ^satisfactory and must not 
be used for the ^nodic deposition 
of load, nor with cyanide elec- 
. V . fJ*olyte8, unless electro -plated 
with platinum. In ammoniacal solution such 
eleotrodes acquire a light tfrown colour, and 



increase slightly in weight, but return to 
their original weight and appearance when 
heated to 300'^ (Analyst, 1919, 38). 

Method of Graded Potential 
Each metal has a particular potential at 
which it begins to bo deposited ; below this 
potential it is not possible to deposit the metal, 
it follows, therefore, that when dealing with a 
solution containing the salts of two or more 
metals it will be possible, provided the deposition 
potentials of the metals do not lie too near 
together, to deposit tlic metals separately, by first 
working with the lowest potential at which one of 
thf; niel/uls will be deposited. When this metal 
has been deposited the- next one m the potential 
scries will bo deposited by raising the potential. 

This method of analysis was suggested by 
Kiiiani in 1883, and was further elaborated by 
I'Teudenberg working in Ostwald's laboratory 
(Zeit physikal, Chem. 12, 97). But it was 
H J. «. .Sand {Ti‘ans Fhem. ,Soc. 1907, 373) 
who first worked out the method and used the 
a]»])aratus with the rotating cathode already 
iiKUitioned. The potential is kept at constant 
v.diic by means of an auxdKviif clechode. Such 
an auxiliary eleetiode, designed by Sand, is 
illustrated in Fig. 05. It is a mercury-mercurous 
sulphate 2A-RulphuTjo acid electrode. The 
distiRctivc feat lire \)f the electrode is in the funnel 
F, and connecting glass tube a», 3'lie two-way 
lap allows the funnel f 
to be connected with 
either limb of the glass 
tube AB, or closes all parts 
from each other. The 
limb A ])ermanently con- 
tains the 2 A -sulphuric 
acid solution of the elec- 
trode. But the limb b 
is tilled for each experi- 
Calhodc funnel f 

with a suitable connect- 
ing liquid, generally 
soihum sulphate solution. 
The end of e is made of 
thin tube of about mm. 
bore, and is bent round 
several times to minimise convection. Whdo 
the electrode Ls in use, the tap, which must 
be kept free from grease, is closed, the film 
of liquid held round the barrel by capillary 
attraction, making the electrical connection, 
but towards the end of a determination, a few 
drops are run out in order to expel any salt 
wliich may have diffused into the tube. 

Electrical connect ions . — For separations by 
graded potential the electrical connections must 
be made as shown in Fig. fib a and ft. The 
bi,ttery is connected directly to the two ends of 
a sliding rheostat, the electrolytic cell to one 
of them and the slider. It is essential that 
the sliding contact should be good. The 
arrangement adopted for the measurement of 
the potentiai-dineronce auxiliary electrode- 
cathode is one which has been frequently em- 
ploy od in electro-chemical research. The elec- 
tromotive force to be measured is balanced 
against a known electromotive force by means 
01 a capillary electrometer. The known electro- 
motive force is drawn from a slidW rheostat, 
the ends of which are connected with one or 


Electrometer 
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two dry cells. The value of the E.M.F. is Classification of the Metals for Electro- 
read directly on a delicate voltmeter (range analytical Purposes. 

1 *6 volts). For potential differences greater Most metals can be deposited satisfactorily at 
than 1’6 volts, a Helmholtz 1-volt instrument the cathode, particularly since the introduction 
may be interposed between the auxiliary elec- of the mercury cathode and of the graded poten- 
trode and the rheostat. The arrangement tial methods. Theoretically, by ^^rading the 
allows the voltage to bo measured almost potential, it should be possible to separate any 
instantaneously, which is a matter of great one metal from another. Indeed, in many 
importance. cases, this can be done, but there are cases in 

To carry out an experiment, the cathode, which the potential differences at which two 
anode, and auxiliary oli'ctrode are placed in metals can be deposited, that is to say, the 
position, the electrolyte is heated to the recpiired niinimiim potential at which they will both be 
temperature, and covered with a set of clock- deposited, lie so close together' that it is not 
glasses havmg suitable openings for the elec- possible to so ailjust the conditions that a 
trodos. For the purpose of a Ki'jiarat-ion, the ecparation can bo effected, 
current is usually started at a bout 11-4 amperes, Gnoui* 1. — Copper, silver, mercury, gold, 
and the potential of the auxiliary electrode palladium, rhodium, platiniyn, iridium, bismuth, 
noted. As a rule, this is only slightly above the antimony, tin, (arsenic), tellurium. Th(^e 
equilibrium potential. The current is then metals are more electronegative than the 
regulated so that the potential of the eleetiode hydrogen electrode, and, consequently, can 
may remain constant. Wlieri no side-rcactions theoretically be deposited quantitatively from 
take place, the current falls to a small residual acid solutions. 

value (generally about 0 '2 ampere), as the metal Group II. — Cadmium, zinc, and indium, 
to bo separated disappears from the solution Those metals are more electropositive than 
The auxiliary electrode is then allowed to rise hydrogen, but, owang to the supertension of 
0‘l-0‘2 volt, according to Cio metal. the hydrogen evolution m acid solution, it is 

It is obviously a matk'r of great importance actually possible to deposit them from weak 
to know when all the metal has bei'ii deposited acid solutions. 

Under the conditions pist af^umed, the a^iount Croup 111. — Iron, nickel, cobalt. These 
deposited per unit of time may be lalom as metals are more clcctrcqiositivo than hydrogen, 
roughly pi’oportional to tlu^ amount still m solu- but, as the supertonsion of hydrogen is very 
tion. This being so, it follows that the amount low, these metals comiiot be deposited completely 
in solution will decroasc m geometrical ratio from acid solutions. They can, however, bo 
during successive equal nitorvals of time. 11 deposited from acid solutions if a mercury 
we, therefore, make the safi* assumption that cathode is employed. 

the concentration of (ho metal has fallen to Group IV. — The metals of this group can 
under 1 p.c. of its original value in the tim<‘ either be deposited as oxides at the anode, or 
during which tlie potential and the current have as oxides at the cathode. Tlui group comprises 
been brought to their final value, it is clear the following metals : lead, thWlium, manga- 
that by continuing the experiment half as long nose, ohiomium, molybdenum, uranium. Sc«ae 
again, the concentration of the metal will fall of them can, however, be satisfactorily deposited 
to under O’l p.c., so that the deposition can be as an amalgam on a mercury cathode, 
considered linished. Group V. — The metals of this group are the 

In cases where sidc-reaetious occur, the most strongly electropositive, and can only bo 
current does not fall to zero, but it generally deposited by using a catho^ of mercury ; but 
attains a constant value which allows it to be even then it is not possible in all cases to obtain 
seen when all the metal has been removed. In a quantitative separation. The metals of this 
certain oases this can be tested for chemically, group are aluminium, gluciuum, calcium, 
and by continuing the experiment for about strontium, barium, magnesium, potassium, 
half as long again as this reaction demands, the sodium, lithium, rubidium, csesium. 
metal may be safely assumed to have been Group VI. — These are all anions, and their 
deposited completely. This method may be e.stimation has been rendered possible mainly 
adopted, for example, m the separation of lead through the work of Edgar Smith, who com- 
from cadmium, the former being roughly tested pletely deposits the metals by means of a mercury 
for by sulphuric acid. If none of these methods cathode and estimates the anions by titration or 
is available, the metal must be deposited to other appropriate method. The most important 
constant weight, or else th« separation must be anions analysed by this method are F', 01', Br', 
carried out under \Lry carefully defined con- T, SO4", COs", Fe(GN)B"", Fe(CN)8'", PO4", 
ditions for a length of time proved by previous NO3'. 

experiment to be more than sufficient. • It lias not been found possible to analyse 

Sand has simplified the apparatus necessary organic anions by electrolytic methods, because 
for the potential measurements by fitting all the they are either decomposed or various reactions 
apparatus required for the measurement of the more or less complicatSd take place. ^ Thus, 
electrode potential into a single box. Full par- for example, when the acetate anion is given up 
ticulars will be foui d in Trans. Faraday Soc. at the anode, ethane is produced, which, of 
1909, 162. course, is given off in the form of a gas. 

F. M. Perkin uses the apparatus depicted in • 

Fig. 67 for working with graded potentials. The ^ , 

vessel containing the electrolyte has a tube gand (Trans. Chem. Soc. 1907, 383) has 
fused into the side. Into tffis side tube the ‘theoretically and practically worked out the 
oapillai^ end of the auxiliary electrode is conditions neces^ry for obtaining adherent metal 
inserted, denosita. ' 
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in metal separations, the solution is allowed 
to run out until its level drops almost to the 



end of the anodi*. Fiosli water is then run in, 
and the operation repeated until the ammeter 
noodle pomta to zero. For [lurposes of steadi- 


Rattery 



Fig. 6d. 


ness the vessel is held between clips on a copper 
plate. 

I\y means of the merouiy 
cathode not only can the cations 
be lajiidly and accurately deter- 
mined, but also the amons re- 
maining in the solution. 

Various substitutes for plati- 
num electrodes m electro-ana- 
lysis have been suggested {see 
Nicolardot and Boudot, Bull, 
fcioc. chim. 1918, [iv,] 23, 387), 
e.g. gold, gold-platinum alloys, 
copper, and certain proprietary 
iron-Mloys. An alloy of gold (7) 
and platinum ( 1 ) serves well in 
all circumstances for cathodes. 
As anodes such electrodes are 
less ^satisfactory and must not 
be used for the ^nodic deposition 
of load, nor with cyanide elec- 
. V . fJ*olyte8, unless electro -plated 
with platinum. In ammoniacal solution such 
eleotrodes acquire a light tfrown colour, and 



increase slightly in weight, but return to 
their original weight and appearance when 
heated to 300'^ (Analyst, 1919, 38). 

Method of Graded Potential 
Each metal has a particular potential at 
which it begins to bo deposited ; below this 
potential it is not possible to deposit the metal, 
it follows, therefore, that when dealing with a 
solution containing the salts of two or more 
metals it will be possible, provided the deposition 
potentials of the metals do not lie too near 
together, to deposit tlic metals separately, by first 
working with the lowest potential at which one of 
thf; niel/uls will be deposited. When this metal 
has been deposited the- next one m the potential 
scries will bo deposited by raising the potential. 

This method of analysis was suggested by 
Kiiiani in 1883, and was further elaborated by 
I'Teudenberg working in Ostwald's laboratory 
(Zeit physikal, Chem. 12, 97). But it was 
H J. «. .Sand {Ti‘ans Fhem. ,Soc. 1907, 373) 
who first worked out the method and used the 
a]»])aratus with the rotating cathode already 
iiKUitioned. The potential is kept at constant 
v.diic by means of an auxdKviif clechode. Such 
an auxiliary eleetiode, designed by Sand, is 
illustrated in Fig. 05. It is a mercury-mercurous 
sulphate 2A-RulphuTjo acid electrode. The 
distiRctivc feat lire \)f the electrode is in the funnel 
F, and connecting glass tube a», 3'lie two-way 
lap allows the funnel f 
to be connected with 
either limb of the glass 
tube AB, or closes all parts 
from each other. The 
limb A ])ermanently con- 
tains the 2 A -sulphuric 
acid solution of the elec- 
trode. But the limb b 
is tilled for each experi- 
Calhodc funnel f 

with a suitable connect- 
ing liquid, generally 
soihum sulphate solution. 
The end of e is made of 
thin tube of about mm. 
bore, and is bent round 
several times to minimise convection. Whdo 
the electrode Ls in use, the tap, which must 
be kept free from grease, is closed, the film 
of liquid held round the barrel by capillary 
attraction, making the electrical connection, 
but towards the end of a determination, a few 
drops are run out in order to expel any salt 
wliich may have diffused into the tube. 

Electrical connect ions . — For separations by 
graded potential the electrical connections must 
be made as shown in Fig. fib a and ft. The 
bi,ttery is connected directly to the two ends of 
a sliding rheostat, the electrolytic cell to one 
of them and the slider. It is essential that 
the sliding contact should be good. The 
arrangement adopted for the measurement of 
the potentiai-dineronce auxiliary electrode- 
cathode is one which has been frequently em- 
ploy od in electro-chemical research. The elec- 
tromotive force to be measured is balanced 
against a known electromotive force by means 
01 a capillary electrometer. The known electro- 
motive force is drawn from a slidW rheostat, 
the ends of which are connected with one or 


Electrometer 
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ammonia. This formation of ammonia causes 
the deposit to be spongy and of a bad colour, 
when it is difficult to wash and weigh. For run- 
ning over-night about 2 c.c. extra of nitric acid 
should be added for every 100 c.c. of solution. 

The deposits obtained with sulphuric acid 
are generally not satisfactory, but of all the 
copper deposits that obtained from solutions 
containing potassium C3’anide is the most 
beautiful. 

Potassium cyanide ., — The colour of the 
deposited metal is pinkish red, and perfectl}' 
smooth. But, from other points of view, the 
deposition from cyanide solutions has no 
advantage over the deposits obtained from 
solutions containing nitric acid. The copper 
salt is dissolved in about 30 or 40 c.c. of dis- 
tilled water, and then a freshly prepared solution 
of potassium cyanide added, until the ]jreeipi- 
tate first produced is dissolved. Slightly more 
potassium cyanide than is necessary to dis- 
solve the precipitate should be used, hut any 
considerable excess must bo avoided. Generally 
speaking, from 1 to 1-5 grams of potassium 
cyanide should be used for every gram of copper 
salt taken. 

d’ho C.D. employed should be from 0-8 to 
1*2 amperes. The E.M.F. required in eold 
solutions will be found to be about b-fi volts ; 
in warm solutions, from 4 to«5 volts. Thc•^\'hole 
of the copper is deposited in 2 to 2| hours. 

Ra'pid methods,— V>y employing rotating 
electrodes, either rotating anode or cathooi*, 
copper ma^' be completely depo.sitcd in a few 
minutes. Thus Sand, by using his apparatus, 
was able to completely deposit the coppisr from 
()’26 gram copper sulphate in 0 minutes, the 
number of revolutions of the anode per minute 
being about 800 ; in that of h’lschcr the copper 
from 0‘3 gram copper sulphate was deposited 
in 10 minutes, the speed of revolution being 
1000 to 1200. In the one case a rotating anode 
was employed and in the other the cathode was 
rotated. The electrolyte in both cases contained 
free nitric acid. Cyanide sohi tions give, however, 
equally satisfactory results. 

Edgar Smith, by employing a rotat ing anode 
and mercury cathode, has deposited quantita- 
tively 0*789 gram of copper in 10 minutes, and as 
much as 0-3945 gram per 4 minutes, the solutions 
containing sulphuric acid. The advantage of 
the mercury cathode is that almost any electro- 
lyte can be employed equally satisfactorily. 
Indeed, the pure salt of the metal may be 
dissolved in water and electrolysed without the 
addition of any acid or other electrolyte. When 
the whole of the metal has been deposited, the 
solution is run off, and ma^ then be titrated in 
order to determine the anion, e.g. SO4''. 

Silver. , 

Silver can best be deposited from solutions 
containing potassium cyanide. From solutions 
containing other electrolytes it is apt to be de- 
posited in a crystalline feathery form, and conse- 
quently does not adhere well to the cathode. 
There is, however, a tendency for the results 
to be slightly too low when cyanide solutions 
are employed. It is very important that only 
the purest potassium cyanide bo used in making 
up the solutions. For 0-6 gram of a silver salt 
about 3-4 grams of potassium cyanide will 
usually be found sufficient. With a C.D. of 0*6 


to I'O ampere, and a temperature of 50'’-60®, 
the silver will be deposited in from 1 to 2 hours. 
Using a cold solution and with a C.D. of from 
0-2 to 0-35 ampere, the time required is from 
4 to 4-5 hours. The deposit should either be 
washed by siphoning, or the electjpde must be 
very rapidl^^ removed from the electrolyte and 
dipped into water, in order to avoid loss by the 
solvent action of the pota.ssium cyanide. 

With rotating electrodes the silver can be 
deposited within a few^ minutes. By using an 
auxiliary electrode and rotating the anode 
vigorously. Sand was able to deposit silver from 
ainmoniacal solutions in 7 to 8 minutes. 

Smith, by using a mercury cathode and 
rapidly rotating anode de])osit-ed 0-2240 gram of 
silver from silver nitrate in 4 minutes. At the 
commencement of the cqioration an anodic 
deposit of silver peroxide was obtained, 5bt 
after a minute or two tliis disappeared. 

Mercury. 

Many methods have been devised for pre- 
cipitating mercury on })latinum cathodes, and 
gomo of them give quite satisfactory results. 
When mercury is deposited on a platinum dish, 
or on a wire gauze electrode, it spreads evenly 
over the surface as a tlim metallic film, which, 
however, is inclined l-o run together as the 
amount of mercury on the electrode increases 
in quantity. After the mercury has been 
deposited, tlio electrode is washed with water 
in the usual way, then in absolute alcohol, and 
finally in absolute ether. Tlio last traces of 
ether may be removed by blowing dry air on 
to tlie electrode. 

On no account may the mercury -coated 
electrode be lieated. If the electrode is washed 
once in 90 p.c. alcohol, and then placed in a 
beaker of anhydrous acetond fpr a minute, it 
may then be dried without using ether. It is 
always advisable, before weighing, to place the 
electrode in a desiccator for 20 minutes. The 
desiccator should have a dish in it containing a 
little metallic mercury, because even at ordinary 
teniperatuK'B mercury volatilises to a small 
but appreciable extent. 

Tne mercury can he removed from the 
electrode by heating in the Bunsen flame, but 
owing to the tendency for electrolytically 
deposited mercury to alloy with platinum, the 
electrode is almost invariably marked with 
black stains, and a slight loss in weight takes 
place. For this reason some w*orkers prefer to 
plate the electrode with copper or silver before 
using. These difficulties are, however, entirely 
eliminated by using a mercury cathode; in fact, 
it is strongly recommended to employ always a 
mercury cathode when dealing with mercury. 

Many electrolytes have been suggested, and 
all give more or loss satisfactory results. Thus, 
the mercury salt may bo dissolved in water 
and electrolysed in presence of a small quantity 
of sulphuric, hydrochlorio, or nitric acid. With 
sulphuric acid, from 1 to 2 c.c. of the concen- 
trated acid are added to each 100 c.c. of 
solution, and electrolysis conducted with a 
C.D. of 0-3-0-8 ampere per square decimeter, 
W'hich is finally increased fo 1 ampere towards the 
end of the operation. With rotating Mectrodes, 
ourrents of from 4 to 6 amperes per square deci- 
meter may be employed. The temperature of the 
electrolyte may* be 50®-60®, but not higher. 
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Sometimes, owing to the reducing action of the j 
hydrogen given off at the cathode, mercurous 
salts are precipitated. The addition of small 
quantities of ammonium persulphate will cause 
them to go into solution again. 'J’he con- 
ditions with the other acids mentioned are 
very fimilav to those required for sulphuric 
acid. Potassium cyanide is not to be recom- 
mended, owing to slight solution of the anode 
taking place. 

Sodium snlphido gives very satisfactory 
results, but care must be taken to employ a 
very pure solution of salt. From 26 to 30 c.o. 
of the concentl'ated solution of sodium sulphide 
are required for every 100 c.c. of solution. The 
solution should be heated to about 05®, and for 
stationary electrodes a C.D. of 0'15-0‘26 ampere 
per square decimeter used. With rotating 
^octrodes from s'* to 6 amperes per square 
decimeter may be used. 

With mercury clectroth'S rotating anodes are 
almost invariably used, and high -current densities 
can be safely employed. The whole of the mer- 
cury can be deposited in from 15 to 25 minutes. 

Cinnabar may be dissolved in aqua regia, 
the solution evaporated to dryness. The 
residue is then taken up with water, filtered from 
gangue, and then directly electrolysed after the 
addition of a small quantity of nitric acid. 

Gold. 

Gold may be deposited from its solution 
in cyanide or in sodium or potassium sulphide, 
or in ammonium thiocyanate. The drawback 
to using potassium cyanido is the tendency for 
the anode to go int.o solution. But with low- 
current denaitjo.s, this only takes place to a 
small extent. The solution is made up by 
adding rather more than the quantity necessary 
of potassium cyaeido to bring the gold salt into 
a clear solution. With stationary electrodes 
a# C.D. of 0-6-0’8 ampere is employed at a 
temperature of 50®-60®, the metal being de- 
posited in the course of 2 to 3 hours. With 
rotating electrodes a current of about 3 amperes j 
may be employed, when the metal will be ! 
deposited in about 30 minutes. 

Sodium /mlphtde . — From 20 to 25 c.o. of a 
saturated solution of sodium sulphide are used 
for every 100 c.c. of solution. With a C.D. of 
from 0*1 to 0-3 ampere the metal will be de- 
posited in from 4*6 to 5*5 hours. With rotating 
electrodes and high -current densities, the results 
are too high, owing to deposition of sulphur 
along with the gold. 

Ammemium thiocyanate . — 5 to 7 grams of 
ammonium thioycanate are dissolved in about 
80-90 c.o. of water at 70* to 80®, and the gold 
solution run slowly in with constant stirring. 
The clear solution is electrolysed at a temperature 
of 40®-50® with a C.D. of 0-2-0-56 ampere, the 
metal being deposited in from 1-5 to 2 hours. 
This method has not been tried with rotating 
electrodes. The precipitation of small quantities 
of yellow canarine in the electrolyte during 
electrolysis does not interfere with the reaction. 

E. F. Smith obtains good results by electro- 
lysing a gold chloride solution, using a mercury 
cathode. In order to prevent the chlorine 
evolved attacking the anode, fr^m 10 to 12 c.c. 
of toluene are added. The time required to 
deposit 0’16-4)*2 gram of gold is about 5 to 
7 minutea- 


Most solvents for gold will also attack the 
platinum cathode. Aqua regia^ for example, 
cannot be used to dissolve the gold from the 
platinum. F. M. Perkin recommends a dilute 
solution of potassium cyanide to which is added 
4-5 c.c. of hydrogen peroxide, or from 2 to 3 grams 
of an alkaii persulphate. On gentle warming 
the deposit is removed in a few seconds. 

2Au+4KCN-fH20,=2KAu(CN)a-f2K0H. 

Platinum. 

Like gold, platinum can be deposited from 
solutions containing free mineral acids, but 
unlike gold, which from these solutions is 
dcpo.sited in a non-adherent form, H may be 
deposited with very feeble currents in a hard 
and regiiline condition. With high currents and 
with stationary electrodes the metal is always 
deposited as platinum black. With a current 
of from 0 01 to 0 06 at a temperature of 50®-60®, 
about 0-1 gram of platinum can be deposited in 
4-5 to () hours. Julia Langness (J. Amer. 
Chem. Soc. 1907, 459), by using a rotating 
cathode, deposited 0-2 gram of platinum from a 
solution of KoPtt/'lg m 5 minutes. But the 
current, 17 amperes, must be looked upon as 
excessive for analytical purposes. 

Before depositing platinum it is advisable to 
coat the cathode with silver. 

Imodium. ^ 

Ttiia metal may be deposited on to a silver- 
coated electrode from solutions acidified with 
phosphoric acid. A current of 0*18 ampere 
is used. As the process continues, the purple 
colour of the solution gradually disappears and 
becomes colourless, when the deposition is 
finished With a rotating anode the metal 
may be depo.'^ited from solutions weakly acidu- 
lated with sulphuric acid in about 16 minutes 
with a current of 8 amperes, and with a current 
of 14 amperes in 5 minutes. The deposited 
melal has a black colour, but is quite ad- 
herent. 

Palladium. 

In order to obtain a den.se and firmly 
adhering deposit of this metal from acid solu- 
tions, it is, according to Am berg (Zoit. f. 
Elektrochem. 1904, 386, 863, and Annalen> 
1905, 236), necessary that the potential should 
not exceed 1*26 volts, B’lth stationary elec- 
trodes the process is very slow, and polarisation 
at the anode takes place, owing to the formation 
of oxy- compounds. On the other hand, by 
using a rotating electrode and solutions of 
palladium ammonium chloride with 30 p.o. by 
weight of sulphuric acid and a C.D. of from 0*23 
to OAO ampere, as much as 0*3-0 *9 gram may 
be dejxisited in from 3*6 to 5 hours. 

Julia Langness, by using currents of from 
16 to 17 amperes, and an ammoniacal solution, 
ha8 obtained quantitative deposits in from 3 to 
6 minutes. 

Antimony. 

This metal may be deposited from its thio- 
salts, particularly sodium thioantimonite, a 
method originally suggested by Classen. During 
the electrolysis there is, however, a danger, 
owing to the deposition of sulphur at the anode, 
for sodium thioantimoniate to be formed, and 
this prevents the quantitative deposition of 
the metal. A. Fischer (Ber. 1903, 2174) recom- 
mends the addition of potassium cyanide to the 
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electrolyte, which prevents the formation of the j 
thioantimoniate, thus: 

NjS4+3KCN=3KCNS+NaaS. 

There is one difficulty when sodium sulphide 
is use^l — the results obtained are usually shghtly 
too high. This is due to the occlusion of small 
quantities of sulphur along with the metal. 
For this reason large quantities of metal should 
not be deposited by this method. The antimony 
salt is dissolved in 60-80 c.c. water made just 
alkaline with sodium hydroxide, any precipitate 
being ignored, then 20-25 c.c. of a fresh saturated 
solution of sodium sulphide added, and 2*6-3 
grams of potassium cyanide. The solution is 
then electrolysed at from 30°-40®. With j 
stationary electrodes the metal is deposited in | 
from 4*6 to 0 hours ; when rotating electrodes 
are used, in .30 to 46 minutes. 

F. M. Perkin and II. 1 ). Law (Trans. Faraday 
Soc. i. 262) recommend neutral tartrate solu- 
tions. The antimony salt is dissolved in water, 
and from 8 to 10 grams of ammonium tartrate 
added ; if necessary, tlio solution is neutralised 
with dilute ammonia. At a tempc'rature of 
from 70® to 80°, and a O.D. of 0-26-0-55 the metal 
can be deposited Mith stationary electrodes in 
from 2*5 to 3 hours. ' 

Sand (Chem. Soc. Trans, 1908, 1672) dis- 
solves the metal in 20 c.c. of^iot cone, sulphuric 
acid, and dilutes the cold solution to 80 c.c. 
The solution b<‘comes turbid owing to hydro- 
lysis, but this disappears during the electrolysis, 
and does not affect the result. The auxiliary 
electrode potential is kept at from 0*65 to 0*05, 
but may be increa.'^od to 0*75 toward the cml 
of the process. The time required to deposit 
0*35-0*46 gram of metal is from 20 to 35 minutes 
with an anodic rotation of about 800 revolutions 
per minute. Small quantities of hydrazine 
sulphate (0*5-0*0 gram) are added to reduce 
any antimonial salts which may be formed. 
Bismuth. 

Until the adx cnt of rotating electrodes, and 
articularly of the method of graded potential, 
ismuth was one of the most difficult metals 
to deposit, since it almost invariably came 
down in a powdery and non-adhoront form. 
These remarks do not apply to the mercury 
cathode. According to Kollock and Smith 
(J. Amer. Chem. Soc. 27, 1539) to a solution 
containing about 0*2 gram of the metal as nitrate, 
the volume of which should not exceed 12 c.c., 
0*5 c.c. of strong nitric acid is added. A current 
of about 4 amperes is passed, and the whole 
of the bismuth will bo precipitated in from 12 
to 15 minutes. Tiie anode should be very 
rapidly rotated, so that th3 mercury may take 
up the bismuth as it separates, otherwise it 
may collect in a black mass beneath the anq^le. 

Sand (Chem. Soc. Trans. 1907, 373) uses a 
solution containing tartaric acid ; any excess of 
nitric acid, which may bo in the original solution, 
is removed by the addition of sodium tartrate. 
By means of the auxiliary electrode, the cathode 
potential is maintained between 0*63 and 0*9 
volt. The anode is rotated at 800 revolutions 
per minute. In one ease the amount of metal in 
the solution was 0*2 gram, 2 '5 c.o. of nitric acid 
(1:4) was added, and 8 grams of sodium tartrate. 
With a current varying from 0*2 to 3 amperes the 
metal was deposited in 9 minutes. 


I A. Fisher uses an deotrolyto contaii^ 
for each 0*6 «ani metal, 10 warns of potassium 
oxalate, and 6 grams of Rochelle salt. By 
means of an auxiliary electrode, the cathode 
potential is kept at 0*8 volt. Temperature of 
solution, 75°; time required, 11 to 15 minutes. 
Tin. • 

Tin can be satisfactorily deposited from an 
ammonium sulphide solution. Sodium sulphide 
is not satisfactory ; indeed, tin is not thrown 
out from strong solutions at all. Hence, we 
have here a mcthofl of separation of antimony 
and tin. If the tin solution is ^cid, it is first 
neutralised with ammonia, and then sufficient 
yeUow ammonium sulphide is added to dissolve 
the precipitate and form a clear solution. With 
stationary electrodes and a current of 1*0-1 *8 
amperes, the tin will be deposited in from 3 to 
4 hours. • 

With rotating electrodes the metal can be 
deposited in from 15 to 35 minutes, depending 
upon the current employed, and the temperature 
of the electrolyte. Currents of from 1*8 to 8 
amperes have been successfully employed. 

A mercury cathode also gives very ^ood 
results. The tin salt is dissolved in dilute 
sulphuric acid, and electrolysed with a current 
of from 2 to 6 amperes. From 0*6 to 0*8 gram 
can bo deposited in from 8 to 12 minutes. 

When platinum electrodes are employed, 
considerable difficulty may be experionoed in 
removing the deposit. The simplest method 
is to make the electrode on which is the deposit, 
the cathode in dilute sulphurio acid, a piece of 
copper wire serving as catliode. Some workers 
j prefer to coat the electrode with copper, and then 
the copper with tin. the tin being deposited from 
an ammonium oxalate solution ; this proceeding, 
however, is tedious. • , 

Tellurium. 

Finely powdered tellurium is dissolved in*a 
few c.c. of cone, sulphuric acid. The white 
anhydride so obtained is washed with a little 
freshly boiled water into the electrolysing vessel, 
and then 80 c.c. of a 10 p.c. solution of pyrophos- 
phoric acid or sodium pyrophosphate added. 
The solution is then •leotrolysed with a C.D. of 
0*J ampere. Time of deposition, 4 to 5 hours 
When a rotating electrode is employed, the time 
of deposition is much accelerated. 

GitOTTP Il.-^Zino. 

Zinc IB rather a difficult metal to deposit 
satisfactorily and quantitatively, and a very 
large number of methods have been suggested 
by different workers. Although it is -f-0*77 
volt more positive than hydrogen, it can be 
deposited from slightly acid solutions, owing to 
the high supertension of hydrogen evolution 
from the surface of zinc, the supertension of 
hydrogen beinjj 0*70 volt. 

With zino it is advisable always to employ 
rotating electrodes. The electrodes need not, 
however, be made of platinum ; nickel, par- 
ticularly in the form of gauze, answers equally 
well. 

Price and Judge (Trans. Faraday Soo. 1907, 
88) use an electrolyte containing sulphurio 
acid which must not be moVo than^A^ and sodium 
sulphate. • • 

It is, in fact, better to keep the normality 
of the acid rather lower than one- sixth. By 
starting with a C.^). of 0*26 ampere and increasing 
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to 2'0 amperes about 0-2 giam of metal can be 
deposited in 40 minutes. 

Owing to acetic acid being much less dis- 
sociated than sulphuric acid, solutions containing 
considerable quantities of this acid may be used. 
Thus, Exner (J. Amer. Chem. Soc. 1903, 898) 
deposited d’26 gram zinc with a current of 4 
amperes in 15 minutes. The electrolyte con- 
tained 3 grams sodium acetate and 0-.30 p.c. 
acetic acid. A. Fischer (Chem. Zeit. 1907, 25) 
takes 1 c.c. cone, sulphuric acid, 3*6 c.c. ooiic. 
ammonia, 1*6 c.c. acetio acid, and 2*6 grams 
ammonium acetate. A. Classen (Quant. Analyse 
d. Elektrochem. 1807, 16C) uses a solution of 
potassium oxalate, the zinc solution is added 
to a solution of from 4 to 5 grams of potns.siuru 
oxalate. As soon as the eh'ctrolysis has started, 
it is advisable to <idd a few c.c. of a 1 p.c. 
elDlution of oxalic acid. Ammonium salts must 
be absent. 

Kollock and Smith use a mercury cathode, 
and a solution of zinc sulphate or zinc sulphate 
acidified with sulphuric acid. 

Zinc adheres somewhat firmly to platinum 
electrodes, and, if left on for some time, seomn 
to alloy with the electrodes. If, however, it 
i.s removed shortly after the electrolysis, no ill 
effect is produced. The best method to remove 
the deposit is to warm the electrode in a strong 
solution of sodium hydroxide. 

Cadmium. 

Although cadmium is electropo.^iitive to 
hydrogen by as much as 0-42 volt, yet, owing to 
the high Bupertension of hydrogen with this 
metal, it is possible to deposit it from acid 
solutions. Owing, however, to the depolarising 
action of nitric acid, nitrates should not be 
present ; on the other hand, small amounts 
of chlorides dq nftt seem to matter. 

Cadmium may be deposited from solutions 
containing small quantities of free sulplmric 
acid. It is usuall^y advisable to add, after the 
bulk of the cadmium has been deposited, the 
equivalent amount of sodium hydroxide to 
neutralise the sulphuric acid which has been 
set free through the deposition of the metal. 
In 100 o.c. of solution. 1 c.c. of concentrated 
sulphuric acid may be added before commencing 
the electrolysis. With stationary electrodes and 
a current of 0*1 to 0-35 ampere, the metal is 
deposited in from 3 to 4 hours ; M ith a rotating 
electrode and a current of 4 to 6 amperes, the 
deposition is complete in 20 minutes. The 
deposition from cyauide solutions is the simplest 
and most easy to carry out. A solution of 
potassium cyanide is added to the c.admium 
solution until the precipitate fir.st jiroduccd is 
dissolved, and then about half the (juantity 
already added is run in. It is advisable also to 
add ubout 2 c.c. of a normal solution of sodium 
hydroxide. With stationary electrodes and a 
current of 0*16-0 *36 ampere at a tomporaturo 
of 60", the deposit is complete in from 4*5 to 
6*6 hours ; with rotating electrode and a 
current of from 6 to 8 amperes, in from 16 to 
30 minutes. 

Gkottp III.— Iron. 

It is not often that the analyst requires to 
deposit fton clcctrolytically, owing to the very 
satisfactory methods of titration and precipita- 
tion. Iron cannot bo deposited from acid or 
even from neutral salt solulioif upon a jilatinum 


electrode, owing to its being so much more 
electropositive than hydrogen — 0-34 volt, while 
the Bupertension of hydrogen is only 0*08 volt. 
Kollock and Smith (Proc. Amer. Phil. Soo. 44, 
149, and 46, 261) have, however, succeeded in 
depositing iron from weak acid solutions by 
means of a mercury cathode, the iron as it is 
deposited amalgamating with the mercury. 
The method described by these authors is as 
follows : — 

Five c.c. contained 0*2075 gram of iron. 
Three drops (40 drops=l c.c.) ot concentrated 
sulphuric acid were added to it, when it was 
electrolysed with a current of 3 to 4 amperes 
and 7 volts. The anode made from 500 to 900 
revolutions per minute. 'J’he iron was com- 
pletely deposited in 7 minutes. The water 
was then siphoned off and the amalgam washed, 
as in all previous cases, with alcohol and water. 

From its oxalak', tartrate, or citrate solutions, 
iron may be satisfaetovily deposited, but in all 
cases traces of carbon are dopo.sited along with 
l,he mel,al. By employing low-currcnt densities, 
1-ho amount of carbon deposited from oxalate 
and tartrate solutions is negligible, but Irom 
citrates the results are almost always consider- 
ably too high. 

Ammovium oxalate. — This method was first 
.suggested by (lassen {Zoit. f. Eh'ktrochcm. i. 
288), •and is the o.ic most generally employcal. 
The iron solution, which should be free from 
chlonde-s and nitrates, must bo poured into the 
solution of amnionnim oxalate, if it is in a 
ferious condition, otlu'rwise a precipitate of 
ferrous oxalate may be formed which is difficult 
to dissolve. With ferric salts the order of 
adding does not mai-ter. 

Dissolve 6-7 grams of ammonium oxalate 
or auid ammonium oxalate in a small quantity 
of hot water, and to this add the iron salt also 
dissolved in a liltle water. The bolution is 
then made up to the required hulk, and electro- 
lysed with a C.D. of from 0*8 lo T2 arnpere.s. 
Time of depo.sit from cold .solutions and with 
stationary electrodes, 4 to 5 hours; from 
solutions at 60®-00*, in 2 to 2*5 hours. As thi* 
electrolysis proceeds, it will .sometimes be 
noticed that a sm.iil quantity ol ferric hydroxide 
separates. 'J'his is due to tiio solution becommg 
slightly alkaline, owing to the decomposition of 
the oxalate by the current. {Should the hydrox- 
ide be thrown out, small quantities of oxalic acid 
must be added. 

With rotating electrodes the time of electro- 
lysi.s is from 14 to 20 minutes. 

With tartrate solutions the results are equally 
good. The method of procedure is similar lo 
that described for ftxalates, ammonium tartrate 
being used in plaoe of the oxalate. I’ho 
ac^vanta^o of the tartrate method is that 
ferric h varoxide is never deposited ; consequently, 
it is not necessary to add tartaric acid, and thus 
less attention is required. 

Nickel, 

Nickel and cobalt are difficult to determine 
by general analytical methods, but they can 
both be readily and accurately analysed by 
olectroeliemical means. 

Although many methods have been suggested 
for the deposition of nickel, few of these are 
of practical importance. Most of them depend 
upon the use of the salts of organic acids. In 
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such cases there is a tendency for traoea of 
carbon to be deposited with the metal. 'J’he 
most useful and generally applicable method 
for depositing nickel is that of Erosenius and 
Bergmann (Zeit. f. Anal. Chem. 33, 9), in which 
the double salts of potassium and nickel or 
ammonium sulphate together with excess of 
ammonia are used. 

The nickel salt is dissolved in water and 
mixed with an aqueous solution of from 4 to 5 
grams of ammonium sulphate, and from 30 to 
35 c.o. of strong ammonia. If more than 1 gram 
of the nickel salt is employed, larger quantities 
of ammonia should ho added. As, however, 
large quantities of strong ammonia are apt to 
contaminate the atmosphere, it is better to 
work with smaller quantities of nickel. Nitrates 
should be absent, as their presence considerably | 
retards the rate of deposition. With a current j 
of 1-1 -5 ampere jier eq. dcm., the metal uill j 
be deposited in from 2 to 2-6 hours; at “a 
temperature of the time wdl be from ' 

1-6 to 2 hours; with rotating electrodes, in' 
from 16 to 30 minutes, depending upon the 
conditions and the form of apiiaratiis. The 
metal is usually deposited as a brilliant plating I 
on the electrode. The deposit is at times some- ! 
what diflicult to remove, and, owing to its 
appearance being rather like polished platinuni, 
it is not always easy to asceAain uhclhcr^t ha^ , 
been completely dissolved olf. The best method 1 
of removing the metal is to warm the electrode 
in moderately strong sulphuric or nitric acid.. 

Other methods employed arc the double 
oxalate method of Classen and Von Reiss 
(Ber. 14, 1022); ammonia and ammonium 
borate, by F. M. Perkin and W. (J. Prebblo 
(Trans. Faraday Soc. 1904, 103). Kollock and 
Smith (Proc. Amor. Phil. Soc. 45, 262) have 
used a mercury cathode successfully, the time 
of deposition being from 7 to 20 minutes. An 
amalgam of 40 grams mercury and 1 gram 
nickel has the consistency of soft dough, and is 
bright in appe.' ranee. 

Cobalt. 

Cobalt may bo dcjiosited from an ammonium 
sulphate, ammonium hydroxide solution aimilai 
to that usad in the case of nickel. But as a 
rule the results obtained are too low, owing to 
the tendeuoy for peroxide to be formed on the 
anode. 

F. M. Poricin and W. C. Prebble (Tran.s. 
Faraday Soc. 1905, 103) use a solution con- 
taining dihydrogen sodium phosphate and 
phosphoric acid. The solution is made up by 
adding 2 c.c. of a 6 ; .c. solution of phosphoric 
acid to the solution of the cobalt salt in 70-80 c.c. 
water and then 20-25 c.c. ot a 10 p.c. solution 
of dihydrogen sodium phosphate. The elec- 
trolysis should be commenced cold with* a 
current density of 0-2-0-3 ampere per sq. dcm, ; 
after about 60 minutes the solution is warmed 
to 50® or 60®, and the current increased to 1 *2 
ampere. If, as often happens, some peroxide is 
deposited on the anode, it can be removed by 
the addition of 0’2-0’o gram of hydroxylamiiie 
sulphate. After the solution has become 
colourless, about 1 o.o. of A/1 -ammonia should 
be added. The time necessary with stationary 
electrodes is from 4 to 6 hours. The depqsit 
ii extremely bright, resembling polished 
platinum. 


The only methods which have been tried 
with rotating electrodes are solutions containing 
ammonium acetate and solutions with sodium 
formate. With currents of 8 amperes, L. Kol* 
lock and E. F. Smith (J. Amer. Chem. Soo. 
29, 797) succeeded in depositing ^’3 gram of 
cobalt in from 30 to 40 minutes. 

(Jkoijp IV.— Lead. 

Owing to its ready oxidisability, it is difficult to 
deposit lead sati.sfactorily on the cathode. Except 
in cases of separation from other metals, indeed, 
it is of no advantage to deposit it at the cathode. 
Sand has, however, found it a conweniont method 
to separate lead from cadmium and bismuth 
(Cliem. Soc. Proc. 22. 43). 

From dilute solutions of nitric acid lead is 
partially deposited as motal on the cathode, 
and partially as peroxide St the anode. It is 
therefore nece.ssary to have about 20 o.o. tif 
nitric acid (1 : 4) to every 100 c.c. of electrolyte. 
Arsenic, manganese, selenium, and bismuth 
should be absent, and according to Vortmann 
(Annalcn, 351, 283), antimony, silver, mercury, 
zinc, iron, cobalt, aluminium, and the alkali 
metals also cause the results to be high. Chromic 
acid fc4iould also be absent, and phosphoric acid 
retards the deposiTion. The lead salt is dis- 
solved in water, and from 25 to 30 c.c. of strong 
nitric acid added. The electrodes used, whether 
stationary or rotating, should be roughened by 
the sand blast. With stationary electrodes 
and a current of from 1-3 to 1*8 ampere at a 
temperature of 60*-70®, the deposition will be 
complete in from 1 to 1'6 hours. At the com- 
mencement of the electrolysis a yellowish 
deposit is obtained which becomes orange or 
red, and finally dark- brown or black. 

With rotating electrodes, tho time of deposi- 
tion is from 10 to 26 minutes. * • 

At the end of the electrolysis the electrode 
is well washed by placing it in hot water, then 
I washed with alcohol and ether, and heated to 
1 220® in the air-bath for an hour. It must be 
cooled in a desiccator ; the weight of the 
deposit is multiplied by the l^aotor O*860. 

The best method to remove the deposit from 
the electrode is to warm it with equal volumes 
of nitric acid and water to which 4 -5 grams of 
glucose has been added. 

Lead does not give satisfactory results with 
a mercury cathode. 

I Manganese. 

1 Manganese can only be deposited as oxide 
at the anode. It is, however, muoh more 
difficult to deal with than lead, as the deposit 
is apt not to adhere well. It is absolutely 
I essential to employ roughened electrodes. 
Mineral acids cannot be employed. The most 
[satisfactory electrolyte is one containing am- 
, monium acetate, and Engels (Zeit. Elektroofiem. 
jii. 413) has shown that tho addition of small 
I quantities of chrome alum helps to cause the 
; deposit to adhere more firmly, probably owing 
tQ a depolarising effect. The manganese salt 
is dissolved in 40-50 c.o. of water, f-10 
of ammonium acetate added, and the solution 
electrolysed at a temperature of 76®-80®, with 
a current of 0 6 to 1 ampere. Tl^ depo- 
sition will be complete in from 1*5 to 2 
hour’i. 

With rotating electrodes the time will be 
about 30 minutest In this case it is as well to 
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add 10 o.c, alcohol to prevent frothing (J. Koster, 
Zeit. f. Elektrochem. 10, 563). 

The best way to ascertain if all the manganese 
has been deposited, is to employ the per- 
manganate test. Withdraw 1 or 2 c.c. of the 
solution, add 3 c.o, cone, nitric acid, and about 
1 gram of red lead. Boil for a minute or two 
and dilute. A pink colouration indicates that 
the whole of the manganese has not been 
removed. 

When all tlio manganese has been deposited, 
the electrode is washed as usual, and then 
strongly heated in order to convert the hydrated 
manganose peroxide into trimanganose tetroxide 
Mn804. It is necessary to heat uutd the black 
deposit becomes a dull orange rod. The weight 
of the deposit multiplied by 0-72 gives the 
A^eight of metallic manganese. 

Chromium. 

This metal cannot he deposited on the 
anode as peroxide ; n(;jther under ordinary 
conditions is it possible to obtain a cathode 
deposit. Kollook and Smith (Trans. Amer. 
Chem. Soo, 27, 1905, 1255) have succeeded in 
depositing it in the form of an amalgam by 
employing a mercury cathode. 'J’ho electrolyte 
consisted of dilute sul}>hurio acid. With a 
ourrent of 1-3 amperes 0*12 gram was deposited 
in 20 minutes. This method is useful for 
separating chromium from aluminium, which 
latter metal is not deposited as an amalgam. 

Classen (Ber. xrvii. 2000) oxidises 
chromic salts to chromates in an ammonium 
oxalate solution. 'J'his method is useful for 
separating chromium from iron, nickel and 
cobalt, and in the analysis of ohromium steels 
and of chioiuo iron ore. The chromic acid pro- j 
ducod can be Of^tiinated iodometrically or by 
];)recipitation as lead or barium chromate. 

The solution containing the iron and 
chromium salt has excess of ammoniimi oxalate 
added to it, and if free mineral acid is present is 
neutralised with ammonia. It is then eleclro- 
lysed, when the iron is deposited at the cathode 
and the chromium oxidised to chi’omate, Tho 
iron, when deposited in preaeiioo of chromium 
imlts, is usually very brilliant like jiolishod 
platinum. When all ilie iron is d<*po.sil.ed, the 
solution is removed, iron deposit dried and 
weighed, and the chromium determined. If 
the whole of the chromio salt has not been 
oxidised iluring the deposition of the iron, tho 
solution" IS again electrolysed. By using a 
rotating anode it is possible to completely 
oxidise 0-16 g^ram of a cliromic salt, such as 
0^(804)3 or ^iClj in 90 minutes, the volume 
of the solution being 120 c.c. and the amount 
of ammonium oxalate 16 grams. The electro- 
lyte should ho heated to 80®, and a current of 
from 5 to 5-6 amperes employed (Elcktron- 
alytisohe Schncllmethoden, p. 180). 

Uranium. 

Uranium is deposited at the cathode .,8 
oxide from solutions containing acetic acid or 
ammonium caibonate. The deposit consibta 
of U304,3H30. At the end of the operation 
this is heated stroug’y to convert it into U,Og. 

Whwry and Smith (Trans. Amer. Chem. Soo. 
29, 806), by using a rotating cathode and an 
electrolyte containing in 125 o.c. 2-6-5-6 gram 
sodium aofttate, deposited 0*26 gram of uranium 
in from 16 to 30 minutes, the* current employed 


being 3-6 amperes, the electrolj^te being either 
cold or heated to 60'*. 

Molybdenum. 

From solutions containing dilute sulphuric 
acid, molybdenum can be deposited as peroxide 
at the cathode, but the deposit cannot bo 
weighed as such. Wherry and Smith (lYans. 
Amer. Chem. Soc. 29, 806), therefore, oxidise it 
by means of nitric acid and weigh as MoOg. 

Thallium. 

Many methods have been suggested for the 
electrolytic analysis of tliallium, but only one can 
be considered satisfactory, and that is, by using 
a mercury cathode. By depositing the metal 
into pure mercury, it is found that [.ortions are 
lost on weighing ; but if the mercury contains a 
small quantity of zinc, this is not the case. 
Smith recommends to deposit the zinc and 
mercury simultaneously. In order to do this 
a definite volume of zinc sulphate solution of 
known strength is added to tho solution before 
electrolysis. Tho eh'ctrolyte consists of dilute 
sulphuric acid. Tho amount of zinc necessary to 
protect tho thallium is very small, and need not 
be more than 0*001 grain. With a current of 
6 amperes it is possible to deposit as much as 
0*2 gram in about 10 minutes. It is, however, 
advisable to electrolyse for a longer time. 

Guour V.— Sodium. 

E. F. Smith ('i’rans. Amer. Chem. Soc. 26, 
1903, 890) was the first to show that tho 
metals of the alkali group could bo analysed 
electrolytically. Tho method is based on the 
removal of tho halogen anion of the metal by 
causing it to unite with silver, the alkali metal 
remaining in the solution as hydroxrJe is deter- 
mined by titration; ^ 

by oBcertaining tlu; ® 

increase in weight ui 
the silver anode, tlie jl 

halogen can be alsi; 

determined. I f*“**^^ 

An ingeiuous 
paratuB has been 
devised by Hildo- J | 

brand (Trans. Amer. I 

(diom. Soc 29, J9U7, J 

447) for the analysis r 

of the cations of t he I 

alkali metals, and of I 

barium and stron- L 

liimi ; and at the pjfc 

^.Jlle time of various ^ 

anions. In W 

"C, “I 

consists of 

a crystallising dish, 11 cm. in diameter and about 
5 cm. deep ; a beaker 6 cm. in diameter and 4 '6 
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cm. high, with ike bottom cut off, is placed inside 
and rests on a triangle of glass rod placed on the 
bottom of the crystallising dish. The beaker is 
kept in position in the middle of the dish by 
means of three rubber stoppers fitted radially 
between it and the outer dish. Two compart- 
ments are thus formed, which are sealed off by 
means of mercury. In the outer compartment 
there is a ring consisting of six turns of stout 
nickoJ wire, provided with throe logs dipping 
into the mercury and serving to maintain the 
lowest winding of the nickel about I cm. above 
the surface of the merciirv, when sufficient is 
placed m the disli to seal off the two compart- 
ments. By means of .i ]ilatmum wire passing 
through a glass tube the mercury is made tho 
cathode The anode consists of two discs of 
platinum gauze heavily plated with silver. 

Pure mercury must be used, and the coll 
must be kept scrupulously clean. Before 
starting tho cell, mercury is poured in so that its 
level is about 3 mm. above the lower edge of 
the inside beaker. The solution to be electro- 
lysed is then put into tho inner compartment. 

In the outer one enough distilled water to cover 
the nickel wire is placed, and to this 1 o.o. of 
a saturated solution of common salt. By this 
arrangement the amalgam formed in the inner 
compartment is immediately decomposed in 
the outer om'. The sodiiim chloride oerves 
merely to make tho liquid a conductor, so that 
the action raav proceed more rapidly al tho 
cqpiraoriooment. Unless thus is done, tho 
amalgam is not entirely decomposed in 
the outer compartment, because pure water 
does not attack it rapidly enough to prevent tho 
p rtial decomposition in tho inside cell. After 
the electrolysis is complete, the entire contents 
of the cell are poured into a beaker, tho ceU 
rinsed, and the alkali titrated. After titration 
the mercury is washed, the water decant^, and 

flio mo+ol __ /•_ . 
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analysed, provided, of course, that tho metallic 
salt is .soluble, and that the metal will form an 
amalgam with the mercury. In the case of 
the alkali metals and of strontium and barium, 
the hydroxides of which are soluble in water, 
the cations are analysed by titr^ion. With 
other metals forming amalgams which are not 
readily decomposed this method of analysis 
is not to be recommended, because, in the first 
place, Iho considerable quantity of mercury 
necessary is inconvenient to weigh, and, secondly, 
it requires to bo kept very pure, consequently 
the coutiiiiial purification of such ferge quantities 
of mercury would be tiresome. 

Analysis of anions when umte.d with heavy 
.metals. The anion in such salts as copper 
sulphate may be analysed by electrolysing a 
'known weight of copper si^ijihato dissolved in 
water with a mercury cathode and a platinuth 
anode as already described. When all the copper 
has been deposited, the solution is siphoneef off, 
the amalgam washed with water, and the wash 
water added to the original solution. The whole 
of the anode solution is then titrated with iV- 
Rodium hydroxide. The copper can, of course, 
be estimated by weighing tho amalgam. 

Sepavation oj sodium from talcium and 
^magnesium. When calcium and magnesium 
salts are electrolysed in Hildebrand’s apparatus, 
it is found that the liydroxidos of these metals 
are precipitated in the inner cell. It has therefore 
been found possible to separate sodium from 
these metals by means of this apparatus. The 
outer cell contains all tho sodiiuL' as hyilroxide, 

I and the sodium can be determined by titration. 
'Phe analytical results obtained are practically 
thcorct ical. 

In a similar manner barium (;an be separated 
fiom calcium and magnesium. * * 

Arsenic. 

1 1 is not possible to deposit arsenic qiiantita- 


be at once dried in the steam oven. 


the metal poured into a largo separating funnel not possib e to deposit arsenic qiiantita- 

from which it oan bo (Irawn'oa'Xan and d^y u conation, neither can it 

The aunenod table gives the losults whioh i. 

were obtained by UUdebrand. |“ converted by nascent hydrogen into 

The weighed gauze anode is olnniped to the i ffscons hydride, 

•hirit. The latter is lowered into the cell till SZn’v 

the lower gauze is about 5 mm. from the suriaco usually employed for analysing arsenic 

of the mercury. The most convenient speed 

for tho motor is about 300 revolutions per S IT hv 

minute. The anode does not require washing, 

as the water after electrolysis is pure. It may '1". TJ ? eleotroJ^tio hydrogen m presence of 

’ ^ -y I the arsenic, whereby the arsenic is converted 

j into arseniurettod hydrogen. Tho gaseous 
I hydride is then passed tlirough a glass tube, 
heated by a small Bunsen burner, as in the 
Maish apparatus, whereby tho arsenic is de- 
posited upon the tube in the form of a mirror. 
In order to estimate the amount of the arsenic, 
the mirror is then compared with mirrors pre- 
pared from known quantities of arsenic. 

In 1812 Fischer (Gilbert’s Arm. 42, 92) sug- 
gested the employment of the electric ourrwt 
to detect the presence of very small quantities of 
arsenic. It was again suggested by Bloxam 
(Quart. Journ. Ghem. Soo. 1861, 13, 12 and 
338) in 1861, but tho apparatus Lad several 
disadvantages, and never# came into practical 
use. Singe then variou.’i modifications h»ve been 
suggested by different authors, and, in 1903, 
Thorpe (Journ. Chem. Soo. 1903) describes a 
now form of apparatus which has been success- 
fully employed ffir the analysis of traces of 


Time : 
Mlris. 

Volts 

! 

Amperes 

Soflium in 
j grama 

Chlorine in 
grams 

• 

Fresent 

Found 

Present 

1 

Found 

30 

4 ’ 0 - 2'5 

0 - 60 - 0-02 

0-0461 

0 0409 

0 0708 

• 

0-0704 

45 

3 - 6 - 2-5 

0 - 34 r- 0-01 

0-0461 



0-0708 

0-0706 

40 

3 * 6 - 3'0 

0 - 50 - 0'01 

0 0401 

. 

0-0708 

0-0704 

45 

4 - 0 - 3-6 

0 -fl 6 - 0'01 

0-0401 



0-0708 

0-0716 

30 

4 - 0 - 2-5 

0 - 76 - 0-02 

0-0461 



0-0708 

0-0713 

55 

3*0 

0 ’ 26 - 0’02 

0-0461 


0-0708 

0-0709 


By means of this apparatus the halogen 
salts of the alkali metals can bo analysed. Also 
the halogen salts of barium and strontium. In 
fact, any anion with any metal which will unite 
with silver to form an insoluble salt can be 
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arsenio in food, beer, and other substances. 
It consists of a platinum cathode hung in a 



glass cyliiuli'ical vesst'l, which is o]kmi at the 
end, and fits into a Pukal porous mOl. 'J'ho 
porous cell is surrounded the auodi-, and 
f- lands in an outer vessel. The ujiper 
portion of the cylinder is open, and has a 
ground nock for the insertion of the drying tube 
filled with anhydrous calcium chloride,, and 
also carries the funnel, which is fitted with a 
tap, through which the solution to be tested is 
run in. A capillary tube is connected to 
the end of the calcium elilorulo tube. I'lie 
middle of this tube is heated by means of the 
small Bunsen burner, and is surrounded where 
the flame heats it with a piece of platinum or 
iron- wire gauze, to ) ire vent the tube being fused. 
The whole apparatus is placed in a vessel 
containing cold water, to prevent undue heating 
during electrolysis. 

Method of wc'-king. The apparatus is care- 
fully waslK'd "with distilled water, ddie outer 
coll E is filled with dilute sulphuric acid (30 p.c.), 
then the inner cell. (The porous cell should bo 
soaked in dilute sulphuric acid for about half 
an hour before being used.) As soon as all ih« 
connections arc made, the Bunsen burner is 
placed in position, but not lighted, and the 
current is passed. A current of about 5 amperes 
should be used ; the escaping hydrogen thereby 
produces a flame of about 3 mm. in size. As 
soon as all the air has been driven out, which 
usually occupies about 10 minutes, the issuing 
hydrogen is ignited and the Bunsen burner 
lighted. If after about 15 minutes no brown 
ring makes its appearance, the reagents may be 
considered free from arsenic. At the end of 
30 minutes the capillary tube is sealed off, 
and the open end also fused together. The 
miri'or is then compared with the standard 
mirrors as above described. 

Preparation of standard mirrors. Pure re- 
sublimed arsoniouB oxide is ground in an agate 
mortar and dried at 100*. Then OT gram is 
corefiiUy w'eighed and washed into a 1 -litre 
flask, the flask being filled to the mark with dis- 
tilled water. Each 1 c.o, of this solution con- 
tains 0*0001 arsenioua oxide; 100 c.c. of this 
solution are diluted to 1 litre. This second 
solution contains 0*00001 gram of arsenioua acid 
in each*l c.o., or 0*01 mg. ..Standard tubes 
containing 0*004, 0*006, 0*008, 0*010, &c., mg. 
oah; 1 .hen bo prepared. 

When foodstuffs are biyng examined for 


arsenic, Thorpe considers it advisable to fake a 
portion of the foodstuff — arsenio free— and 
mix it wdth the known quantity of arsenic before 
proceeding to electrolyse it. The standard 
mirrors are thus prepared under the same con- 
ditions as those under which the suspected food- 
stuff is tested. 

S. 11. I'rotman (J. Soc. Chem. Ind. 23, 177) 
recommends the adoption of a part;hmont 
membrane in jilaec of the porous Pukal coll, 
PS he con.si(h*r 8 this decrea.ses the resistance, 
nnd thus makes the apparatus more sensitive. 
It IS, howT-ver, not so convenient to use. 

Sand and J. E. Tlackford (Chem. Soc. Trans. 
R5, 1018) use the parchment membrane, but 
they also employ a heavy lead cathode and a 
lead anode. Their ajiparatus is thereby much 
clieaper than that used by Thorpe, and is said 
to be equally accurate. 

Metallic Sf-parations. 

A large number of se])arations of metals by 
electrolytic methods have been worked out, 
blit in many cases a purely chemical procedure 
or a combination of electrolytic and chemical 
methods is easier, 'bhere are, however, cases 
in which satisfactory and rajnd electrolytic 
separations can bo earned out. A few of the 
more im}>ortant are given below'. 

Cf'ppci from f^vicUl. By employing a 
rotating anode with an auxiliary electrode, 
and niamt, lining tlic cathoile potential at 
0 7-0*75 \olt, copper can bo deposited from 
solutions containing sulphuric acid. The solu- 
tion is then made alkaline with ammonia, when 
the nickel can be deposited. If tho cathode 
potential is not regulated, small quantities of 
tlie nickel are deposited along w ith the copper. 

Exner (J. ‘Amer. Chem. Soe. 25, 80ii) finds 
that by emp’oung a solution containing nitric 
acid and ammonium nitrate (volume of solution 
125 c.c. ; HNOg, 0.25 c.c.; 3 gram NH 4 NO 3 ) 
and using a rotating anodi', it is possible to 
deposit as much as 0 25 gram lopper in 15- 
20 minutes; the nickel, which may be of equal 
weight, remains m solution, ami can be after- 
wards deposited. 

Copper from lead. Since lead is deposited from 
solutions containing nitric acid as peroxide on 
the anode, whilst copper is deposited as metal at 
the cathode, it might be supposed that there 
w*ould be no difficulty in deiiositing both metals 
concurrently. It must, how ever, bo remembered 
that unless there is a considerable concentration 
of nitric acid, a portion of the lead will be de- 
posited as metal at the anode. On the other 
baud, in presence of copjier, the tendency to 
reduction of tho leal and its appearance at the 
cathode is decreased ; that is to say, in presence 
of copper a lower concentration of nitric acid 
is ^required. It has, therefore, been found 
possible to separate tho tw'o metals. 'I'he 
volume of solution employed was 85 c.o,, and 
contained 1 c.c. UNO, (1:4). With a rotating 
anode and a current of 2 amperes, the whole of 
the lead was deposited in 5 minutes. Tho 
current was then inoreaffed to 10 amperes, when 
the last traces of copper were removed. The 
washing and drying ojf the anode deposit requires 
care, since tho peroxide when deposited from 
weak acid solutions does not adhere so well M 
from stronger solutions (Sand). 
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C(ypper and arsenic. McCay finds the 
follov^ing conditions give a satisfactory deposit 
of copper in presence of arsenic. The arsenic 
remaining in the solution cannot, however, be 
estimated electrolytioally, unless present in very 
small quantities. 

To the solution 20 c.c. ammonium hydroxide 
(sp. gr. 0'91) and 2-5 gram ammonium nitrate jire 
added, the volume of solution being 125 c.o. 
The solution is then electrolysed at a temperature 
of 50°-60*, with O'.'i ampere per 100 sq. deem, 
of electrode surface. As much as 0-22 gram 
of copper will be depo.sited m 3 hours. With 
a rotating anode about 15 minutes are 
required. In this solution the arsenic should 
be pre.sent as arsenate. Copper and arsenic 
may also bo separated oh'ctrolytically from 
solutions containing potassium cyanide. If 
acid, the solution is neutralised, ami then 
sufficient potassium cyanide adfled to ju.^t 
redissolve the precipitate first produced. With 
a current 0-25"t)-27 ampere, the whole of the 
cojiper is deposited in about three hours. 

Antimony from tin. Tin can be quantita- 
tively deposited from solui-ions containing 
excess of ammonium sulphide. It cannot, 
however, be deposited from solutions contain- 
ing excess of sodium sulphide. Antimony, on 
the other hand, can be de[)osited from solutions 
containing excess of sodium sulphide. *11 is 
therefore possible to separate antimony from 
tin by adding excess of sodium sulphide to a 
solution containing the two metals. If tiie 
solution is acid, it is first made slightly alkahno 
with sodium hydroxide before the sodiunj 
sulphide is added. It is, however, better to 
first precipitate the two mot-ils as sulphides, and 
then dissolve them in a concentrated solution of 
sodium sulphide. The tin should be in the 
stannic state. The solution is idcctrolysod at a 
temperature of 5()®-60® with a currant of from 
0’2 to 0-0 ampere per sq. dcin. of electrode 
surface. In from 2 to 4 hours the whole of the 
antimony is deposited. It is, however, almost 
always contaminated with small quantities of tin. 

In order to deposit the tin, the sodium 
sulphide mu^t bo decomposed. This i'l done by 
adding about 26 grams of ammonium sulphate, 
and boiling until no more hydrogen .sulphide is 
evolved. The tin is now deposited by electro- 
lysing with a current density of from 0 3 to 0-5 
amperes. 

The best method of separating antimony 
and tin is that of Sand, by means of graded j 
potential and a rajiidly rotating anode (Chem. ; 
Soc. Trans, xciii. (2) 1908, 1572). From solu- 
tjpns containing strong sulphuric acid (1 : 1) | 
antimony is deposited at aft auxiliary potential I 
of 0*66 volt when the temperature is kept above I 
100*, and a small quantity of hyLlrazine sulpl^te 
is added. Tin, on the other hand, under ; 
similar conditions, is not deposited below 0*8 i 
volt. The method of procedure when dealing 
with alloys of antimony and tin is as follows : — 

The alloy is dissolved in a mixture of 
40 c.c. cone, sulphuiic acid, 5 c.c. water, and 
2 C.O. nitric acid {1 : 42)* on heating to 180*-200° 
solution rapidly takes place. It is necessary 
to remove the nitric acid because it causes the 
formation of antimonic acid, which is only 
slowly reduced to the metallic state electro- 
Jytioally. In order to decompose the nitric 


acid (nitrosnlphonio acid), a current of 6 amperes 
is passed, and the liquid heated to 250®-270®. 
After the current has been passed for 6 to 10, 
minutes at the high temperature, it is stopped. 
The solution is cooled to 100®, and 0-6 gram of 
hydrazine sulphate added. (N.B. — The amount 
of hydrazine sulphate added should*^ be equal to 
the weight of metal taken.) 

The temperature is then raised to 300®. It 
i.s again cooled to 100®, vi lien from 30 to 40 c.c. 
of water and another 0*5 gram of hydrazine 
8ulj»lmte arc added. 

'J'ho anode ' is then rotated t<i ensure mixing 
of the solution, the temperature of which rises 
to about 120®. The analysis is now begun, the 
auxiliary potential having first been adjusted 
to 0*63-0-66 volt. The current will vary 
between 3--I amperes, andf at the end of the 
electrolysis, will drop to 0-^)-6 volt. Time 
electrolysis from 20 to 30 minutes. 

The tin is determined as follows : The 
solution after tho antimony has been deposited 
IS mixed with about 4 grams of oxalic acid, and 
is neutralLsed with strong ammonia. In order 
to prc'cnt loss by spurting the electrodes are 
placed ill position, tho rotating stem being 
passed through a Iiole drilled in a clock glass. 
'I'ho ammonia is poured on tho clock glass and 
runs down the stmn of tho electrode into the 
solution, tho anode or inner electrode being at 
the same time rotated. Considerable ebullition 
j ensues, but none of tho liquid is spurted out. 

I Exact neutralisation is aseertainod by the use of 
; methyl orange as indieator. Litmus cannot be 
, employed, since its colloidal nature hinders the 
deposition of tho tin. After neutralisation, 
0*5-0*75 c.c. of sulphuric acid are added for 
every gram of oxalic acid previously added. 

'I’ho solution is ek'ctrolysci^al^a temperature 
of 70® with a current of 3^ amperes. Time of 
dopohit, 60-80 minutes. • 

Silver and copper. (Smith and Frankel, 
Anier. Chem. J. 12, 104.) To a neutral solution 
of the silver and copper salt, add 2-3 grams of 
pure potassium cyanide. Electrolyse at a tem- 
peraliiro of 65® With a current of 0'03-0*05 
ampere, ami maintain the potential at 1*1-1 *6 
volt. 'I'lic silver will be completely deposited 
in from 4 to 5 hours. After the silver has been 
weighed, the electrode is replaced, tho current 
and voltage increased, when the copper will be 
deposited. 

Silver may also be separated from copper in 
ammoniacal solutions by using an auxiliary elec- 
tiodo, and keeping tho potential below 0*5 volt. 

Iron from other metals. Iron can readily be 
separated from aluminium, vanadium, gluoinum, 
uranium, thorium, and many other metals with 
which it may be alloyed by dissolving in sul- 
phuric acid, filtering from any residue, nearly 
neutralising with ammonia, and electrolysing 
with a mercury cathode. 

Cadmium from zinc. These metals can be 
separated by means of graiied potential. Tho 
: solution is made up by adding first 2 c.o. of 
cone, sulphuric acid, then 3*33 grams of sodium 
hydroxide, and 1 c.c. of glacial aceLcacid. Tho 
auxiliary electrode i.s keplf at a potential of 1*16 
-1*20 volts, and^ the solution electrolyted at a 
temperature of 30®. The whole of tho* cadmium 

* Aftei the lupiul has (iHsulved, the BUb8€#«ent 
operations are carried out with the electrodes in 
i position. I 
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will be deposited in 11-14 minutes. The 
potential is afterwards raised, when the zinc can 
*be deposited in about 30 minutes. 

Bibliography. — Electroanalysis, by Edgar 
Smith (P. Blakiston’s Son & Co., Philadelphia) ; 
Practical Ailethods of Electrochemistry, by F. 
Mollwo Perkin (Longmans, Green, & Co., London); 
J’^Ioktroanalytische Schnellmethoden, by A. 
Fischer (Ferdinand Enko, Stuttgart) ; Quantita- 
tive Analyse durch Elektrolyse, by A. (lassen 
(Juliys Springer, Berlin); Analyse dos M6taux 
par Electrolyse, by A. Holland ct L. Bertiaus 
(H. Dunod ct'E. Pniat, Paris); Developments 
of Eleotroanalysis, Fresenius, Zeitsch. Anorg 
Chem. 1913, 8l' 4. F. M. P. 

ANAMIRTA COCCULUS or A. PANICULATA 
(Colebr.), The former is the superseded name, 
and the latter the* true name, of the Indian 
IVfbnispormaceous bane, whose dried fruits 
(Grains of Paradise) are su]i])lied under the name 
of Coccultis indicus {v. Coccttlus inojcls). 

ANAMIRTIN e. Pk liOTOXIN. 

ANANAS, OIL or ESSENCE OF. A solutiun 
of ethyl butyrate in 8 to 10 times its weight of 
alcohol. It possesses the odour of the pine- 
apple {Ananas sativiis (SclmlL.)), and is employed 
in confectionery and ])erfiimoiy ; also to iniitnte 
the flavour of rum (Hotinann, Annalon, 81, 87). 

ANANDONIS GREEN. IJydialed cliroiniKm 
srsgui oxide {v. (hiuoiuiuM). 

ANASPALIN, Trade name for a foim of 
wool-fat. 

ANATASE or Octahedrile, One of the tri- 
morphous forms of titanium dioxide (I’lOj) met 
with as crystallised minerals ; the others being 
rutile and brookiO'. It is found ns small, 
isolated crystals of a steel-blue or honey- 
yellow colour, in , schistose rocks, particularly in 
the Alps ; and a's microseojiie crystals is of common 
oficurrence in sedimentary rocks. L, J. S. 

ANCHIETA BARK. The root bark of An- 
chietea salutaris (A, St. llil.), one of the Violaceie, 
a bushy shrub growing at Bio de Janeno. It 
contains anchietine, a substance crystallising in 
straw-coloured needles, having a nauseous taste 
Used for syphilis and quinsy (Pockolt, Arch. 
Pharm. [2] 97, 271). 

ANCHUSIN { Allcan n in) v. Alkannet. 

ANCYLITE. A hydrated basic carbonate of 
cejiium, lanthanum, and didymium, and stron- 
tium 4Ce(0H)C03'3SrC0g’3H2G, found as small, 
yellow, orthorhombic jiyrnmids with curved faces 
in syenite-pegmatite at Narsarsuk in the Julianc- 
hnab district, south Greenland; sp.gr. 3’95. 

An allied mineral, with the formula 

4(Ce,La,Di)2(C03)3-5SrC08*(Ce,La,Di)o0., 

haa been found as orthorhombic grains lorm- 
ing, with celestito, monazite, felspar, &c., 
a constituent of crystallmc limestone at Amba- 
toarinina in Madagascar. Tliis has been named 
ambatoarinito (A. Lacroixy lOlti). L, J. 8. 

ANDA ASSU, OIL OF. An oil obtained from 
the seeds of Joannesia Pnneeps (Veil.), belonging 
to the Euphorbiacea‘, growing in Brazil. It is 
clear, slightly yellowish, odourless, with a taste 
at first nauseating and then sweet. It solidifies 
at 8°, ite sp.gr. at 18® is 0’917t) (Pharm. J. [3J 
12, 380)., 

ANDALUSITE. One of tlie throe modifica- 
tions of crystallised aluminium silicate AljSiOs, 
and belonging to the orthorhofiibic system ; the 


other modifications being the minerals kyanite 
and fibrolite. Andalusite occurs in crystalline 
schists and metamorphio rocks, the variety 
chiastolitc being specially abundant in the baked 
clay-slates surrounding intrusive igneous masses. 
It IS also found as small crystals and grains in 
some granites, due probably to fragments of 
tlie surrounding slates having been incorporated 
in the ignc'ous magma. Grains of andalusite 
are found m tlio sands and sedimentary rocks 
derived from those luimary locks. The pleo- 
chioism, from olive-green to rose-red, is a 
eharactoi'j.st ie feature of the mineral under the 
imerosco])c. 1) 3 18, H 7i. Large, rough opaque 
eiystals are well known from Lisens-Alp m the 
I’yiol. Glear transparent pebbles of a rich 
brown colour arc found in the Bio Jcquitinhonha 
in Minas Geraes, Brazil ; this material when cut 
as a gem -stone dispdays the strong pleochroisra. 
T’he variiity known as (;Iiiastolito mows in cross- 
sections of the jirismatic crystals a dark cross 
of carbonaceous mateiial enclosed m the lighter 
coloured andalusite ; sucli material is cut as a 
geiii-.stonc or charm. J airge crystals of chiastolitc 
have been found in oonsiderahle numbers atBim- 
bowric, iieai ( )larv in South A iistj-uha. L. J. S. 

ANDAQUIES WAX r. Wa\j:s. 

ANDESINE. A soda-lime felspar belonging 
to the gionp of plagioclaso-fclspars (i’. Felspab). 

^ L. J. S. 

ANDESITE. A group of volcanic rocks of 
intm-iiiediatc eompusiljon, containing on an 
average GO ji.c of silica, and corresjionding to 
the plut/onic diorites. 'They are usually dark- 
colourcd, cojujiact rocks, sometimes with a 
porphyiitjc structure or a vcsieiilar texture ; and 
are composed essentially of plagioclase-felspar 
with a ferroniagne.sian mineral, and sometimes 
a glassy base. According to the ferromagnesium 
mineral present, the varieties hornblende- 
andesiP', biotite-andesite, and pyroxene-ande- 
site arc distinguislied, Wlion quartz is present 
the rock grades into the dacites. Sp.gr, 2 *6-2 *8. 
Tliey arc of wide distiibution. The Andes of 
Sou til Ameiiea and the ( 'ordilleras of Central and 
North America are built up largely of andesites ; 
and hero, as well as in Hungaiy, ore-deposits, 
jiarticularly those of gold and silver, frequently 
occur in connection with them. In the British 
Isles they are abundant in the Midland Valley 
of Scotland, the Cheviot Hills, the Lake District, 
.md in North Wales, and in these districts are 
quarried for road-stones. On the Continent 
they are also used for building atone and mill- 
stones, L. J. S. 

ANDORITE. Sulphantimonito of silver and 
lead AgPbSbgSg, (i'^ystallising in the ortho- 
rhombic system. The mineial was indepen- 
dently described in 1892 from FelsGbanya in 
Hungary, and Oniro in Bolivia, under the names 
andorito, sundtito, and wobnerite. It is dark 
steel-grey with metallic lustre, and a shining 
black streak ; no’cleavage ; sp.gr. 5*35 ; H 3^^. 
Analyses show 10-11*7 p.c. of silver (according 
to the formula Ag — 12*42 p.c.), there being 
small amounts of copper also present. At 
Oruro, in the San Jo86 and Itos Atocha mines, 
it occurs rather plentifully as well-formed 
crystals and as a massive silver ore (Prior and 
Spencer, Minoralog. Mag. 1897, xi, 286 ; Spencer, 
ibid. 1907, xiv, 316). L J. 8. 

ANDROGRAPHIS PANICULATA (Nees) or 
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Karyait. An Indian plant ; is used as a tonic, 
and is similar to quassia in its action. 

ANDROPOGON OILS v. Oils, Esseniial. 

ANDROSIN V. OlAiCOSlOES. 

ANESIN (A?teson). An aqueous solution of 
acetonechloroform, havincf matked an-Tsthctio 
and hypnotic properties (Apoth. Zeit. 181)7, 12, 
008) (i’. A('etoneciil()1iofokm). 

ANETHOL V. Oils, Ksskntial. 

ANGELICA OIL v. Oils, Essen ijal. 

ANGELINE CjoHigO-iN (snrinamine, genffro- 
yine, andirinc, rhataiiinc) (Jlillor-Bombion, 
Arch. Pharm. 1892, 2:50, 513; Ooldschrnidi., 
Monatsh. 1913, 33, 1379; 31, 059), m.p. above 
233° (indefinite). Identical with ^t-inethyld- 
tyrosino [al^| }-10-75“. Synthesised by Eiselier 
and Lipsehitz (Ber. 1915, 48, 300). 

ANGICO RESIN. A lOmilian gum obtained 
from Fiptadenia rujida (Benth.) [Acacia Angico ] ; 
soluble m water and proof spirit. Used in chest 
complaints fSyines, Piiarm. J. f3J 13, 213). 
Angico wood is that of another Brazilian legu- 
minous plant, Eiitrrolohinm cllipiicum (Benth). 

ANGIONEUROSIN. Syn. for mlioglyeerm 
as used in jiiiarmaeology. 

ANGLESITE. Native lead sulphate (Pb804), 
forming brilliant, colourless, orthorhombic crys- 
tals, isomorplious with barytes (BaS 04 ) and 
celostito (HrSO^). It occurs in the mpper 
oxidised zones of veins ot load ore, having 
resulted by the alteration of galena (PbS). It 
is less common' than cerussitc (IMiCO^), with 
which it has sometimes been miiu'd as an on; of 
lead. Good crystals have been found at many 
localities, perhaps most abundantly at Broken 
Hill, in New South Wales. The mineral takes 
its name from the Isle of Anglesey, where 
crystals were found by W. Withering, in 1783, 
in the Parys copper-mine, L ,1. 8. 

ANGOSTURA BARK or ANGUSTURA 
BARK V (JlJSl’AEIA liAKK. 

ANHALAMINE, ANHALINE, ANHALONI 
DINE, ANHALONINE, u. Mkzcaline. 

ANHALONI UM (CACTUS) ALKALOIDS. 
Seven d]tler(Mit ha es have been isolated from 
varums species of cactus and have been invests 
gated chiefly by llollVr. They are denvativts 
of )3-phenylcthyl,i,mme. Anhaline is 
hydioxyphenyldimetliylothylaminc, 

HO CIT,-CH/N(CHda 
identical v\i(h hoidenine. M ezccUtne la ;8-3 4’5- 
trihydroxyplicnylethylamine. AnJialaminey aii- 
halonidine and pJloiim are methylated 3’4‘5- 
tnliydroxyphenyleihylamines, hut anhaloninc 
and lophophorine each contain two of theirthreo 
oxygen atoms m a diffe^ nt kind of linking 
(E. Spath, Monatsh. llhem. 1919, 40, 129). 

ANHYDRITE. A mineral consisting, of 
calcium sulphate UaSO^, so named to distinguish 
it from the more common hydrated calcium 
sulphate, gypsum. From a pure aqueous solu- 
tion calcium sulphate crystallises a^ gypsum, 
but when the solution is highly charged with 
salts (sodium, potasuum, and calcium chlorides, 
and magnesium sulphate) it separates as 
anhydrite. Anhydrite crystallises in the ortho- 
rhombic system, but in its crystallographic 
characters it shows little analogy with tho 
orthorhombic barium and strontium sulphates, 
barytes, and celestite, with which it would be | 


expected to be isomorplious. An important 
character is the cleavage in three directions 
parallel to the axial planes of symmetry ; the 
mineral, therefore, breaks up into cubes like 
rock-salt. Well-formed crystals are not com- 
mon ; they have been found m tJie salt-deposits 
of Germany and Austria, and in ofolomite-rock 
in tho Simplon tunnel, in Switzerland. Usually, 
tlio mineral occurs as compact, granular masses 
of a white, grey, reddish, or bluish colour, and 
resembling marble in a])pearance. Sp.gr. 2*9- 
3 0 ; hariliicss 3-3|, being considerably higher 
than gypsum. It is of frequent occurrence as 
layers mterbedded in deposits of gypsum and 
rock-salt. Tho ‘ anhydrite region ’ iorming the 
base of the Brussian salt-deposits consists of 
alternating betls of anhydrite and rock-salt. 
Bands of anhydrite also o^cur througliout tho 
salt -deposits, and are known to tho nimers^as 
‘ year- rings.’ In contact willi water anliydrite 
becomes altered into gypsum with an increase 
in volume of 00 p.o. On this account galleries 
in tho salt-mines when driven through beds of 
anhydrite gradually become closed up. Exten- 
sive beds of tho mineral occur in the gypsum 
deposits of Nova 8cotia. In the red rocks of 
I’ermian and 'rriassic ago of tho North of 
England anhydrite is not uncommon. For 
examjiie, if forms a bed 7 feet in thickness in 
the (Joeklakes gypsum mine at Gumwhinton 
m Cuiiibeilaiid ; and it is recorded from Dur- 
ham, Westmoreland, Yorkslnrc, SLalfordslnre, 
Leicestersliire, Nottinghamshire, Derbyshire, and 
Ghesliire. For details of JBitish occurronces, sec 
Special Reports on the .Mineral Hesourccs of 
Great Britain, vol. iii, Gypsum and Anhydrite, 
Mem. Geol. Survey, London, 1915 ;2ndedit.. 1918. 

Anhydrite has as yet been put to few practical 
uses. It lias been omployeci m agriculture as 
a ‘land plaster.’ 7\y exposure *to tho weather 
it becomes converted into gyjisum, and (Win 
then be used for the manufacture of plasters. 
A bluish-violet, compact variety known as 
‘ vulpinite,’ from Vulpino in Lombardy, has 
been used as an ornamental stone. The sug- 
gestion to use gypsum as t source of sulphur 
would apply also to anhydnto. L. J. S. 

ANIL. The name of the American species 
of the mdigo plant, Indigojera anil (Linn.). 
ANILINE. 

History. — I’irst observed by Unverdorben in 
1820 among the products of tho destructive 
distillation of indigo. Detected by Runge in coal 
tar m 1834, and by Fritzsolie in 1840, ampng 
tho products obtained by distilling indigo with 
alkali hydroxides. Prepared by Zinin m 1840, 
by the reduction of Mitscherlich’s nitrobenzene 
with hydrogen sulphide. Unverdorben called his 
product krystallin ; Rungo, kyanol ; Fritzsche, 
anilin ; Zinin, henzidnm. 

In 1843 Hofmann showed that nitrobenzene 
could be reduced by a metal such as zinc in the 
presence of a dilute acid, and also that krystallin, 
kyanol, anilm, and benzidam were identical with 
each other. 81iortly afterwards Bechamp stated 
that nitroben/.eno could bo reduced by ferrous 
acetate in the proHence of water, but that the 
oxalate, sulphate, (fee., h^td no effect. 

In the yoard85rt Perkin’s discoveiTf of mauve 
gave rise to a commercial demand for aniline, 
and the manutacture was commenced by Messrs. 

I Simpson & Mai^Ie. 
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Preparation. — Benzene, then only obtained 
in small quantities and with much difficulty, as 
the treatment of tar scarcely existed, was intro- 
duced into glass balloons (known as ‘ bolt 
heads ’) of 1 gallon capacity, and the calculated 
quantity of nitric acid, mixed with about an 
equal volume of sulphuric acid, w'as gradually 
added, the mixture swung round and well 
agitated, and then allowed to stand. It was 
usual to have about twenty balloons in a row, 
and to add acid in turn until the reaction was 
complete. 

The nitrobcijzcne was separated, washed, and 
I educed wiLli iron borings and acetic acid, at 


first ia a copper still, later in an iron cylinder. 
The aniline was freed from water, rectified, and 
was then ready for use. The selling price was 
about a guinea a pound. 

Somewhat later cast-iron c^dinders of con- 
siderable size were used for the reduction, acetic 
acid being still used and neutralised with soda or 
lime at the end of the reaction, and the aniline 
was in some factories distilled off over a naked 
fire, in others steam was blown into the mixture, 
and the aniline and water condensed and 
separated. Acetic acid continued to be used 
until about 1800. Since that time the apparatus 
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Fm. 1 . — Anilwe Oil Plant, 


A, Anllihe pan. 

B, Agitating blades. 

C, Side lining plates 

D, Bottom do. 

E, Wood plngforhopiier 


F, Feed hopper for borings 
(t, Charging dish 
H, Vapour pipe to conde iser 
.1, J’uro-Bteum pipe 
K, Anilino-steam do 


I , Gutter. 

Ai, Receiving pan. 

N, ripe from N B tank 

O, Condenser 

P, Overflow 


Q, Cold-water inlet. 

R, hiiceivcr. 

S, Steam pump. 

T, Settling tubes. 

U, Air pressure egg. 


has undergon ' little change, the tieatment con- shown in the sketch. An important feature ia 
sisting m reduction mainly by the use of iron the renewable cast-&on lining plates at the 
and water, hydrochloric acid being employed to aides and bottom, which protect the machine 
start the reaction. frona the friction caused by the revolving mass 

The aniline machine shown in Fig. 1 is the of iron borings. It is 6 feet 6 inches deep, anth‘^ 
type that gives the best results.^ A careful 4 feet 6 inches in diameter, having a total caaoT 
oomporison between this design and the hori- city of 060 gallons. Steam is admitted thro%h 
zontal machine has proved unmistakably that the vertical shaft, which is hoUow, and passes 
the vertical machine is more economical and through the extremities of the horizontal 
bstter in every respect. This is particularly agitating blades. Twenty-one of these machines 
ttie case wth regard to repairs and maintenance, are required to produce IfiO tons of aniline oil 
The machine is of cast-iron, If inches thick, with per month.* A charge of 1000 lbs. of nitrobenzene 
driving gctar, agitating shaft, ^nd blades, as is run into the receiving pan above the machine. 

• I C^iom. Trade J. 1906, d8, 69. The writer l.s i Tjorirpr rmiphlnflR oti thw somA r»rinAir.i« in 
dSce^the twSureb^^'^** torepro- several fans of iiltroboiizeu? can be rediiced’, are used 


I by some mamifucturera. 
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To start the reaction, 1 cwt. of clean cast-iron the condenser and rnn.s back into the dish, 
borings, 10 gallons of hydrochloric acid, and together with the nitrobenzene which is carried 
6 gallons of water are run in through the funnel- over. The iron borings and nitrobenzene are 
shaped hopper, and simultaneously steam is added only in sufficient quantities to maintain 
turned on and the nitrobenzene run in a thin a constant level in the dish. If the reaction 
stream into the dish on the top of the macliinc. proceeds too violently, loss is caused by the 
The wooden plug in the hopper is driven in tight, formation of bcMizcne. When the Tevel of the 
and the space between it and the hopper is ):ept liquid in the dish begins to lower, the supply of 
full of iron borings. By dexteroinly nianipukt- nitrobenzene and iron lionngs is increased. This 
ing the wood plug, the borings can be added I'roiiess is continued until the whole charge of 
without allowing any vapour to escape. This nitiobenzene is run in, which takes about 10 
simple method of ‘ feeilmg ’ the iron borings hours. The total weight of iron borings re- 
has proved better than many of the ineehanical (juired is 0 cwl.. A sample caught as it runs 
feeding devices that have b(‘en tried. Distilla- from the eondenser should then be quite free 
tion proceeds, and the distillate passes through from nitrobenzene, and tlii‘ machine will contain 



Fia. 2.— Vacuum Still for Aniline Oil. 


A, Vacuum still. .1, Comlciner R, Inlet from condenser. 

B, Internal hollow r,tay. K, Cold-water inlet S, Air-admission tap. 

C, Steam tubes L, Overflow for water T, Bo do 

B, Do. do. M, Receiver for distilled oil U, llun-off tap for distilled oil. 

K, Steam inlet. K, Bo. do. do. V, Bo do. do. 

F, Do. outlet. O, Connection from vacuum pump W, Connection from vacuum pump 

G, Vapour pipe to condenser. P, Bo. do do. 

H, Pressure pauge. Q, Inlet from condenser 


only aniline od, wat* r, and oxide ol iron. The I allowed to settle lo’’ 4S hour". The distillation 
supply of steam is then jnereased, so as to of the oil and wnter Irom tlio machine takes 
distU over the anilino oil and water,* and the ' about 7 hoiirfl, and fluring the last hour pure 
distillate is diverted mto the tank beneath I steam is ng.viri used, go that w hen the operation 
condenser. The steam u.sed for this flis- j is fmi.'-hrd, the condensed water left in the 


t^tion is not pure steam, but is generated from 
l^iline water mentioned lielow, in a separate 
The aniline water is that which separates 
friUn the oil in the separating tubes, and con- 
tains about 2 p.c. of fluiline oil in solution. The 
aniline and water in the tank lielow the con- 
denser are pumped into the settling tubes, and 

1 In some works this distillation is not done, but 
the contents of the reduction apparatus are passed im- 
mediately through a filter press, the filtrate then runnmx 
directly or being pumped mto the settling tanks. 


machine will be free from aniline, and cen be 
used for flushing out the oxide of iron into the 
gutter which runs to the settling tanks outside. 
'I’ho oxide, after the water is drained off, is 
, dried and ground, and disposed of for the 
purification of coal gas from sulphur. Large 
I quantities are also now being used m the manu- 
1 facture of cheap black paints, and 4he con- 
! sumption in this direction is increasing. The 
i aniline oil w hich hai; settled to the bottom of 
the settling tubes is run of! into the air-pressure 
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egg below, and blown into the oruio aniline' oil 
store tanks, ready for the final purification by 
distillation in the vacuum stiU. The upper 
layer of water left in the settling tubes, and 
which contains about 2 p.c. of aniline in solution, 
is, as already explained, used for feeding the 
aniline stcJliin liodcr. The average yield of 
crudi^ aniline oil from each nmobme, with a 
charge of 1000 llis. of ndio benzene, is 705 lbs. 
The yield of pure' aniline oil from nitrobonzono 
is given further on. 

The final ]mrification of the crude aniline oil 
is done in a yacuum still. The sk(*tch(Kig. 2) 
shows one of those stills of ri'cent design. The 
body of the still is wrougbl-iron, J5 feet long, 
and 7 feet 0 inches in (liamcter, having a total 
capacity of 4000 gallons, and capable of dis- 
tilling 35,000 lbs. ki one ehargo. The steam is 
aii])plicd from a boiler ba\ irig a woiking pressure 
of 100 Iba. per sq. inch, at nhich pressure 
the steam possesses a tcmpi'ratui-e of 170®. 
The internal steam tubes are wrought-iron, 
2 inches in diameter. In place of the usual 
straight tubes which used to be expanded into 
both end jilatcs, bent tubes are employed, 
which enter and return to the same end of the 
still. This prevents the ‘ tearing ’ of the 'tubes 
owing to exjiansion and contraction, and the 
‘ breathing ’ of the end jdates. The ‘ column * 
is of cast iron, 18 feet high and 9 inches in 
diameter. Tlu' condensing coils consist of three 
vortical flat cojiper cods, 2 inches in diameter, 
arranged side by side in a wroiight-iron tank, 
the di; tillate entering all the three cods simultane- 
ously from the still head by means of branch 
pipes. The total lenglli of copper pi])c in the 
condenser is 432 feet. The tvio receivers permit 
continuous working, so that when the first is 
full, as mdicatoik by the gauge-glass tube, it is 
shut off, and fhc sei'ond brought into use. The 
contents of the ilrsl can then bo tlrawn off while 
the second is bemg filled, and the vacuum is 
thus maintained throughout. 

The still IS charged ivith 35,000 lbs. of crude 
aniline oil fiorn the store tank, and steam is 
turned on. The first fraction, about 7 p.c. of 
the di.stillate, eoiisHts of andine oil and water, 
which is added to the crude oil and water in the 
separating tubes, ddio next fraction is ‘ light 
aniline,’ and consists of andino oil \uili a small 
quantity of benzene. If the reduction of the 
nitrobenzene has been carefully peiforrned, this 
fraction is only about 4 p.c. of the distillate. 
It 18 collected and redistilled, giving pure 
aniline und benzene, tlie latter being returned to 
the nitrobenzene department, to bo renitrdied. 
The next fraction is pure aniline oil of market- 
able quality, ' clear and water- white. The tad 
end, called ‘ last runnings,’ forms about 5 p.c. 
of the distillate, ami, on rcdistdlation, yields 
80 p.c. of pure marketable andino oil. TJie 
total yield of pure amline oil obtained from 
nitrobenzene is 71 1 p.c. As the pure benzene 
yields 154 p.c. of nitrobenzene, and the latter 
71| p.c. of pure andine oil, the total yield of 
pure aniline oil from pure benzene is 11 0-85 p.c. 
Compared with theory, there is little room for 
improvement. » 

The prooesa of reduction an^ rectification as 
deBoribftd applies also to toluidine, and modifica- 
tions of the process are also in use for the pro- 
duction of xylidiue and alphanaphthylaminc. 


and of the reduction portion for the manufacture 
of metaphenylene- and metatolylene-diamine 
from the respective dinitro- compounds. 

Catalytic Reduction of Nitrobenzene . — This is 
effected by passing a mixture of nitrobenzene 
vapour and hydrogen (or other reducing gases) 
over a catalyst heated to a suitable temperature 
(usually 200^-300®). The catalysts which have 
been proposed are copper (Eng. Pats. 13149, 
15334, 1914 ; 5fi02, 0409, 1915; U.S. Pat. 
1207802; 1). K. PP. 139457, 282508; Er. Pat. 
312015), nickel (Eng. Pats. 16936, 22523, 1913 ; 
IX K. P. 282402; Fr. Pats. 458033, and Ist 
addition), iron oxides (Fr, Pat, 402006), iron 
(JX R. P. 281100), and sdver or gold (D. R. P. 
203390). 

Many patents have been taken out for the 
olectrolytic reduction of nitrobenzene, but it is 
doubtful whether this process is used on the 
large scale, 

I’bc reduction of nitrobenzene may also bo 
eai ricd out by boiling it with sodium disulphido 
solution (D. R, P. 144809), and an 80 p.c. yield 
of aniline i.s said to bo obtained by heating 
chlorobenzene with ammonia and a little copper 
sulphrte (Eng I’at. 3000, 1908; E. R. P. 
204961 ; Fr. Put. 397485). 

Valuation of Commercial Aniline Oil 

Aniline oil, as, it occurs in commerce, may 
contain as impuiitics water, traces of insoluble 
hydrocarbons and of orthotoluidine, sometimes 
traces of hydrogen sulphide, and, if carelessly 
made, of nitrobenzene, benzene, and ammonia. 
Hesides these, which sliould be carefully tested 
for, there i.s possibly a certain amount of amino- 
thiophon, winch has no delotorious action for 
most, if not all, of the purposes for which anilini' 
IB user!, and which, moreover, for the present at 
least, cannot readily be got rid of. 

The method of testing usually adopted is to 
determine the boiling-point of the sample. For 
this purpose 100 c.c. are introduced mto a small 
boiling flask with side tube, and distilled through 
a ^ort condenser into a graduated 100 c.c. 
cylinder. Readings of the thermometer are 
taken as each 10 c.c. of the cylmdcr fills, and the 
last wJien 95 c.c. are filled. An alternative 
method is to take readings of the cylinder at each 
fifth of a degree rise of the thermometer. It is 
also usual to note the temperature when the first 
drop has fallen from the condenser. The ther- 
mometer readmgs should be corrected for 
barometer and immersion of mercurial column 
in the vapour of tho liquid, and of course for the 
errors peculiar to tho thermometer in use. 

A few fragments of platinum wire, fire-brick, 
or wrought iron, shduld be placed on the bottom 
of the flask, and great care used to adjust the 
siz^ of the flame and rate of boiling. The flask 
also should be held by tho neck in a good clip 
over tho naked flame, gauze being apt to cause 
currents of heated gas to flow up round the neck 
of the flask and superheat the vapour. 

Tho specific gravity of the sample may also 
be taken (pure aniline has a specific gravity of 
I *0265-1 0207 at 15®), althougn this indication 
is not of great moment if the boiling-points 
are good. 

The following is an example of the determina*. 
tion of tho boiling-point (Walter, Chem. Zeit. 
1910, 34, 702) 
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Temperature. 

P.c. over. 

Temperature. 

P.c. over. 

182*4° 

3 

183*2° 

20 

182*6° 

4 

183*4° 

97 

182*8° 

5*6 

183*6° 

98 

183*0° 

11 

183*8° 

99 

If, in carrying out 

the boiling 

test, the 

temperature 

rises considerably at the 

end, the 


presence of toluidine may be suspecied. This 
can be detected when a considerable quantity 
of commercial pure andme is made into meet- 
anilide. On recrystallising this and working 
up the mother liquors, a small f|uantity of im- 
pure acetyl compound of low nn'lling-poiiit will 
always be found in the most soluble portion, or 
first mother liquors. 

Pure aniline melts at —6 2'^, and boils at 
80'^-8r720 mm. and 184 •47700 mm. 

Aniline may bo tested for insoluble oils 
by dissolving 10 c.c. in 40 c.c. of hydrochloric 
acid and 50 c.c. of water. The solution should 
be quite clear. 

Nitrobenzene shows itself with the insoluble 
hydrocarbons. A \ery deiitatc test for it is to 
shake the sample of aniline violently for a few 
minutoa, and then to notice the colour of the 
froth. The merest trace of nitrobenzene colours 
it a very distinct yellow. 

Tho presence of water may be detected by 
distilling tlio sample (100 c.c.) us for a boiling- 
point determination, and .•tolleeting tht« first 
10 c.c. in a narrow graduated cylindei uf 16 c.c. 
capacity, sliaking with 1 c.c. of saturated 
sodium chloride solution, a?id reading off the 
volume of the latter. The method wdl not 
show tho presence of less tluui 0'3 p.c. of water, 
consequently, 0‘3 c.c. must always bo added to 
the amount of salt solution observed It is not 
usual for aniline, sold as pure, to contain more 
than 0’6 p.c. of water. 

Toluidine liquid should boil at 197‘'-198“, 
show a 8p.gr. of about TGOO, and contain 
30-40 p.c. para-, the rest ortho- toluidine. 

Ortnotoluidine. The sp gr. of commercial 
orthotoluidme should bo aboiit 1‘0037 ; b.p. 
about 197°-19S° ; should not solidify' on 
cooling to —4°. The pure substance boils at 
.199*7°, and docs not solidify at —20°. Its 
density at 15°, compared with water at 16°, is 
l*003i. 

Paratoluidine. Winn pure, this melts at 
46° and boils at 200*47760 mm. and 86°-87710 
mm. Its density is 1'046. Limgo (Chom. 
Ind 1886, 8, 74) has published a table showing 
the specific gravities of mixtures of o- and 
p-toluidine. 

For the estinniTion of small amounts of p- 
toluidine in o- toluidine, Schoeiis method is 
perhaps the best. A stanaard oil is ])repared, 
contaming 8 p.c. of p- toluidine and 92 p.c. of 
o-toluidine, 1 c.c. of which is dissolved ^th 
2 c.c. of pure hydrochloric acid in 50 c.c. of 
water, and oxidised cold by adding 1 c.o. of a 
saturated solution of potassium dichromate. 
After standing for two liours, the product is 
filtered, the precipitate being washed with water, 
and the filtrate and ^vashings made up to 100 c.c. 
The toluidine to be tested is treated m the same 
manner, and conqiared colorimetrically with 
the above solution. J. C. C. 

ANILINE BLACK v. DvxmG. 
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ANILINE BROWN v, Azo- coLOPEma 

MATTERS. 

ANILINE SALT* The commercial name of 
aniline hydrochloride C,H 5 *NH 2 ,HG 1 . 

It is prepared in large quantities, for the use 
of calico-printers, who employ it in the produc- 
tion of anilme black. The prooestf consists in 
mixing the calculated quantities of pure aniline 
and hydrochloric acid in lead-lined or nickel- 
liiied tanks, and allowing the salt to crystallise, 
fi’cemg it from mother liquors in a centrifugal 
machine, and drying at a low temjierature. The 
hydrochloric acid used sliould bo qf good quality, 
free from iron and oven from traces of copper, 
or the salt will ra])idly blacken. 

The mother liquors may be neutralised with 
lime or soda, and the aniline recovered, or they 
may be boiled down and used in making magenta 
by the nitrobenzene process, &c. * 

‘ Aniline salt ’ occurs in commerce in largo 
white, nacreous and much-contorted plates. 

The great desiderata for the calico-printer 
are that the salt should be made from pure 
aniline and should be dry and normal, contain- 
ing 93 parts of aniline to 36 5 parts of hydro- 
eliloric acid ; it should bo free from sand and 
grit, which injure the printing machines. 

J. c. c. 

ANILINE YELLOW v. Azo- colouring 

MATTERS. 

ANIMAL OILS and FATS v. Oils and eats. 

ANIME and ANIMI v. OLEo-RESI^s. 

ANISEED. {Anis, Fr., Oer.) The fruit of the 
Punpmdla Arusum (Linn.), cultivated in Malta, 
►Spam, and Germany, Used for the preparation 
01 anise oil and cordials. Alcohol extracts 36*24 
p.c. of this spice (Bicchelo, Pharm, J. [3] 10, 
878). 

ANISE CAMPHOR t>. Cami^iojis. 

ANISE OIL, The essential oil of aniseed, 
obtained by distilling it with water. According 
to Landolph (Compt. rend. 81, 97 ; 82, 226), it 
contains 90 p.c. of avethole, boiling at 22*6°. 
Anethole, according to Perkin (Chem. Soc. 
Trans. 32, 668), is p-allylanieole CeHi(OMo)CH : 
CH’CHj ; ho obtained it by Seating p-methoxy- 
phenylcrotonic acid. 

Anise oil is sometimes adulterated with 
fennel oil ; this can he detected by heating the 
oil, when the fennel odour becomes perceptible. 

Btar anise oil has a similar colour and 
taste, but it does not solidify at 2° {v. Oils, 
Essential). 

ANISIDINE. NIL/OeH^OMe. Orlluinm^ 
ihne. Obtained by tho reduction of orthonitrani- 
soie with tin and hydrochloric acid or iron and 
hydrochloric acid (Mcistcr, Lucius, and Briining, 
D. R. P. 7217 of Dec. 3, 1878), is a colourless 
oil, wluch freezes at 2 5°, boils at 226*6° at 734 
mm. pressure (Mulhaiiser, Annalen, 207, 239) ; 
at 225° at 760 mm. (Perkin, Chem. Soc. Trans. 
69, 1210), and has a sp.gr. 1108 at 26°. Can 
also be prepared by heating a mixture of o- 
aminophenol, potassium methyl sulphate, and 
potassium hydroxide solution under pressure. 
When diazoti'ed and treated with j8-naphthol- 
disulpbonio acid (R-acid), it yields anisoU-red 
{v. Azo- colouring matters). A mixture of 
orthanisidine (2 mols.) and paraphei^lenedia- 
mine (1 mol.) is converted, on oxidation with 
potassium dichromate, into a reddish colouring 
matter formerly employed under the name 
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mfmnisoh (Kalle & Co., D. R. P. 24229 of 
Oct. 27, 1882 ; expired March, 1885). Anisi- 
dine is used for nialdng cbi’ome fast yellow 
0-G. azoeosin G and azocochineal. 

Paranisidine, obtained from paranitranisole 
by reduction with tin and hydrochloric acid, 
crystallises 111 prisms which melt at 55‘5'’-56’5° 
(Lossen, Annalen, 176, 324) and boil at 246°- 
246° (Salkowski, Hot. 7, HX)9) ; 243° at 700 mm. 
(Perkin, (!hcm. Soc. Trans 01), 1210) ; ju-anisi- 
dine, o-sulphonic acid, prepared by boiling the 
hydrogen sulphate of p-anisidiiie, wluui cbazo- 
tised and coupled with ^-najihthol, yields an azo- 
compouud forming rod lakes with baryta, 
alumina, &c. (Aktiengesellschaft fur Amlin- 
Pabrikation, J). 11. P. ]4()().'i). 

ChloranisidiiK', when diazotised and coupled 
with ;8-naphthol, viclds a red eomjiound in- 
ssluble in water (Julius, Luilwigshah n and 
Jahrmaht, U.S. Pat. 095812); p- and ?//,-nitio- 
anisidine, when diazotised and couiHed with 
jS^naphthol, jield red and ])ink dyeslulks (liiiiay, 
Eng. Pat. 25750 ; ,1. Soc Chern. Ind. 1898, 1039 ; 
and Freyss, J. Soc. dhem. Ind. I9(M, 350); 
o-iodo‘p-anisidine, when diazotised and treated 
with naphthol sulphome acid, yields a red d\c, 
similar to that obtained from p-ani.sidiiie 
(Reverdin, Per. 29, 097). 

Anisidine condenses with orthoformie ester, 
and the re, suiting compound is iisisl as an 
anaesthetic (Goldchsmidt, Jiing. Pat. 9792 ; J. 
Soc. Chem. Ind. 1899, 000). 

ANISOCHILUS CARNOSUS ‘(Wall). An 
Indian plant belonging to the Labiat.e and 
containing a volatile oil. Used in quin.sy. 

ANISOLE, Antsoil ; Mdhylphehi/l elfin 

CeHs'Od^Ha. 

Preparaiiov — Anisole can bo obtained by dis- 
tilling anisic acid or o-methoxybenzoic aidd with 
bhryta, or by heating potassium phenato with 
methyl iodide at 120° (Cahoins, Ann. Chim. Phys. 
[31 2, 274 ; 10, 353 ; 27, 439). It is prepared 
by passing a current of methyl chloride over dry 
sodium phenato heated at i90°-200° (Vincent, 
Bull. Soo. chim. 40, lOO), and by heating phenol 
with methyl alcohol and potassium bLsuI[)liate 
at 160°-100° (Act. Ges. fur Anil.-Fabrik. ; 
D. R. P. 23776). It has been syntJiesised by 
fusing sodium benzene sulphonate with sodium 
methowde (Mourou, J. Pharm. Chim. 8, v. 211). 

Properties. — It is a colourless ethereal liquid, 
which boils at 155°-156-6° at 762-3 mm. (Schiff, 
Annalen, 220, 105) at 153 '9° (corr.) (Perkin, 
Chem. Soc. Trans. 69, 1240); melts at -37*8° 
(Von Schneider, Zoit. Pliy.s. Chem 19, 997) 
and has a Specific gravity 0 991 at 16° {v. 
Oils, Essential). 

ANISOMELES MALABARICA (R. Br.). A 
much-esteemed Indian plant belonging to the 
Labi,at;e ; an infusion of tlie leaves is used in 
intermittent fevers, and the essential oil is 
applied extemally in rheumatism 

ANISOTHEOBROMINE. Triidc name for an 
addition product of theobromine sodium and 
aodium anisate. 

ANKERITE. A member of the group of 
rhombohedral carbonWs containing calcium, 
magneiiium, and iron, with sometimes a little 
manganese. The formula is like that of dolomite 
with the magnesium partly replaced by iron ; 
in normal ankeritc it is CaCbs’MgjFejCOg. The 


angle between adjacent faces of the rhombo- 
heoral cleavage is 73° 48% D 2*96-3*1 ; H 
3^-4. The mineral forms white, greyish, or 
brownish cleavage rhombs, cleavage masses, or 
granular masses. It occurs in some abundance 
with chalybite (FeCO,) in the iron mines of 
Eisenorz in Styria, Londonderry in Nova Scotia, 
and in northern New York. The white, thin 
platj^ scams often seen m coal consist usually of 
ankente. L. J. S. 

ANKOOL, AKOLA, DHERA, BARK| The 
root bark of Aktngium Lanmrcktt (Thw.), one of 
the Cornace.e, used in leprosy and skin-diseases 
(Lymock, Pharm. J. [31 9, 1017). 

ANNATTO. This is derived from the fruit 
of the Bixa orellana (Linn.), a shrub found 
native in Central America, and cultivated in 
Brazil, Guiana, Mexioo, the Antille,s, and India. 

To prepare the dyestuff, the seeds and pulp 
are removed from the mature fruit, macerated 
with water, and the mixture is left to ferment. 
The product is strained through a sieve, and the 
colouring matter which settles out is collected, 
partially evaporated by heat, then placed in 
boxes, and finally dried in the sun. 

Annatto comes into the market in the form 
of cakes, and among the different varieiios 
Cayenne annatto is the most esteemed, and is 
considered to be the richest in colouring matter. 
It should contain ffom 10 to 12 p.c. of the pure 
dye, and not more than 6 ]).c. of ash, whereas 
the amount of colouring matter in the Bengal 
product 18 frequently lower than (i p.c. 

In 1848 Lumontal devised a new method for 
the preparation of annatto, in which fermenta- 
tion is avoided, and the pulp is simply waslicd 
out from the cajisulcs and off the seeds. This 
product known as hixin is said to bo five to 
six times more valuable than ordinary annatto 
(Crookes, Dyeing and Calico- Piinting). 

The colounng matters of this dyestuff were 
first investigated by Cbovrcul (Le 9 on 8 do 
Chimic appliquee a la Tcinture), who isolated 
two substances, one yellow, which was called 
(jriellin, soluble in water, and a second, 6mn, 
which is red and very sparingly soluble. 

Bixin, the useful colouiing matter, was 
subsequently examined by numerous chemists, 
who were only successful in preparing it as an 
amorphous powder, and its isolation in a crystal- 
line condition was first achieved by Etti (Ber. 
7,446; 11,864). 

Etti digested 1'5 kilos of purified annatto 
with a solution of 160 grams of calcined soda 
a.sh ill 2-6 kilos of 80 p.c. alcohol on the water- 
bath at 80°. The mixture was liltered and the 
residue pressed betv;een warm plates, and again 
extracted with 1-6 kilos of warm 60 p.c. alcohol. 

The alcoholic filtrate was diluted with half 
its* volume of water, concentrated, sodium 
carbonate solution added, and the crystalline 
precipitate of sodium bixin was collected after 
several days, and pressed. The product purified 
by solution in 60 p.c. alcohol at 70°-80° and 
reprecipitation with sodium carbonate was finally 
made into a cream with alcohol, and this, when 
neutralised with hydrochloric acid, yielded 
crystalline bixin. 

A simpler method has been more recently 
devised ty Zwiok (Ber. 30, 1972). Well-dried 
annatto is extracted for twenty-four hours with 
boiling chloroform, the extract evaportlted, and 
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the residue thoroughly exhausted with ligroin. 
The product is crystallised from chloroform, 
and after washing* with ligroin is repeatedly 
reorystallised from the former solvent. 

Bixin Ca,8Hj406 (Etti, l.c, ; Marchlowski 
and ]\Iatojko, Chem. Zentr. 1906 [ii.] 1266) con- 
sists of brown-red or deep-red rhombic crystals, 
which, when slowly heated, melt at lOrh®, and 
when rapidly heated at 198^. It is sparingly 
soluble in the usual solvents, and of these^it la 
most readily dissolved by chloroform or alcohol. 
Concentrated sulphuric acid dissolves bixin 
with a cornflower-blue colouration, and this 
reaction is given by minute traces of tlie sub- 
stance (of. (>ooin and Nycanthin). 

Monosodium bixin CjsHjjO^Na-f 2TI2O is 
best prepared by dissolving 10 grams of bixin 
in a solution of 1*2 grams of sodium carbonate 
in OO0 c.c. of 12 p.c. alcohol at 70° (Etti, Zwick). 
It is deposited on cooling in dark-red iridescent 
crystals, and can bo obtained in the anhydrous 
condition by recrystallisation from 70 p.c. 
alcohol (Marchlewski and Matcjko). 

D/’Wnim bixin CjsHsaOr.Naj-f 21120 is ob- 
tained when 20 grams of bixin is dissolved in a 
solution of 10 grams sodium carbonate in GOO c.c 
of boiling 12 p.c, alcohol. It consists of a dark- 
red amorphous powder (Etti). Monopolassmm 
bixin Ci8H3aOr,K-f-H2jO and dipotassmm bixin 
CasHjjOsKa-f 2ilaO have aU' been prcpar%'d. 

Bixin contains one nu'thoxyl group Ois- 
tilled with me-dusl, bixin uelds, acciuding to 
Etti, metnii/lcne', Ihdi ' •, and a hydro 
carbon CiJIi,,, l».p. 21o 2 mi , 

According to Zwick bi\in is readily ledueed 
by sodium amalgam, and a foniponnd 
b thus produced. Maivhk'W.sk' and Matejko, 
on the other hand, studied tlu^ action of zinc- 
dust and acetic acid, and obtained in this 
manner an orauLje-coloured crystalline substanec 
which possessed a strong metallic bistre. When 
slowly heated it melts at 200 5"', Imt if the ojiera- 
tion 18 carried out rapidly, at 208° 210°. This 
compound is ev idently of an unstable nature, 
for whereas wlien freshly prepared it gives 
C~76*4, 11=^ 7 '7 p.c., on standing for some days 
in the air it becomes colourless and then gives 
C -=58 G, 11=6 8 p.c At 100° this change occurs 
more rapidly. 

More recently there has been much con- 
troversy as to the correct formula for bixin. 

Van Hassclt ((flicrn. Weekblad, 1909, 0, 480) 
contends that pure bixin, which melts at 189°, 
is Ca9H34()i rather than C2iH340r„ as proposed 
by Etti (/.c.). If heated at 1!>0° m a current of 
hydrogen, 1 gram mol. of bixin yields 1 gram 
mol. of m- xylene and no other volatile product, 
though it is not to be considered that a m-xylene 
nucleus exists as such in the bixin molecule. 
No palmitic acid could be obtained from biocin 
as Zwick suggests. Whereas both Etti and 
Zwick described mono- and dipotassium salts 
of bixin, the latter is not in reality a compound 
of bixin, but of a new substance termed norhtxiu 
OK’CisiJaoOj'OK, produced by a substitution 
0.' a methyl of the t iethoxy group present in the 
former by potassium (Reo. trav. chim. 1911, 
30, 1). Norbixin CjvHsjOs consists of a light 
red-coloured crystalline powder which decom- 
poses at about 240°, and is distinguished from 
oixin by its insolubility in chloroform. 

Potassium bixinate with methyl sulpliate 


gives bixin methyl ether B(0Me)j, or C3oH8«^6i 
plates, m.p. 166° (1909), and the same compound 
18 obtained when a solution of bixin in methyl 
alcohol is treated with potassium hydroxide and 
methyl sulphate (1911). On treatment with 
potassium hydroxide, bixin methyl ether is con- 
verted into norbixin. Bixin ethyl ethe>r C81H38O,, 
violet crystals, incite at 1 38°, and by mcthylation 
forms norhixin methyl ethyl ether OMe'B'OEt, 
m.p. 149°. 

Potassium norbixin, obtained from bixin 
and alcoholic potash, gives with ethyl sulphate 
norbixin dielhjl ether C2KlIs()03(0^t)2, m.p. 121°, 
together with norbixin ethyl ether 

m.p. 170”. 

The relationship between norbixin, bixin, 
and bixin methyl other is slidwn as follows : — 

OH-R-OH OHROMe OMe*R*OMe 

According to Hasselt, yio-blxin mdhyl ether, 
m.p. 149°, 18 produced when norbixin ethyl 
ether is methylated, and it is thus evident that 
the two hydroxyls of norbixin arc not symmetri- 
cally situated. Iso-bixin OH'R’OMe, melts at 
178°, and may bo obtained by tlie partial 
hydrolysis of bixin methyl ether, and this, by 
ethylation with ethyl sulphate, gives norbixin 
(heihyl ether, m ]>. 121°, the methyl being thus 
replaced by an ethyl grou]). Iso-bixin is dis- 
tinguished from bixiu liy the greater stability 
of its methyl group m presence of potassium 
hyilroxide solution. 

The product of the reduction of bixin ob- 
tained by Marchlewski and Matcjko, and 
referred to above, is considered by van Hasselt 
to consist of dihydrobtxin UgnilstiOr.* 
also described dihydrobixin methyl ether OsoHjsjOt, 
m p. 174°; dihydro-iso-btxi)i'‘ m.p. 
190°; and dihydio- norbixin P^sIIsjOb, which 
decomposes at 236° 

By the action of bromine, bixin yields bixin 
decabromide ( •2,,H24( Ijlh whereas bixin methyl 
ether yieklH the analogous compound 

it» 

and both these substances are colourless amor- 
phous powders. Attempts to benzoylate or 
acetylate bixiii were unsuccessful. 

On the other hand, Heidiwchka and Ritfart 
(Arch. Pharm. 1911, 240, 43) consider that the 
old formula OaMlla^On for bixin is preferable to 
that of C,»H34 ()s, advocated by van Hasselt, 
Bixin, by the action of bromine in the presence 
of chloroform, gives the compound jBrio> 

4HBr, molting at 143°, and this by heating at 
100° is converted into the decabromide 
CjaHs^OBBrjo, which can be obtained crystal- 
line from alcohol, but is unstable. By the 
action of chlorine on bixin and norbixin respec- 
tively, the amorphous compounds Cj^HjiObOIiq, 
4HCI and CJ7H38O6CI1C, 4HC1 can be prepared. 

Van Hasselt (Rec. trav, chim. 1914, 33, 192), 
however, maintains that his formula for bixin 
is correct, and states that the dis- 
crepancy shown by the results of his own work 
and that of Heiduschka apd Riffart arises from 
the fact that bixin is readily susceptible to 
oxidation with-- the formation of amorphous 
products. The bixin of these latter authors 
was not completely pure, and it is quite correct 
that specimens iwhicK are purified by their 
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method give figurcg in liarmony witli the older 
formula Again, the analytical num- 

bers given by Marchlewski and Matejko for 
hydrobixin are explainable if bixin is given the 
formula 

A now formula CgsHa^Oj'OMe for bixin was 
now suggested by Herzig, Falfcis, and Mizzan 
(Monatsn, 1914, .‘15, 997), who stale that it is 
difficult to correctly analyse bixin unless special 
precautions are adopted. Dihydrohixiii, tlie 
product of the action of zinc-dust and acetic 
acid on bixin, nicllR at 178°-179“, w’hereas the 
methvlether obtained by means of diazomcthanc 
and bixin, or methyl sulphate and potassium 
bixin, melts at 1 58 

Though, as llussclt states, bixin at 190'' 200 " 
yields nz-xylene, the reaction is hardly of a 
quantitative natuK% m that the crude oil, 
though containing this hydrocarbon, possesses 
no constant boiling-})Oint. Rinkes (Chem 
Weekblad) suggests that the formula of bixin 
is C 27 Hj,a 04 , thougli fleivig and Faltis (Ber. 
1917, 50, 927) in reply, ri'ileratc that the expres- 
sion t'i 6 fl 3 o 04 IS to be rcgaidcd as correct, and 
that the real diniciilty lu's in the combustion ^ 
of this colouring imilti'r. lleiduschUa, ami | 
Panzer (Ber. 1917, 50,*5-l(i) point out, however, j 
as the result of further investigation, that the ' 
main difliculty is m the jiurilication of the j 
substance. The most satisfactory products are I 
those obtained by means of acetone and ethyl 
acetate, which, wlam analysed, give figuH's 
agreeing with th(' formula 

When ozonised, methyl bixm forms an | 
ozonide, and this by distillation, and partly by 
the action of calcium carbonate, gives among 
other products, rndhyl- ^-acetyl acnjlaley ami a 
crystalline compound OhHjoOj, m.p. 86®, which 
yields an oxime; m.p. 100°, and may bo the 
methyl ester of a ketomc acid. Mcthylbixm 
thus appears to contain the linkage 

C'Me CH : CH-C OMe 

(Rinkes and Hasslet, (^hem. Weekblad, 1910, 13, 
244, and 14, 888). 

Sodium hyposulphito reduces brxiri to a- 
hydrohixin, red needles, melting about 290°, 
norbixin to a-hydronorhtxin, violet crystals, and 
methylbixin to a hydromdhylbixin, violet needles, 
m.p. U)0°-192°. 

On the other hand, with titanium sesqui- 
oxide, bixin gives (^-hydrobixin, norbixin 
hydronoxhixin, and methylbixin fi-hydromethyl- 
bixin, the latter of which melts at 170°. By the 
action of zinc-dust both a- and ;3-hydrobixins 
are converted into the same y -hydrobixin, yellow 
crystals, m.p. 207° (von Hussclt, ibid. 1916, 13, 
429). 

Jn a furtli t comuniiiicatioii Heiduschka 
and Panzer (Bor 1917, 60, 1625) again maintain 
the probability of the formula O^gHjoG* fur 
bixin. 

Dyeing Propnim. — Annatto is still em- 
ployed to a fair extent for colouring oils and 
butter, but is almost extinct as a dyestuff in 
this country. As th^ orange-red colour which 
it yields^ is extremely fugitive to hght, it has 
at no fame been very ext-enotvely used. On 
the other hand, it resists the action of soap and 
dilute acids very well. 

In order to dye cotton, the annatto is first 


dissolved in a boiling solution of carbonate of 
soda, and the goods are tljen entered and left 
in the bath for a quarter of an hour. They are 
subsequently pressed out, and washed in slightly 
acidulated water or alum solution. 

For silk, the bath is made up with equal 
paits of annatto and sodium carbonate ; soap 
IS also usually added, and the dyeing is continued 
at 50” for about an hour, according to the shade 
required. The colour produced can be rendered 
somewhat more yellow by passing the fabric 
through a weak solution of tartaric acid. 

Wool is dyed at 80°-100° without any 
addition to the bath. A. G. P. 

ANNEALING. ( Lr xmit, Fr. ; das A iilassen, 
Oer ) A process whie.h is applied jirinci- 
pally to glass and metals for the purpose of 
rendering them softer or less brittle. The 
process itself always consists in the application 
of heat for a period of time, which may vary 
from a few minutes to many hours, and which 
may be followed by very slow cooling ; the 
object of the process is to permit the material 
to attain approximate equilibrium in regard 
to its internal structure. This state of normal 
internal equilibrium may bo disturbed either 
by the effects of rapid cooling or by the applica- 
tion of mechanical deformation. The former 
IS most frequently met with in glass, and in 
I.irg9»metal casting*., while the latter is found in 
' wrought ’ metal of all kinds. 

Tn the case ol substances which are poor 
I conductors of heat, such as glass, and also in 
masses of metal which are so large that thermal 
conductivity cannot produce reasonable um- 
formity of temperature, relatively rapid cooling 
sets up severe stresses, owing to the fact that 
the outer or most rapidly cooled layers solidify 
or become hard and rigid first ; subsequently 
the int( rtial portions of the mass endeavour to 
contract in cooling, but find themselves con- 
stramed by their attachment to a relatively 
rigid external envelope ; tho tendency to 
tJiermal contraction is therefore overcome by 
si'vcre tensional stresses. A body in this con- 
dition, wlnlo it may j^rewent the phenomenal 
strength of a ‘ Rupert’s drop,’ is liable to sudden 
fracture, ]»artieularly if the surface is cut or 
broken. The annealing of glass has been 
studied with great care (Twyman, Jouni. Soc. 
Glass Technology, vol. i. 1, pp. 61-74), and it has 
been shown that glass behaves as a true fluid 
whose change of viscosity with temperature 
follows an exponential law, so that the visoosi^ 
is halved for each rise of temperature of 8“ C. 
If, then, a piece of gloss has been so cooled as 
to be heavily stres^id internally, these stresses 
will be released if tne temperature is raised to 
such a point that the viscosity becomes low 
enough for appreciable flow to take place in a 
few seconds. The temperature required for 
this purpose may be defined as ‘ the annealing 
I temperature,’ and although it is not a definite 
critical temperature, the rapidity with which 
the viscosity or ‘ stiffness ’ of the glass changes 
witli temperature makes it possible to approxi- 
mate to a definite ‘ annealmg temperature ’ for 
each kind of glass. Experimentally this may 
be done by heating an intemally-strained speci- 
men of the glass in an electric tube-furatice while 
I keeping it under observation by means of a 
I beam of plane-polarised light passing through 
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the gloss while in the fumace-tube. When thus 
examined under ‘ crossed Nicola * the presence 
of internal stress makes itself apparent by a 
more or less well-defined cross, or at least by 
light and dark shading. This appearance 
remains practically unchanged (unless the heating 
is very slow), until the annealing temperature is 
reached, when the markings suddenly disappear. 
Such glass can then bo fully annealed by heating 
to this temperature, followed by cooling in such 
a manner that no fresh internal stresses are set 
up. This usually imjilies very slow cooling 
until the glass is still enough to ho free from 
further risk in this respect. It should be 
noted, however, that slow cooling in itself is of 
no special advantage ; all that is retiuired is 
the maintenance of the greatest possible unifor- 
mity of temperature throughout the mass so 
that all parts of it shall cool as nearly as may 
be simultaneously. In bodies like glass, which 
are poor conductors of heat, this can only be 
attamed by e^xtromely slow cooling, except 
where very thin jiieoes are concerned. In the 
case of metals, which are good conductors of 
heat, extremely slow cooling is not necessary 
in order to avoid the development of severe 
internal stresses, and as very slow cooling is 
undesirable in moat metals because of the 
tendency to produce coarse ond weak mioro- 
struclnres, it 1 j never empli^ed intentioAlly. 
Annealing is, in fact, generally ajjpliod to metals 
for other purposes 

Metals m tiie cast or other ‘normal’ con 
dition consist of aggregates of minute crystals 
of approximately equal dimensions in all direc- 
tions ; when metal is meehanically deformed, 
as by hammering, rolling, or other working 
process carried on in the cold, these minute 
crystals are elongated in the same general sense 
as the muss of vvlnch tliey foiiii part, and this 
doforinalion of the crystais is accompanied by 
the well-known hardening of the metal under 
cold work. This is due in part to the internal 
i*earrangcment \' Inch each crystal undergoes, 
and m part to tlie j>artial and local de.struction 
of the crystalline arrangement itself, accem- 
panied by the lormation of a hard amorphous 
^ phase’ (Ewing and Rosenliain, Phil. Trans. 

1899, ser. A. cxiii. 363-376 ; Beilby, Phil. 
Mag. 1894). When the metal is subsequently 
annealed, i.e. heatsd to a suitable teiTi])''rature, 
the metal ‘ recrystallhses,’ the crystals rearrange 
themselves, and the original condition is ap- 
proximately restored. In some metals the mole- 
cular mobility is suci; that recrystallisation takes 
place slowly even a' the ordinary temperature 
(lead ; Ewing and RosenJuain, Phil. Trans. 

1900, cxcv. 279-301 ; brass : Cohen, Rev. 
general des Sciences, April 30, 1910) ; but in 
the greater number of cases a high tempefU- 
ture is required. In the great majority of pure 
metals, and m some alloys, the rate of subse- 
quent cooling is immaterial so far as the softening 
effect is concerned ; but m certain metals and 
in a large number of alloys cither allotropio 
or other cliangcs take place during gradual 
cooling, and these transformations are more or 
less iimibited by ra pid coolmg ; in such metals 
the rate of cooling through the ‘ critical tempera 
tures ’ at which these changes occur is of material 
importance. The most striking example is 
found in carbon steels containing upwards of 


i p.o. of carbon, which are moderately soft i^ 
cooled slowly down to a temperature of 660®, 
but become exceedingly hard if suddenly cooled 
from a temperature above 700®. In the case of 
hardened tool steel, the process of annealing 
consists in raising the steel to such a temperature 
(above 700°) that the changes i;?hich were 
suppressed when the steel was hardened by 
quenching are allowed to take place during the 
j heating and cooling process. 

In modern ‘ high speed tool steels ’ the 
presence of a considerable percentage of tungsten 
(10-20 p.c.) or of molybdenum, heja the effect of 
raising the annealing or softening temperature 
very considerably. Prolonged exposure to a 
temperature near 900° (k is required to bring 
about full softening, and tools made of these 
steels retain their cutting edge at a dull red 
heat (near 700° C.), while a carbon steel bocomes 
useless at a much lower temperature (near 
400° C.). It is this property which makes it 
possible to use ‘ high speed ’ tools for working 
at rates which generate far more heat than 
carbon steel tools could withstand. 

A special form of annealing known as 
' normalising ’ is now frequently applied to mild 
steel with highly benelicial results. The pro- 
cess consists in lieatmg the steel to a temperature 
just above the highest critical point (from 
830° C. to 900° ()., according to the carbon 
content), keeping it there just long enough to 
ensure that the whole mass has attained the 
desired temperature, and then allowing the steel 
to cool rapidly, usually by taking it out of the 
furnace and coolmg it m the air. This treat- 
ment results in the refining of the structure of 
the steel (see ME'rAi,i-ociKAi*nY) with a very con- 
siderable concomitant improvement in the 
physical properties, more esp^ially as shown 
by the notched-bar impact test. 

In many metals the annealing process iS 
liable to be complicated by the effects of 
chemical actions between the metal and its 
solid or gaseous surroundings, as well as by the 
effects of the growth of the constituent crystals 
of the metal ; at high temperatures these 
crystals tend to increase in size, and the resulting 
coarsening of the grain of the metal leads to 
a detenoration in mechanical properties. 
Annealing at an unduly high temperature or 
for too long a time thus becomes ‘ over-heating,’ 
and is injurious to almost all metals and alloys, 
notably to steel and brass. W. B. 

ANODYNINE. Identical with antipyrine 
(q.v.). 

ANOGON. Trade name for the mercury 
salt of 2-6-diiodophenol-4-8ulphonio acid. 

ANONA MURICATA (Linn.). A docoef^n 
of the root is used as an antidote for fish-pois^- 
ing, and the bark serves as an astringent. The 
leaves a le useful in softening abscos.ses, and from 
the seeds a wine can be prepared which is said 
to be beneficial in cases of diarrhoea (Chem. 
Zeit. 10, 433 ; J. 8oc. Chem. Ind. 5, 332). 

ANORTHITE v. Fblspab. 

ANOZOL. Trade name for a preparation 
of iodoform deodorised by iO-20 p.c, of thymol. 

ANTACEDIN. Calcium aaccharaU, ^ 

ANTALGINE.'^ Trade name for salieyl- 
aldehyde-a-methylphenyl hydrazone. Used for 
I neuralgia and rheumatism. 

I ANTHEMOL v.<Camphoes. 
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ANTHIOME. Trade name for a solution of 
potassium persulphate. Employed as a photo- 
graphic reagent. 

ANTHOCYANINS. Many brilliant natural | 
eflfecte are duo to the colouring matters of this 
group. They have been the subject of investiga- 
tion for mv.,nv years past, but it i.s only since 
the work of Will.statter and Everest (Annalen, 
1913, 401, 189) that chcmieal knowledge con- 
cerning them has lieen placed ujion a satis- 
factory basis. 

Marquart (Dio Earbcn dor Bliiten, Bonn, 
1835) first introduced the term anthonjdn, using 
it for the blue pigments present in flowers ; 
gradually, however, the term became extended 
to include all red, purple, and blue flower, 
berry, or leaf sap-pigments, whilst the terms 
nnihocyanin and . antfion/anirlni. were intro- 
duced by Willst.iller and Even'st to de.signate 
the glucoside and non glucoside auLlioeyan 
pigments roHpf'cl iv('ly. 

In 1837, BcrzchiiM (Annalen, 21, 292) 
attempted to isolate and purify various pigments 
of this class, and lu.s method, winch involved the 
use of lead salts, was adopted by many later in- 
vestigators, but rar<‘ly with any .success. Morot 
(Annales des Science nat. 1 3 ) 13, 199 [ 1849-’! 850 1) 
attempted to obtain a pure pigment from the 
cornflower, whilst hVemy and Cloez (J. Ifliarm. 
Chim. [31 25, 249) worlurd on various flowers, 
including the cornllower, violet, ins, dahlia, 
rose, and peony, and concluded that all antho- 
cyan colours were produced by a .single pigrmmt 
which they called Cyanin. (This name was 
given to the cornflower pigment in 1913 by 
Willstatter and Everest ) In eoniiection with 
the supposed identity of all anthooyaii pigments 
the work of Overton (Bring. Jahrber. f. iviss. 
Bot. 1899, 33,- 222), of Weigert (Jahresber. 
d. k. k. onol. und pomol. Lr liranstalt in Klos 
i-emeuberg, 1894-1895), and t he earlier work of 
Berzelius {he.), Ereiny and Cloez (Z.c.), Filhol 
(Compt. rend. 39, 194 ; J. pr. Chem. 1854, 93, 
78), Wigand (Bot. Ztg. 1892, 123), Hausen 
(Die Farbstofie dor Bluten and Fruchten, 
Wiirzburg, 1884, 8), and Wicsner (Bot. Ztg. 
1862, 392), should bo referred to. 

Filhol [he. 1864) and Morron (1869) carried 
out a • number of qualitative investigations 
bearing upon the formation of pigments in 
floweif. 

Work of a more deliiiiiely quantitative 
character was attempted by Olenard (Compt. 
rend. 47, 298 ; Jahrber. 1858, 479), using red 
wine, and Bonier (Jahrber. 1878, 970), using 
rotia gallica, and this was followed by that of 
Heise {cf. Cliem. Centrblt. 1889, ii. 953 ; and 
1894, ii. 846) and Gian (Dissertation, Erlangen, 
1892), in which the pigments of red wine, the 
bilberry, and flowers oi the deep-red hollyhock 
were examined, and as the result of ihis the 
question of the glucosidal nature of these 
pigments was raised, a question first settled by 
the work of Willstatter and Everest in 1913. 

The first description of an anthocyan pigment 
in crystalline condition was published by 
Griffiths (Ber. 39, ^959 ; Chem. News, 1903, 
88, 249h the pigment being that of the scarlet 
pelarg^uni. Somewhat la^ir, Molisch (Bot. 
Ztg. 1909, 146) obtained the same, and several 
other pigments of the aeries, in crystal- 
line coiuulion on microscope-slides, and his 


work led Grafo (Sitzber. k. Akod. d. Wiss. 

I Wien, 1909, 075; 1909, 1033; and 1911, 766) 
to attempt to obtain similar results on a largo 
scale, but although ho succeeded in procuring 
crystalline compounds in a number of cases, 
his chemical results have been largely disproved 
by the later work of Willstatter and his colla- 
borators. 

A ( unsidcrablc amount of investigation has 
been earned out upon the relationship existing 
between the anthocyan pigments and the yellow 
sap colouring matters — flavones and flavonols. 
Hope (IVans. Koy. Hoc. Ed. 1839) developed 
ideas concerning this matter ; Morot {he.), as 
also Filhol {he ), touched upon ii;, whereas 
Frcniy and (doez (Z.c.) criticised the drawing of 
eonclusions as to such relationships whilht so 
little was known concerning the pigments 
involved. Marions (/.c.) suggested that the 
I yellow and red sap-pigments have their origin 
I in a faintly yellow-coloured substance produced 
I in the sap of all plants and which passes by 
! oxidation — particularly in light — into the yellow 
sap pigments, and' that these, by further 
I oxidation and light, pass in their turn into 
I antliocyans. As the result of much botanical 
^ work, theorii^ liave been put forward by 
Wheldale, by Keeble, Armstrong, and Jones, 
and by others, which resemble that of Martens 
in Viat oxidation of the yellow sap pigmimts 
-flavones or flavonols — is considered to bo 
one of the essential steps in the formation of 
anthocyan pigments. These ideas, which were 
becommg very generally accepted, have been 
disproved by Everest (Proc. Boy. Soc. 1914, 

' B. 87, 444 ; and 1914, B. 88. 32()), who succeeded 
in discovering the real relationship that exists 
between these two groups of pigments, and the 
manner in which the yellow ^sap pigments could 
be converted into anthocyaiiins. He showed 
that anthocyanidins are produced by reduction 
of flavonols, followed by spontaneous oxonium- 
salt formation and dehydration, a scries of 
changes that may be expressed thus : — 
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Anthncyan. 

In like manner lie obtained anthooyanins 
when gliicoaides of the flavonols were used. 
The evidence thus obtained by synthesis, and 
the structure proposed by Everest w«'re in com- 
plete agreement with the results of analylical 
work, carried out independently and concur- 
rently, by Willstattor and Ins collaborators in 
the extension of tlicir work on the anthocyan 
pigments, and they, after rejieating the work of 
Everest, confirmed it (Sitzbor d K. Akad. 
Wiss. Berlin, 1914, 709), and in this way obtained 
synthetic cyanidin cliloride and proved it to 
be identical with Willstatter and Everest’s 
cyanidin chloride, obtained from the cornflower. 
In connection with the production of anthocyans 
from flavone derivatives, the following papers 
should also be noted, viz. Stem, J. pr. Ohem. 
1802 and 18(59; ilJasiwetz und Pflaundler, 
Sitzber. Wiener Akad Wiss mat.-natw. Klasse. 
1904; Watson, ('hem Soi; 1>an> 1914, 105, 

989; Coijibes, Cornjit. rend. 1919. 157, 1002, 
and 1454. 

A further interesting synthesis of an antlio- 
cyanidin (pelargonidin) lias since been earru'd 
out by Will.stitter and Zechmei.ster (Sitzbiu'. 
d. k. Preuss Akad. d. Wish. Berlin, 1914, 880), 
who made use of a totally different series of 
reactions which may be represented thus : — 
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PeLirgoTildln chloride. 


In this way the structure of all the antho- 
cyan pigments thus far investigated has been 
established. It is intere.sting to note that all 
are derivatives related to flavonols, and in this 
connection Everest {l.c.) has pointed out that 
as flavonos arc also mot wjth in plants, and 
that they yield red pigments on reduction, the^ 
is every reason to expect tliat anthocyans 
related to thorn may be brought to light as the 
I’osult of further research. 

It would seem that these pigments are 
formed in Nature from flavonol derivatives 
first produced in the plants Direct chemical 
evidence? of this ha.s been obtained by Everest 
(Roy. Soc. Proc. 1918, B. 90, 261). He has 
isolated the antho'eyan 'pigment viuhnin, a 
glucoside of dcl]>hinidin, 
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from the purple-black viola (Sutton’s) ‘ Blacb 
Knight,’ and has shown that, unless gossypotin 
is present, which appears unlikely, this pigment 
is accompanied in those flowers by a glucoside 
of uiyricetin : 
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myr.cetin being the flavonol which would yield 
Oelphinidin by reduction. 

Some interesting substitution derivatives of 
the anthocyan series have been prepared by 
Watson (Chem. Soc. Trans. 1914, 397 ; 1916, 
1477), as the result of treating flavone and 
flavonol derivatives with various Grignard 
reagents. The following are typical examples 
of such compounds : — 
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In 1913, in connection with their investiga- 
tion of the cornflower pigment, Willstatter and 
Everest (Z.c.) showed that all anthocyan piginentB 
occurred in plants as glucosidos (named by them 
Antliocyanins), and this generalisation has been 
Supported and confirmed by all more recent 
work. In some few instances, however, cjj. in 
the black grape, a small percentage of sugar-free 
pigment (named anthocyanidin) has boon found 
to accompany the glueosido. 

These authors introduced an important 
reaction whereby it is possible to determine 
whether a given anthocyan pigment is a glucoside 
or not. When a solution of the pigment in 
dilute aqueous acid (preferably ca. 0*6 p.c. 
HCl)j8 shaken with amyl alcohol (free from 
pyridine), the pigment, if a di-glucoside remains 
almost quantitatively in the aqueous layer, but if 
it is a mono'glucoside (rhamno-glucosides behave 
in this test very similarly to mono-gluoosides), 
then an appreciable percentage of the pigment 
ica, 10 p.c.) passes to the amyl alcohol, but this 
can bo removed by shakmg the alcohol layer 
repeatedly with fresh acid. If the pigment is a 
non-glucoside it passes quantitatively into the 
amyl alcohol, and shaking witJi fresh aqueous 
acid does not withdraw it. 

The ANTHocYANjniNS. 

All the anthooyanins hitherto investigated 
are derivatives of three anthocyanidins, viz. 
Pelargonidin, Cyanidtn, and Ddphinidin, or 
of methyl ethers of these compounds. 

Pelftrgonidin, M^hich was ffist isolated in the 
form of its diglucoside, pelargonin, from the 
Pelargonium zonal e (Meteor), may be obtained 
by the hydrolysis oi that ojf any other of its 


glucoiidea isolated by Willstatter and ^ 
collaborators; such compounds occur in the 
following flowers, either alone or mixed ^th 
other anthocyan pigments, viz. purple*red 
summer aster, Gullisiephus chinensis (Sees), R3ni 
Aster chinenHU (Linn.) ; the scarlet Salvia, 
Salvia cocctnea (Linn.), and S. splendens (SeUo.) ; 
the rose-coloured cornflower ; scarlet-red 
gladiolas; and Zinnia elegans (Jaoq.). The 
colouring matter is most readily isolated as the 
crystalline chloride. 

■ Pelargonidin chloride CisHnOaCl, or 3 : 5 : 7- 
tnhydroxy - 2 - j) - liydroxyphenyl -1:4- 
benzo-pyranol anhydrochloride, has the structure 
represented by : 

Cl 



and crystallises with one molecule of water, this 
being removed only by drying in high vacuum at 
105^ C. 

By the action of liydrochloric acid a related 
j)roduct is formed, tiio constitution of which 
IS liwt Bellied. r*:iargonidin chloride has been 
observed to yield tlirco dilferent crystalline 
forms : (i.) red tablets ; (li.) red-brown four- 
sided prisms ; and (iii.) yellow-brown swallow- 
tail twin crystals (c/. Willstatter and Bolton, 
Annaleii, 1916, 408, 42 ; and 1916, 412, 133) ; 
it is difficultly soluble in cold dilute acids, more 
soluble in warm ; in alcohol it is very easily 
soluble. An acid solution of the chloride gives a 
blue colouration on addition of sodium carbonate 
solution, but fetric chloride does not produce 
any colour reaction. Unlike any other known 
pigment of this series, it shows two absorption 
bands, one in the yellow- blue portion of the 
spectrum, the other in the violet, the latter 
being the one not observed in other oases. The 
compwind does not melt below 350° C. 

When decomposed by heating with con- 
centrated caustic potash, or by fusion with 
potash, the decomposition products are mainly 
phloroglucinol and p-oxy-benzoio acid, but a 
small quantity of protocatechuio acid is also 
formed. 

Pelargonidin i/r-base C15H12O*, colourless 
prisms, not melting below 350° C., is formed 
when the chloride is heated with water (pr^ 
ferably by addition of a trace of sodium bi- 
carbonate), the pijoduct extracted with ether, 
and crystallised from water. It is very easilj^ 
soluble in alcohol, ether, and hot water ; acidi- 
fication of an aqueous solution with HCl causes 
the deposition of the chloride. 

Pelargonidin chloride dyes wool (tin mordant) 
purple-rcd, and tannined cotton bluish-red ; 
it does not dye unmordanted wool. 

Cyanldin, first isolated by Willstatter and 
Everest {he.) from the blue cornflower pigment 
(cyamn), may be obtained by hvdrolyais of 
this or any other of its naturally occurring 
glucosides, or from its methyl ether, peonidin, 
by demethylation. Glucoside-pigments derived 
from cyanidin have been isolated from, or 
detected in, the flowers of blue, and deep purple, 
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cornflowers, nm gaUka, peony, ohrysanthomum, 
dahlk (deep red), aster, poppy. Zinnia ekgans, 
gladiolu (nybiid), gaiUardia hicolof^ hdenium 
auiwnnaley tidijm gesnerianat tropoeolum majut, 
and in the fruits, or berries, of the sweet cherry, 
sloe, cranberry, red currant, raspberry, and 
mountain ash. In some cases they are aocom- 
panied by derivatiTes of other anthocyanidins 
l*u various papers by Willstatter and his 
collaborators). 


Cyanldln chloride CuHnOaOl, 3;5:7-tri- 



crystallises readily from 20 p.c. HCl, when its 
pure glucosidpf! are hydrolysed by boiling with 
this reagent for tliree minutes, the crystals, 
long red- brown needles with metallic lustre, 
contain lHj,U. which is very difficult to remove, 
complete dr^iug being only obtained at 105° 0. 
in high vacur.in The anhydrous s-nlr ddbs nut 
melt below 300° (■ ; if dried at 50° C. it molts 
at once if dip])ed into a bsih at 220° C , but does 
not melt if put in at 200° C., an<l 1 he temperature 
then gradrally raised. It is \cry soluble in 
methyl, or ethyl alcohol ; fairly solubh' m dilute 
sulphuric acid ; dinicuUlv soJulde in IICI. 
Neutral alcoholic or aqueous solutions lose 
their colour on standing owing to pse.udo-hase 
formation, acids reproduce colour, slowly if cold, 
rapidly if w^rm. The absorption spectrum 
shows one broad baud with ill-delined edges. 

Cyanldln colour base, separate.^ in cry.stalline 
condition when a hot concentrated solution of the 
chloride in alconol is mixed wit.h twice its 
volume of water (c/, Willstatter and Nolan, 
Annalen, 1915, 408, 13). It is fairly soluble 
in alcohol or pyridine. 

Cyanldln pseudo base CjbHuOv, crystallises 
with one mol. H,0 when a dilute solution of the 
chloride in alcohol is mixed with twice it« volume 
of water, warmed gently, then, after it has 
become colourless, evaporated in vacuo, extracted 
with ether, and the product crystallised from 
water. Readily soluble in water, alcohol, 
acetone, or glacial acetic ncid, it is insoluble in 
benzol; witn soda -t gives a yellow colouration, 
with HCl cyamdin chloyde is formed and 
crystallises out. When decomposed by means 
of fused alkali protocatechuic acid and phloro- 
gluoinol are produced. • 

Cyanidin chlorides dyes wool (tin mordant) 
blue- violet, cotton (tannined) violet, and unmor- 
danted wool line rose (Willstatter and flallison), 

Delphlnidln, first obtained by Willstatter 
and Miog (Annalen, 1916, 408, 61) from the 
pigment of purple wild delphinium (delphinin), 
may also be obtained by hydrolysis of violanin, 
the only other glucoside of delphinidin itsidf 
that has as yet been isolated, or by demethyla- 
tion of its mono- or di-methyl ethers, several of 
which occur, as gluoosidbs, in a variety of 
flowers and fruits. 


Delphinidill chloride OisHnO;!:!!, 3:0:7- 
trihydjroxy-2-w i m : p •. trihvdroxyphenyl-l w4- 
benzopyranol-anhydrochloride : 



prepared by boiling the above-named glucosides 
with 20 p.c. HCl for two minutes, rarely sepa- 
rates pure from the hydrolysis as it is affected 
by concentrated hot HOI. Four distinct crystal- 
line hydrates have been described by Willstatter 
and Weil (Annalen, 1910, 412, 178), viz. w4th 
IHjO, I.UI2O. 211,0, and 4H2O. W. and W.’s 
‘first hydrate’ (2lf,0) separates from cold, 
aqueous alcoholic hydrochloric acid solutions 
(prepared by addition of 7-20 p.c. HCl to an 
alcoholic solution of the colour) when the alcohol 
is allowed to evaporate slowly ; it forms 
aggregates of prismatic tablets ; their ‘ sec ond 
hydrate’ (IHjO) -separates from cold, 3-5 p.o. 
hydrochloric acid as thin, sharply-cut, deep- 
violet, rhombic tablets; their ‘third hydrate’ 
(4llj,0) is deposited from 6 p.c, hydrochloric 
acid in the form of fine red -brown prisms and 
needles; their ‘fourth hydrate’ (l^HjO) 
separates from hydrochloric acid containing 
more than 20 p.c. HCl, and is readily prepared 
by adding concentrated II Cl to a solution of the 
colour in water, or dilute H('l, when an amor- 
jihous precipitate is first produced, but this 
slowly crystallises. All the above hydrates 
lose their water of crystallisation in a vacuum 
desiccator at room temperature. Of thqgo 
hydrates the third and fourth appear most 
readily obtainable. 

The chloride la easily soluble in methyl, or 
ethyl alcohol, and in water — the aqueous solution 
soon deposits violet flakes of the colour base — 
it IS difficultly soluble in sulphuric acid ; 

ether extracts a portion of the colour from an 
aqueous solution, but aliaking the ether extract 
with aqueous aeid completely removes the 
colour. Addition of soda to an acid solution 
yields a fine blue colour ; ferric chloride added 
to an alcoholic solution gives a pure blue, to 
an aqueous solution a violet colouration. When 
the chloride wa.s treated with caustic potash 
(75 p.c.) at 250° C., Willstatter and Mieg ob- 
t'lmcd phloroglucinol, pyrogallol, and a small 
amount of gallic acid. The absorption spectrum 
consists of one band (yellow-green), which is 
fairW well defined. 

Delphinidin sulphate, long prisms, from hot 
dilute sulphuric acid. Iodide, brown prisms, 
or leaflets, obtained by boiling the chloride with 
concentrated hydriodic acid and phenol. Pi- 
crate, fine red -brown needles and prisms, diffi- 
cultly soluble in water. Colour hose, amorphous 
violet precipitation l^eposited from neutral 
aqueous solutions of tho» chloride on standing. 
Pseudo base obtained by Tp,rming a 

dilute solution M the chloride with a trace of 
primary sodium ‘ phosphate, extracting with 
ether and recrystallising the product from water 
or ether ; coloufless prisms, no melting-point ; 
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easily soluble in aloobol, acetone, ethyl acetate, 
or# glacial acetic acid, less soluble in ether, 
insoluble in benzol ; aqueous soda dissolves it 
with a yellow colour, aqueous hydrochloric acid 
converts it into the chloride. 

Dolphini^in chloride dyes mordanted wool 
(tin) blue, with violet tinge, tannined cotton 
blue-violet, and unmordanted wool violet. 


Mkiiiyl Kiiiek (ik CrAMniiN. 

Peonldln, obtained by WiUstotter and Nolan 
(Arinalen, 1915, 408, 166) from the pigment of 
the deep violet -red peony, has been proved 
them to be a mono-methyl ether of cyanidin. 

Peonldln chloride C j all , 3O „( U forms a crystal - 
line hydrate with IHjO, long red-brown ncedlcR, 
fairly soluble in cold water, very soluble in hot : 
very soluble in alcohol; very ditiicultly soluble iii 
co<d, easily soluble in hot i p.c. HCl, recrystal 
lising well from this medium. Witli boiling 
hydriodic acid it yields cyanidin iodide ; an 
acid solution yields a blue colour on addition of 
soda; ferric chloride gives no eh aract eristic 
colour react, ion From 1 In > ferric chloride test, 
together with tlie alkaline decomposition, whicli 
yielded evidence of a methyl ether of_ the 
phenolic acid, but no methyl ether of phloro- 
glucinol, and further, as the result of Zeiscl 
estimations, Willstatt/cr and Nolan suggest the 
formula* : 


OMe 



as probable for poonidin chloride. 

Peonldln sulphate, brown-red iie®dlcs, from 
7 p.c. 8,queou8 sulphuric acid. 

Methyl Ktheks or Deli’Iiimdin. 

(a) Mono-mcihyl Ethers. 

Ampelopsidin, isolated as tlie chlorid(- 
Cl JIijOjCl, by Willstatter and Zollinger (Anna- 
len, 1916, 412, 216) from the ])ignicnt of the 
ampelopsis (see below), crystallises in ])ri8ins 
containmg water of crystaliisation, the amount 
of which has not yet been definitely settled, 
and probably has the structure : 



Its investigation is not yet complete. 

MyrtUUdln has been obtltincd from the 


pigments myrlillin or althein (see below) by 
Willstatter and Zollinger (Annalen, 1916, 408» 
8.3; and 1916, 412, 205) in the form of the 
crystalline chloride CifiHijOiCl, clusters of deep 
brown prisms, or red -brown prismatic tablets, 
containing Upon evidence obtained 

from alkaline decomposition, and consideration 
of the ferric chloride reaction, W. and Z. con- 
sider that the chloride has one of the following 
structures, viz. • 



Petunidin, prepared by Willstatter and 
Burdick (Annalen,,. 1916, 412, 217) from the 
pigment of the cultivated petunia (sec lielow), 
forms a crystalline chloride yellow- 

brown prisms, or rhombic leaflets, ' containing 
2H,0; it is closely related to, but somewlia't 
different from, myrtillidin, and W. and B. con- 
sider that petunidin is represented by one, anrl 
myrtillidin by the other of the two structural 
formula* set out above under myrtillidin, but 
at present a decision between them is not 
possible. 

Anthocyanidin f/om Vilis Riparia Pigmeyit, 
This product is jirohably one of tlie other 
possible mono-methyl ethers of delphinidm, but 
the work on it as yet is very incomplete. 


(6) Di-methyl Ethers. 

Malvidin. This compound has been isolated 
from the pigment of the wild mallow (see below) 
by Willstatter and Mieg (Annalen, 1915, 408, 
122), who obtained it in the form of its crystal- 
line chloride Ci7H,507CI, deep-brown needles 
or prwms, often in rosettes, containing 2HjO. 
of which the last IH^O can only be removed at 
105° C., in high vacuum. It does not melt 
below 300° C. Easily soluble in methyl or 
ethyl alcohol, but tlic solution in methyl alcohol 
soon deposits a crystalline precipitate ; fairly 
soluble in amyl alcoliol, it, is difficultly soluble in 
dilute sulphuric acid. It gives no ferric chloride 
reaction, from which, and the fact that they 
obtained evidence from alkaline decomposition, 
that one MeO grouji was in each of the benzene 
nuclei, W. and M have put forward the 
stnicturalformul e ; 
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for this compound. 

Picratc, red- brown ncedk':-:, diflicultly soluble 
in water. 

Oeiiidin has been prepared by Willstattor 
and Zollinger (Annalen, ID ID, 40S, S.‘{ ; and 
191(5, 412, 195) from the pigment of the black 

E , or rod wine. It ajipears to exist in 
grapes, with the gliicosidc oenin. 

Oenidin chloride crystallises in 

deep brown prisms or needles, with bronze 
reflex, containing UllgO, of whith the last 
half molecule is not removed until heated to 
135° C. m high vacuum. It is r'-adily soluble 
in water, in methyl or ethyl alcohol, m dilute 
HCl or dilute sulphuric acid , an amd solution 
becomes violet on addition of soda, but blue 
with caustic soda. From the products of 
alkaline decomposition (which showed that no 
McO group was present in the portion of the 
molecule which yielded jihloroglucmol, hut at 
least one was in the other*phenyl group), and 
the absence of a feme clilorido reaction, WiU- 
statter and Zollii'ger have iiroposod the following 
formuLe for this compound, viz. ; 


)-(« 
iX /■ 

Y on 
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or V A /Cv OH 

I X)/ ^OMe 

HO I 
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Picrafc, fine deep red prisms, very difficultly ' 
soluble in water. 

All the above-nn ntioned mono- or di-methvl 
ethers of delphi’iiain yield delphinidm iodide 
when boiled with concentrated hydriodic acid. I 

TiiK OLncosioKs (Antuuovanin.s). • 


Yellow sap pigments, flavone derivatives, 
being but very faintly coloured unless present 
as alkali salts, rarely play any great part in 
the colouration of flowers, except m tho produc- 
tion of pale yellows, as in the primrose, or 
together with anthocyanins, wheia these are 
not strong, of pale peach -colour etiocts ; on the 
other hand, tne strongly yellow, or orange, 
carotinoids produce — beyond the colourations 
for which they are solely responsible — orange 
and brown shades when present together with 
anthooyans. 

Owing to the varying sap conditions which 
occur, and their elTect on the pigments, it is 
not easy, and is often impossible, to obtain, by 
means of mere observation, any accurate estima- 
tion of tho quantity of an,anthocyan pigment 
present in a flower; moreover the -shades pjo- 
dneod by different niithecjaniiis often roscmDle 
one another so closely as to make disi'nimnatioii 
between them impossible {cf. Willatattcr and 
Mallison Annalen, 408, 147). 

Methods of Isolaliou. 

Willstatter and Mallison (f.c.) summarise 
the various methods used for the isolation of 
anthoeyanin pigments thus : — 

I. Precipitation and crystallisation of the 
chloride, e.g. pclanjomu. 

II. Special purification of the pigment 
followed by crystallisation of the chloride, e.g, 

vrt) (Jyanin (i). from blue cornflower, by 
[mrilieation of the alkali salt by precipitation 
with alcohol from aqueous solution, followed by 
conversion to the chloride and fractional puri- 
fication from alcohol by ether ; 

(li.) from rose, or peony, by long standing 
with a mixture of glacial acetic acid, methyl 
alcohol, and ll(.’l, wlicieby impurities are 
hydrolysed or acotylated. • 

{b) My rklh a, by repcati'd punfleation from 
aqueous S(flution by HCl. 

(c) Dclphinm (i.) by puiilication of violet 
colour base from dilute alcohol, soluble by addi- 
tion of concentrated alcohol 

(ii.) by gently warmiug Vith HCl, whereby 
impurities are hydrolysed, but not the delphinin. 

III. Precipitation of tlie pigment as crystal- 
line picrato, followed by conversion of the pure 
picrate to chloride, c g. Oenin, myrtiUin, idct&iu. 

1. Dell valines of Pclargonidin. 

Pelargonin, a diglucoside of pelargonidin, 
ihe pigment of tho scarlet pelargonium zonalc, 
was so named by Willstatter and Bolton (Anna- 
k 11 , 1915, 408, 42), to whom we owe our chemical 
knowledge of this pigment. Cf. earlier workers, 
Cnffiths (I.C.), Molisch (l.c.), and Grafe (l.c.). 
Willstatter and Bolton have also shown that 
I this colouring matter occurs in the pink corn- 


The glucosido members of this group are the 
pigments producing the reds, purples, and blues 
which form so noticeable a part of the colourings 
of flowers, fruit, and autumn leaves. In many 
instances one pigm -nt may produce all those 
shades, tho colour being dependent on the con- 
ffition of the cell sap ; thus cyanin, as its potas- 
4 Sium salt, is the blue of the blue cornflower ; 
as the colour base, it is the purple of the deep 
purple kinds of the same plant, whereas the 
same pigment in combination with plant acids 
gives we red colour to Rosa gallica. 


' flower, and the cactus dahlia (ibid. p. 149). 
i Pelargonin' chloride Ga^HaiOiBCl crystallises 
in long red needles, containing 4Hj.O, all of 
which is lost in vacuum desiccator at room 
temperature. When anhydrous it softens at 
176® d, melts at 180° C. (decomposed). Not 
very soluble in water, methyl, or ethyl alcohol, 
its alcoholic solutions snow chaw-oteristio 
greenish -yellow nuorescente. It is optically 
active. W. and B. give [a]u=— 291®, [a]ei 4 =* 
— 180® ; the salt^hows an absorption spectrum 
consisting of one broad band. 
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Basic chloride 

(C,;H„0,,C1),(027H,oO,,)-12H,0, 
deep violet mioroscopio needles, obtained by 
boiling the normal chloride with 96 p.c. alcohol 
for a few mitutes. Acetate 

(C2 7HjQOiB)j'(Cjj7HjoOifi'Oj5H^On), 

fine red needles from a solution of tiio base {see 
below) in warm glacial acetic acid. Pclargonin 
hase C27H60O1B) amorphous, difficultly soluble 
m water or alcohol, obtained by the action of 
a small quantity of water on the normal clilonde. 

Salvianin (Willstatter and Holton, Annalen, 
1916, 412, 113), P«s yet only obtamed erystallme 
as picrate, is the pigment of tlie scarlet Salna 
splendens, in which it occurs to the extent of 
ca. 6 p.c. The chloride (not crystalline) when 
cofiapletely ’ hydrolysed, yields pelan-omdin 
chloride {ca. 30 p.c.), glucose (;</. 30 pc ), and 
malonic acid (ca. 25 p.c.). It behaves almor- 
mally in distribution between amyl alcohol and 
aqueous acid, and it appears possible tliat 
the glucose is jiri'sent in a dehydnit(‘d form j 
CeHiuGg. Careful hydrolysis with HCl appears j 
to remove the malonic acid, yielding a now pig- ] 
ment Salvin chloride, probably C2;H270,5C1 (a 
diglucosido of pelargonidin~2H30), which shows 
the same abnormal distribution as the previous 
compound ; this was obtained in a crystallmo 
condition by W. and B. Further gentle hydro 
lysis then yields a true diglucosido of pclargonidin 
wliioh was named Salvinin cJdonde C2:Il3iOit,('l , 
this body shows normal distribution for a 
diglucoside anthooyanin, whilst by further 
careful hydrolysis it yields a niono-glucosule ot 
pelargonm and glucose (1 mol.), whilst finally 
the monoglucoai^e yields iiclargoindin and 
glucose. W. and B. have not completed their 
investigation of these })igiiieiits, and the names 
they have used are stated to be tentative. 

CalUstephin, a mono-glucosido of pelargonm, 
is present together with asterin (a eyariidin 
gluooside) in purple-red asters {Callisiephas 
chinensis (Nees), syii. Aster chitiensis { lann.), from 
which it was isolated by Willstaitiu and Burdick 
(Annalen, 1910, 412, 149). it was separated 
from asterin by fractional precipitation from 
alcohol by ether, and recrystalhsed from aqueous 
alcoholic hydrocliloric acid. Chloride 

C23H2,OioC1, 

fine orange-red needles containing 2-24 HjO ; 
easily soluble in water, alcohol, or dilute acids 
(HCl, H2SO4). Acid solutions become red- 
violet with alkalis ; it gives no ferric chloride 
reaction ; unlike pelargonm it does not show 
fluorescence in alcoholic solution. 

Pelargonenin, a mono-glucosido of pelargo- 
nidin, has been prepared by Willstattcr and 
Bolton (Annalen, I'.llO, 412, 133) by partial 
hydrolysis of pelargonin with cold concentrated 
HCl, any pelargoiiidm produced being removed 
by means of amyl alcohol, and the chloride 
crystallised from warm 2 p.c. H(d. Chloride 
CiiHjiOioCl, scarlet-red needles, probably con- 
taining 2| mols, water, sparingly soluble in water, 
very * difficultly soluble in dilute HCl; its 
alooholip ^Solutions show strong uorcscence. 

2. Derivatives of Cyanidin. I 

Cyanin, the pigment of blut or purple corn- ' 
ilowera, also occurs in gallka, and deep rod 


dahlia flowers ; it is a diglucoside of cyanidin. 
Willstattcr and Everest (Anneden, 1913, 401, 
189) first obtained it in a pure condition, as the 
crystalline chloride, from the blue cornflower ; 
it is, however, more readily prepared from Rosa 
galUca (W. and Molan, Annalen, 1915, 408, 1), 
or the deep red dahlia ( W. and Mallison, Annalen, 
1916, 40H, 147). The chloride C,7H,iOi8Cl, 
red-brown rhombic leaflets containing 2^ mols. 
of water can only be completely dried at 106° C. 
in liigh vacuum. Air-diicfl it is very difficultly 
soluble in water, acetone, or chloroform, diffi- 
cultly soluble ill cold alcohol or dilute HCl, 
insoluble in benzol. In 7 p.c, sulpliuiic acid it 
is fairly soluble, but the sulphate separates out 
from the solution. Soda added to an acid solu- 
tion gives a pure blue ; feme chloride gives a 
line blue in alcohol, violet in water. It shows 
a single absorption band covering the green and 
blue ; it is optically active, Wdlstatter and 
Nolan give, for white light, [a]— —268° (il0°). 
Picrate, red needles, very soluble in water. 
Cyanin potassium salt, the blue pigment of the 
coriiflowiT, was obtained crystalline, but not 
free from KaCl, by VVillstatter and Everest, 
after purification by dialysis. It is very soluble 
m water, insoluble in alcohol ; its blue aqueous 
solutions become colourless on standing owing 
to foirnation of psck'do- base, wiiercas in 20 p.c, 
NaCl solution the colour is stable for months. 

Mekocyanin, isolated by VVillstatier and 
Weil (Amialcn, 1910, 412, 231), is one of the 
pigments of the pojipy {Pa paver rheeas {Lmn.)), 
and a diglucoside of cyanidin. Its isolation is 
difficult, and involves a separation from a 
second pigment which lias not yet been investi- 
gated. Tlie chlondc crystallises 

i m needles containing SJIgO, 2 mols, bemg 
j readily removed, Ibe third only at 106° 0. in 
1 high vacuum. Very easily soluble in water, 
dilute HCl, faiily soluble m methyl, difficultly 
} soluble in e.thyl alcohol, msoluble in acetone, but 
soluble m a nuxluio of acetone and water; its 
' ri'actions closely resemble those of cyanin 
chloride, Fertocyanide, fine red- brown needles, 
prepared by adding potassium foirocyanide to a 
solution of the chloride in very dilute HCl ; 

, fairly soluble 111 water, sparingly soluble in 
I alcohol. 

j Mekocyanin chloride, when carefully hydro- 
lysed, first 3'ieids a mono-glucoside (idontioal 
I with ChrysatUhemin) and 1 mol. glucose, then 
by further hydrolysis cyanidin and a further 
molecule of glucose. 

' Keracyanln, a rhamno-glucosidc of cyanidin, 

I is the pigment of the sweet cherry {Pruniis avium 
(Linn.)), and has bSen isolated by Willstatter 
and Zollinger (Annalen, 1916, 412, 164) from the 
skii 3 of that fruit ; the purification is tedious, 
and not final m form. The chloride C27H31 OuCl 
occurs in two forms, fine needles containing 
4H3O, and short brown-yellow prisms contain- 
ing 3H2G. I’be salt is easily soluble in methyl 
alcohol, fairly soluble in ethyl alcohol, difficultly 
soluble 001-0*1 p.c. HCl, -but easily soluble 
1 p c. HCl, then less soluble as the concentration 
of HCl increases. 

Prunicyanin, isolated by Willstatter and Zol- 
linger (Z.c.) from the skins of the sloe (blackthorn, 
Prunus spirma (Linn.)) is a rhamno-glucoside 
of cyanidin, closely resembling mekocyanin; 
its investigation is not yet complete. CfUoridc, 
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not obtained crystalline, but as small spherical 
particles; yields, on hydrolysis, cyanidin chloride, 
rhamnose, and a hexose (not yet identified), in 
approximately molecular proportions. 

Asterin, one of the pigments of the purple- 
red aster {cf. Callistephin), has been isolated by 
Willstiitter and Burdick (l.c.), it is a mono- 
glucoside of cyanidin. The chloride CjiHgiOuCl, 
red-brown prisms, containing lIlljO, closely 
resembles chrysanthemin chloride in its reac- 
tions, but differs greatly from it in solubilities 
in dilute acids. 

Chrysanthemin, isolated by WilLstatter and 
Bolton (Annalcn, 1916, 412, 136), a mono- 
glucoside of cyanidin, is the pigment of the deep 
red chrysanthemum {Chrysanthemum indicum 
(Linn.)). The chloride OjjiHjiOuCl, red-violet 
leaflets containing l|IIaO, resembles Idain 
chloride in many respects. Picralc, thin red 
prisms, difficultly soluble in water, sinters at 
155° C., molts at 106° C. (decomp.). 

Idmin, the pigment of the cranberry ( Vacci- 
nium vitis ideea (Linn.)), has been isolated by 
Willstatter and Malhson (Aimalen, 1915, 408, 
16) ; it is a mono-galactoside of cyanidin. The 
chloride CaillaiOuLl, brown-red prisma con- 
taining 2lHaO, melts at 210° C. (frothing). 
Easily soluble in water or alcohol, almost 
insoluble in dilute llCl ; ferjic chloride g^vos a 
blue colour in alcohol, a vimet in water. It is 
optically active, W. and M. give : [a]o-— 219° 
(±15°). Picrafe, red needles, more soluble in 
hot than in cold water. Sulpkntf, brown rhombic 
crystals from 7 p.c. sulphuric acid. 

Peonln, a cliglucoside of peonidin, the pig- 
ment of the deep violet-red i*cony, has been 
isolated by Willstatter and Nolan (Annalcn, 
1916, 408, 136). The chloride ('jpHjsOuCI, 
red-brown mcdles containing .^lIjO, m.p. 
165° 0. ; for complete drying i00° 0. in high 
vacuum is necessary. Very easily soluble in 
water, easily soluble in alcohol, insoluble in 
acetone ; it resembles cyanin in many reactions, 
but ferric chloride gives no characteristic 
reaction. It is optically active. W. and N. give, 
for white light, [a]=-191° (±5°). Picralc, 
red-brown needles, from water. 

3. Derivatives of Delphinidin. 

Delphinin, the pigment of the purple wild 
delphinium ( Delphinium consolida (Linn )), has 
been isolated by Willstatter and Mieg (Annalen, 
1915, 40H, 61), and is a complex derivative of 
delphinidin. Lnlikc all other known anthocyan 
pigments, it docs nut appear to form a pscMdo- 
base when its ncut.ai aqueous solution is allowed 
to stand, or is warmed.* Although the free 
colour base can be isolated by fractional pre- 
cipitation with alcohol, the compound is Jest 
isolated as the chloride C4iH390aiCl, which 
appears to crystallise with 12 mols. of wmter, 
of which, however, only 10 can be removed 
even by drying in high vacuum at 130° C. It 
forms deep-red pi ismatic tablets or prisms, and 
dried as above sinters at 160°-160° C., th< n 
melts at' 200*-203° 0. (decomp, and swelling). 
Easily soluble in methyl alcohol, difficultly 
soluble in ethyl alcohol, in dilute BtCl (over 
O'fl p.o.), or m dilute sulphuric acid; water 
rapimy produces the colour base ; ferric chloride 
gives a olue colouration in aqueous or alcoholic 
solution ; s^ium carbonate, to an acid solution, 


gives a fine blue. The salt is optically active, 
W. and’M. give [a]o=:-1364° (±160°) ; [a],u- 
—2273° (±160°); its absorption spectrum 
consists of one broad band. When hy^olysed 
it yields delphinidin chloride (1 mol.), glucose 
(2 mols.), and p-oxy-benzoic aoidi (2 mols.). 
Colour base, produced by the action of water 
on the chloride, and recrystallised from dilute 
alcohol by slow increase m the concentration of 
tho alcohol, forms rosettes of violet needles. 
Picrate, red-brown flocculent precipitate, very 
difficultly soluble in water. 

Violanin, isolated by Willstatter and Weil 
(Annalen, 1916, 412, 178) from the blue-black 
pansy, and by Everest (Hoy, Soe. Proo. 1916, 
ll, 90, 261) from tho purple-black viola, is a 
rhanmo-glucosido of delphinjdin. The chloride, 
probably Oj-HjiOteLl, forms deep rod hexagonal 
or tetrahedral plates or tablets containing abotit 
16 p.c. of water. Its solubility in aqueous HCl 
decreases up to ca. 12 p.c. liCl, but increases 
again after ca. 20 p.c, HC'l is reached ; it is almost 
insoluble in dilute sulphuric acid ; with soda an 
acid solution gives a blue colour ; ferric chloride 
gives pure blue ni alcohol, or in water. Hydro- 
lyses yields delphinidin chloride, glucose, and 
rlianinoso in appr^cximatoly molecular propor- 
tions. Pic talc, cherry-red needles, fairly soluble 
ill water. 

Ampelopsin, the ])igmcnt of tho berries of 
Ampelopsis quinquefolta (Michx.), Vths hede- 
raced (Ehrh.), has been isolated by Willstatter 
and Zollmger (/.r.) ; it is a mono-glucoside of 
ampelopsichn. Tho chloride crys- 

tallises ill prisms containing 4H2O ; easily 
soluble in methyl or ethyl alcohol ; sodium 
carbonate gives violet, caustic soda a blue 
colouration when added to qn acid solution ; 
ferric chlondo only produces a weak reaction. 

Myrtlllin, the pigment of the bilberi;y 
{Vaccinium myrlillus (Linn.)), lias received at- 
tention from earlier workers -rf. Andree (Arch. 
Pharin. 1879, 13, 00), Hoise {l.c,), and others — 
but its isolation is duo to Willstatter and Zollin- 
ger (Annalen, 1016, 408, 83 ; and 1916, 412, 206). 
ft IS a mono-glucoside c* myrtillidin. Tho 
cidjude Caalln/Lz^'h forms red brown tablets 
containing 4H/J, whieli is only Ic st completely 
111 high vacuum at 106° C. it is very soluble 
in water, or methyl alcohol, but less soluble in 
ethyl alcoliol. Ferric cliloride gives a blue in 
alcohol, violet in water ; sodium carbonate 
produces blue-violet, caustic soda blue when 
added to an acid solution. Its absorption 
spectrum shows one band with ill-defined edges. 
Picrnle, red needles, difficultly soluble in water. 

Althein, the pigment of the black hollvhock 
{AUliaia rosea (Cav,)), has been isolated and 
di'.seribed by Willstatter and Martin (Annalen, 
1015, 408, 100; cf. Polyt. Zontralblt. 1860, 
1640; Gian, he. ; and Grafo, he.). The chloride 
Cg.^l{^30iaCi vhich crystallises in brown-red 
prisms containing 4H2O, is easily soluble in water, 
dilute HCl, dilute suljihuric acid, or in methyl 
or ethyl alcohol, but almost insoluble in glacial 
acetic acid ; ferric chloride gives a violet-blue 
coloui in alcohol, and vi«let in water ; sodium 
carbonate produces a blue colour wlien added 
to an acid solution. It is optically active. W. 
and M. give 666° ; [ao]=— 645°; 

[a]«8»=— 291°. ,Tho picraie is crystalline and 
difficultly soluble. 
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Petunin, the colouring matter of the purple- 
blue petunia ‘ Karlsruher Rathaus,’ was isolated 
by Willstatter and Rurdick (Annalen, 1916, 412, 
217); it is a diglucoside of pet unidin. The 
cA/oride C28H33O17CI crystallises in prisms con- 
taining 2HaO, which sinter at 105® ( 3 . and melt 
at 178° C.* It 18 difficultly soluble in dilute 
HCl, fairly soluble in dilute sulphuric acid, 
easily soluble in methyl, but less so in ethyl 
alcohol ; ferric chloride gives a poor blue colour 
in alcohol, or m water ; sodium carbonate turns 
an acid solution blue. 

The anthocyanin from the skins of the berries 
of VUia riyaria is a mono-glucoside of a delj)hi- 
nidin mono-methyl ether, but, though obtained 
in a finely crystalline condition by Willstatter 
and Zollinger (l.c.), it has not yet been com- 
pletely investigatoch 

. Malvin, isolated by Wdlstatter and Mieg 
(Annalen, 1915, 408, 122) from the fiowei.s of tin' 
wild mallow (Jfafi’a ,si/cr.s/ri.s (Linn )), is a diglu- 
coside of malvidin. The chloride 
forms long red prisms, or bundles of needles, 
containing HtlaO, all of which is lost at room 
temperature in vacuum desiccator. Difficultly 
soluble in dilute DCl, or dilute sulphuric acid 
it is easily soluble in methyl alcohol, but less so 
in ethyl alcohol. It gives no ferric chloride 
reaction ; sodium carbonate turns an acid 
solution blue. Picwtc, red needles, fairly soluble 
in water. 

Oenin, the pigment of black gra[)es, and of 
red wine, has boon the subject of mciny investiga- 
tions from the time of Berzelius (1-S37), ))ut 
Willstatter and Zollinger (Annalen, 191(5, 412, 
198) first isolated and described this substance, 
which is a niono-glucoside of ocnidin. The 
cA/orirfeCjaHjfiOjaCl, deeji red piisms containing 
4 or OHjO, is easily soluble in water, fairly 
soluble in dilute HC3, easily soluble in dilute sul- 
phuric acid, fairly soluble m ethyl, and more so 
in methyl alcohol. With ferric chloride it gives 
no colouration ; with sodium carbonate an acid 
solution becomes blue. It is optically active, and 
W. and Z. give 542° (±60°); and 

[o]q=— 421° (±30°); its absorption spectrum 
shows one band. Picraie, bundles of carmino- 
red needles, difficultly soluble in cold water, 
easily soluble in hot. 

^ The colour reaction with alum, described hy 
Willstatter and colloffioratoi s for many of the 
pigments of this series, is due to traces of iron 
m the reagent (A. E. Everest, Proc. Roy. Soc. 
1918, B. 90, 260). 

Dyeing Propertils of the Anthocyans. 

The anthocyanina and anthocyanidins are 
capable of dyemg not only on mordanted wool, 
but also on tannined cotton, and indeed some 
are described by Willstatter as capable of dyeing 
unmordantod wool. 

The shades obtained vary from rose to 
violet and blue, and are fast to light, but very 
unstable to most reagents, and, owing to pseudo- 
base formation, even to water. 

The substances prepared by Watson, and 
ipentioned above, resemble the natural antho- ; 
14 tinctorid properties, ihough some of | 
show very much greater''^ fastness, and in | 
tlfis respect approach the requirements of 1 
ueutulical practice. ^ , 


Everest and Hall (private oommunication) 
have confirmed the fact that the affinity of the 
anthocyans for tin-mordanted wool is connected 
with thv* phenolic OH groups present in them. 
They have also shown that their affinity for 
tannined cotton is independent of these groups, 
but dependent upon the presence of the jiyryliura 
ring. Thus the < o'li pound : 


01 



wliicli is the parent of all the anthoc'yanidins, 
lias no affinity for tin-mordan(ed wool, but 
readily dyes tannined cotton. On the other 
hand the compound from which the above 
substuiico 18 formed by i losing flic pyrylium 
ring 



lias nC dvomLr jiroplirties 

Further observations have also shown that 
the compounds which Watson described as 
dyeing tm-inordanted wool also fall into line in 
n spect of tannined cotton, w hich they dye very 
readily. 

ll is no' al> all impossible that a new series 
of technically useful (olours for tannined cotton 
may result from further research in this field. 

For fuller detads the original jiapers, or 
The Natural Organic Colourmg Matters, Perkin 
and Everest (Sc'riiis of Monographs, Longmans), 
should be consulted. A. E. E. 

ANTHOKIRRIN. The yellow crystalline 
matter of the flowers of the yellow toadtlax 
{Linaria vulgaris). Formerly used as a dyeing 
material, but the colour is not permanent. 

ANTHOKYAN, The expressed juice of the 
sweet or purple violet {Viola odorata), gently 
heated to 89*, then skimmed, cooled, and 
filtered. A little rectified spirit is then added, 
and the following day the w'hole is again filtered. 
Used to make syrup of violets, and to colour and 
flavour liqueurs. 

ANTHOPHACIN. A term given by Mobius 
(Chem. Zentr. 1901, i. 190) to the brown colouring 
matter of flowers. 

ANTHRACENE Cj 4H1 o- Discovered by Dumas 
and Laurent in the highest boiling portion of 
coal tar, and termed by them yaranaphthalene 
(AiAialen, 5, 10) ; further examined by Laurent, 
wffio ro-namod it anthracene. (Annalen, 34, 287) ; 
first obtained pure, and its composition deter- 
mined, by Fritzsche (Annalen, 109, 249), and 
more exactly studied by Anderson (Annalen, 
122, 294 ; Chem. Soc. Trans. 16, 44). 

Occwrrence. — Anthracene la one of the pro- 
ducts of the destructive distillation of coal, and 
IS found in the tar ; the average yield of the 
pure hydrocarbon is about 0*3 p.c. of the tar 
obtain^. 

A new source of anthracene has been an- 
nounced (Dingl. poly. J. 246, 429) in the tar 
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obtauit»d wj^n the residue, left after the illumi- 
natiiig oils nave been distilled from Baku petro- 
leum, is allowed to fall on pumice in rod-hot iron 
retorts. 1000 kilos of naphtha residue under 
these conditions yield 500 c.m. of gas, used to 
heat the retorts, and 300 kilos, of tar, containing 
about 0-2 p.c. of pure anthracene, 'J’he supply 
of the naphtha residue is, however, too limited 
to render anthracene from this source a serious 
competitor with that from coal tar. 

According to Elliott (Amer. Chern. J. 0, 
248), the tar obtained in the manufacture of 
gas by the destructive distillation of light 
petroleum naphtha boiling below 150® contains 
2-63-2-90 p.c. of anthracene. A remarkable 
production of anthracene, during the distillation 
of the higher-boilmg portions of crude jihenol, 
has been observed by Kohler (Her. 18, 850). 

Anthracene is oblaiued by the disl illation 
of rhein with zme-dnst (Oesterlo and d'esza, 
Areh. Pharm, 1908, 432); hut this jaoduction 
is of no commercial value. 

Preparation (AiuTbach, Dan Anthracen und 
poino Derivato ; Kopp, J. 1878, 1187; Perkin, 
Journ. Soc. Arts. 27, 572 ; Lunge, Loal 'J’ar and 
Ammonia). — Anthracene is obtained from the 
' green grease ’ which forms the last- portion of 
the ‘ heavy oil ’ or ‘ dead oil ’ of the tar distiller ; 
this at first is greenish-yellow in colour,^ but 
turns more broivn by thoactfon of the airfand 
becomes semi-solid on staiuhng, owing to the 
separation of solid substances. It contains, 
amongst other substances, naplithalene, mctb;yJ 
naphthalene, anthracene, methyl anthracen'', 
phenanthrene, chrysene, carbazol, and aciidino. 
together with hydrides cif anthracene and 
phenanthrene ami other liigh- boiling liquids. 
When no further separation occurs, the mass is 
subjected to filtration, cither m a centrifugal 
machine or a filter press, first in the cold and 
finally at 40® (Gessert, i)mgl. poly. J. 190, 543) ; 
or is filtered through strong linen bags, and 
afterwards submitted to hydraulic pressure in a 
press so arranged that the plates can bo heated 
with steam and the cake hot-pressed. A 
notable quantity of anthracene remains dis- 
solved in the expressed oil, and especially in 
the portiims separated when the temperature is 
raised, and is recovered by recUstillmg and 
working up the product as just described. The 
hard yellowish-green cake obtained, containing 
25-40 p.c. of pure anthracene, is ground to a 
fine powder in mills and heated with coal-tar 
naphtha (b.p. 80®"100°), solvent naphtha (b.p. 
120®-190°), creosote oil, or petroleum spirit 
(b.p. 70®-100®), in large iron vessels provided 
witti stirrers. Petroleum spirit is to bo pre- 
ferred (Perkin), since it dissolves loss anthracene 
whilst the impurities are sufliciently soluUe 
in it to bo removed if the quantity of solvem 
employed is 2-3 times as great as that of the 
antnraoene to bo purified. Solvent naphtha, 
consisting essentially of xylenes, pseudo-cumene 
and mesitylene, ip extensively employed, as 
phenanthrene is much more soluble than antlira- 1 
oene in this solvent. It does not, however, 
remove the carbazole, which is usually present 
to the extent of 14-18 p.c. When creosote 
oil is used, it must be free from naphthalene ; 
the advantage of using creosote oil is that 
it dissolves out the methyl anthiaccne, the 
anthracene being practically insoluble therein. 
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The residue contains from 46-50 p.o. of the 
hydrocarbon, but inasmuch as it is not readily 
reduced to powder, and unless finely divided 
is only slowly attacked by oxidising agents, it 
is sublimed by passing steam, heated at 220®- 
240®, over the melted product, and^condensing 
the vapours in a chamber by jets of water. 
3'he anthracene thus obtained is in leafy masses, 
containing from 50-50 ji.c. of the hydrocarbon, 
the chief impurities consisting of carbazole 
(10-12 p.c,), phenanthrene, pyrene, chrysene, 
and other hydrocarbons, together with small 
(juantities of phenols of high boiltng-point, and 
of acridine ; it can readily Do ground to a p^te, 
and IS now sufficiently pure for conversion into 
anthraqiiinono by oxidation. If, however, 
diehloranthraceno is required, further purifica- 
tion IS necessary ; this can bo effected by 
distillation with caustic potash, whereby im- 
purities such as carbazole and bodies of a 
phenolic character are ri'tamed, and anthracene, 
together with ])henauthrcne. distils over with 
no greater loss than occurs if the 50 p.c. product 
is distilled alone ; caustic soda cannot De sub- 
stitut'd f(^r tlie potash, smee it produces no 
purification of any consequence. Instead of 
distilling washed anthracene, (100 parts) with 
caustio potash, Pcrlun employs a mixture of 
Moiitroaf potash (30 parts), winch usually 
contains potassium hydroxide in considerable 
quantities, and caustic lime (5 ]>aits). Unless 
lime is used, the residue in the retorts forms a 
haid cake, winch can bo removed only with 
dilliculty. Hydrogen is evolved during the 
distillation. The distillate is freed from phen- 
anthreno by washing with coal-tar naphtha, and 
the residue is a very puic anthracene. Tins 
production of phenaiitliicnc, even from anthra- 
cene which has been ficcd from this impurity by 
extraction with solvents previous to distillatiorv 
with caustic potash, is noteworthy and points to 
tlio probable existence of molecular compounds 
of phenantiireno with other of the impurities of 
tiie washed anthracene, which are destioyed 
during the distillation with caustic potash. This 
process of Poikin has been ♦ ubjectod to con- 
siderable criticism. According to Auerbach, a 
loss of anthracene to th® extent of 10 p.c. occurs, 
and this, added to the cost of fuel employed, 
renders it the most costly method of purification 
yet devised. The great advantage of the 
method, however, is tliat it brings anthracenes 
of different origins to a similar condition of 
purity ; even pitch anthracene — obtained by 
ihe distillation of gas-tar pitch in iron retorts 
with the aid of super-heated steam, and generally 
unsuitable for purdication owing to the difficulty 
of removing higher hytlrocarbons associated 
with it — works perfectly well after it has been 
Bubjected to this process. 

Many modifications in the method of puri- 
fying ciudo anthracene have been introduced. 
A method based on the far greater solubility 
of the impurities in mixtures of aniline, pyridine, 
or quinoline bases, has been patented by the 
Chcmischo Fabriks-Actiengesellschaft in Ham- 
burg (D. B. P. 42053 of April 16, 1887). The 
crude anthracene is dissolved at 100" •in 1^2 
times its weight 64 & dehydrated and rectified 
mixture of tar bases (pyridiues) separated from 
the light oil obtained in tar distillation (compare 
D. li. P. 34947 aftd 35372), and the lolution, 
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on cooling, yields a crystalline separation of 
anthracene almost free from carbazolo and its 
homologuea. The patentees state that a 33 p.o. 
anthracene dissolved in 1-75 times its weight 
of pyrhlinb bases yields on crystallisation an 
82*5 p.c. V.nthracene, whilst when dissolved 
in twice its weight of a mixture of equal parts 
of pyridine bases and benzene, it yields an 
80 p.c. anthracene, and in twice its weight of a 
mixture of equal parts of benzene and aniline a 
75 p.o. anthracene. The recovery of the an- 
thracene confined in the mother liquors offers 
no special difficulty. 

Kemy and Erhart (D. R. P. 38417 of Jan. 19, 
1886) have proposed crystallisation from oleic 
acid as a means of purification of crude anthra- 
cene. The difficuPy of recovering the anthra- 
cene contained in the mother liquors would .seem, 
however, to deprive this method of technical 
importance. 

Graham (Chera. Nows, 33, 99, 168) has 
devised a method for recovering anthracene 
from the filtered oils used in its purification. 

The Farbenfabrikcn vorm. Eriedr. Baeyer A; 
Co. {D. R. P. 6847 1 ; Eng. Pat. 5539 ; J. Soc. 
Chora. Ind. 1893, 439) employ liquid slilphur 
dioxide, which dissolves the impurities of crude 
anthracene, but very little anthracene itself. 
000 kilos, crude anthracene is mixed in a wrouglit 
iron agitator with 2400 kilos, liquid sulphur 
dioxide, first exhausting the air and then allowing 
the sulphur dioxide to enter. The reaction 
having ceased, the mass is forced by its own 
vapour pressure into an iron steam-jacketed, 
filtering tower, where anthracene of 70-80 p.c. 
remains behiml. 'I'he motlicr liquor is distilled, 
the sulphur dioxide being colloctod and recon- 
densed by means of an air-com pressor. 

Another patent of the same firm (D. R. P. 
?8861 ; Eng. Pat. 7802 ; J. Soc. Chom. Ind. 
1895, 361) recommends the use of acetone or 
other fatty ketones as a purifying agent. 
660 kilos, crude anthracene js stirred in a steam- 
jacketed cylinder with 760 kilos, acetone for an 
hour. After cooling the separated anthracene 
is filtered and washed with 375 kilos, acetone. 
The second liquor is used over again, and the 
first is distilled to recover the acetone. From 
crude stuff containing 34 or 35 p.c. anthracene, 
an article of 82 p.c. is easily made, and only a few 
per cent, anthracene remain in the residue after 
Stilling off the acetone. The acetone may be 
used in the form of ‘ raw acetone ’ or ‘ acetone 
oils,’ 

Welton (Eng. Pat. 27559 ; D. R. P. 113291 ; 
"J. Soc. Chem. Ind. 1900, 139) purifies crude 
anthracene by means of liquid (anhydrous) 
ammonia, which dissolves out most of the 
impurities, but not the anthracene itself. 

Luyten and Blumer (Eng. Pat. 14892 ; 
D. R.'P. 141186 ; J. Soc. Chem. Ind. 1901, 796) 
state that when anthracene is purified by 
solvents such as naphtha, acetone, &c., the 
presence of tar oil in the crude anthracene is 
beneficial. 26 parts of drained crude anthra- 
cene are heated with 35 parts of naphtha untJ 
t th^ temperature is “near that of the solvent. 
• On cooling, the anthracene crystallises out and 
is ^teted and washed with a Kttle of the solvent. 
It is dried by heating to fusion, and distilling 
off the solvent ; 80 p.c. anthracene is obtained 
by this method. * 


The Aktien Gesollsohaft fiir The^r und Erdol 
Industrie (D. R. P. 111359; Eng. Pat. 7868; 
J. Soc. Chem. Ind. 1899, 760) heat crude 
anthracene to fusion, and allow it to cool until 
60 p.c. has crystallised, when the mother liquor 
is run off and again allowed to crystallise. The 
second crop can bo raised to the value of the 
first (45-50 p.c.) by another fusion. This 
product is again fused and treated with caustic 
fiotash lyo (50 p.c.) in quantity sufficient to 
react with the carbazolo present. When the 
reaction is complete, the mass separates into two 
layers, the lower part being potassium carbazolo. 
'The ii[»per anthracene layer is run invo its own 
volume of 90’s benzol, which dissolves any 
jihcn-mthrene. The anthracene is pressed or 
centrifuged, and again washed with the same 
folvent, and is obtained as a palc-brow^n powder, 
liy this means 30 ji.c. anthracene is raised to 
90 p.c. {v. also Scholvieu, Fr. Pat. 335013 ; 
J. Foe. Cliem. Ind. 1904, 113). 

'I'lie Alvticn Gcsellschaft fur Anilinfabrik 
(I). R. ]\ 178764; J Soc. Chem. Ind. '1907, 
1193) add potassium hyilroxide to the melted 
crude anthracene, which is then distilled in 
vacu6, the anthracene distilling over being 
passed into some solvent in which it is soluble 
at the temperature of the reaction, and from 
u’hicJi it cry stall iseg on cooling. It is stated tha t 
95-00 p.c. of the anthracene is recovered as a 
product containing 95-98 p.c. of pure 
anthracene. 

Wirth (Eng. Pat. 14462 ; J. Soc. Chom. Ind. 
1901, 464) separates the carbazole by means of 
its easily soluble nitroao- compound. Crude 
anthracene is mixed in a vessel provided with a 
stirrer with light coal-tar oil and sodium nitrite. 
Dilute sulphuric acid is added gradually, and the 
sodium sulphate which is formed is dissolved in 
water and separated from the light-oil layer. 
The anthracene is filtered from the light coal- 
tar oil, washed with benzene, and dried. It 
contains 75-95 p.c. anthracene, according to 
quality of the crude material. 

Catchpole (Eng. Pat. 10641 ; D. R. P. 
164508; J. Soc, Chera. Ind. 1903, 1190) places 
the crude product in the form of blocks or slabs 
on a perforated or channelled surface in a 
chamber suitably heated to a temperature not 
exceeding 200®, whereby the impurities are 
‘ sweated ’ out. A slight washing with acid 
and distillation complete the process. 

Vesely and Votocok (Eng. Pat. 27696 ; 
J. Soc. Chem. Ind. 1905, 191) find that concen- 
trated sulphuric acid extracts the whole of the 
basic impurities of anthracene from a solution 
of crude anthraceiae in a solvent immiscible 
with sulphuric acid. The most suitable solvents 
are mineral and coal-tar oils, but carbon disul- 
pftide and chloroform may be used ; 100 parts 
of crude anthracene (35 p.o.) are dissolved in 
300 parts of solvent naphtha, 100 parts of 
concentrated sulphuric acid are added, and the 
mixture is heated and at the same time vigo- 
rously agitated for a few minutes. The sulphuric 
ac:d having been drawn off, the solution is 
freed from acid by agitation with calcium 
carbonate, filtered, and then allowed to crystal- 
lise. By tliis process it is stated to be possible 
to obtain an 85-90 p.o. anthracene, perfectly 
free from carbazole. 

A troublesome impurity in anthracene is 
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a peculiar pfuraffin, which has a hkh melting' 
oint, and is only sparingly soluble either in 
ght petroleum or coal-tar naphtha ; it is dis- 
solved to a certain extent by these solvents 
when hot, but on cooling is almost entirely 
deposited agam. A small quantity left m the 
anthracene frequently impedes succeeding opera- 
tions, and, owing to its stability, passes through 
most of the processes without change. 

Syntheses . — From orthotolylketonc, by heat- 
ing with zinc-dust (Behr and Van i)orp,"Ber. 7, 
17) ; from orthobromobenzylbromide, by the 
action of sodium (Jackson and White, Ber. 12, 
19()5) ; from a mixture of benzene, acetylene 
tetrabromide, and aluminium chloride (Anschutz, 
Annalen, 235, 159) ; from benzene and alu- 
minium chloride under the influence of nickel 
carbonyl at 100° (!)('. war and Jones, Chem. Soc. 
Trans. 1904, 213) ; and by treating ])entachlor- 
othane in benzene with aluminium chloride, 
when anthracene is formed through the mter- 
mediato formation of pcrclilorcthylene (Mounoy- 
rat. Bull. Soe. chim. 19, f3j 557). An interest- 
ing synthesis resulting in the production of 
methyl anthracene (m.p. 200°) is that of Kraemer 
and Spilker (Her 1890, 3174). By tlic inter- 
action of xylene and einnamene, j)hcnyltolyl- 
peritano is formed, which wiien passed I lirough 
a red-hot tube forms methy anthraci n(» (iu.p. 
207°), iiydrogen and methane being evolved. 
This synthetical production of methyl anthraeiuie 
is of importance ’ ill its relation to the present 
theories of the mode of formation of anthracem* 
in coal tar. 

The following syntlieses in the anthracene 

E have been earned out in recent years. 

al acids convert homopiperonyl and liomo- 
veratryl alcohols into derivatives of 2.3.().7.- 
tetrahydroxy-9 f O-dihydwanthraccne 
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the tetramethoxy compound being obtained in 
quantitative yield by the condensation of 
veratrole with formaldehyde in the presence of 
60 p.c. sulphuiic acid (Robinson, Chem. Soc. 
Trans. 107, 267). Magnesium phenyl bromide 
reacts with ortho-phi lialaldehydie acid in boiling 
anisole solution to produce orlho-a-benzhydryl 
benzhydrol HOCH(C 

and this, when boiled with hydrobromic acid, 
is converted into 9. 10-diphenylanthracene (Sim*- 
nis and Remmert, Ber. 48, 406). Pur}>urin 
(1.2.4-trihydroxyanthraquinone) may be synthe- 
sised by condensing phthalio anhydride withhv- 
droxyquinol, whilst by using 4-hydroxy-phthaIio 
anhydride, hydroxydavopurpurin (1.2.4.6-tetra- 
hydioxyanthraquino’ie), identical with the oxi- 
dation product of ttavopurpurin, is obtained 
(Dimroth and Tick, Annalen, 411, 315). 

Properties. — Anthracene crystallises in glis- 
tenmg white scales. It melts at 213°, and boils 
at 360° (Ullmann, Enzykl). When pure 
it shows a bluish-violet fluorescence, but this 
is concealed if small quantities of yellow im- 


purities I (Pritzsohe’s chrysogen) are present. 
Yellow-coloured anthracene, on closure to 
sunlight, is bleached, and becomes fluorescent, 
but imder these conditions the hydrocarbon 
undergoes conversion into paranthracene 
(Ci 4 H,o) 2 — a peculiar modification,* which is 
much less soluble than anthracene, is unattached 
by bromine and nitric acid at 100°, and does 
not combine with picrio acid ; it melts at 244°, 
and is thereby converted into ordinary anthra- 
cene (Fritzsclio, J. pr. Chem. 101, 333 ; Graebe 
and Liobermann, Annalen, Suppl. 7, 264 ; 
Schmidt, J. pr. Chem |2j 9. 248). AcenrtUng to 
Luther and Weigcrt (Ch. Ztrbl. 1904, ii. 117 ; 
1905, i. 1152), anthracene in the solid state, as 
well as in solution, yields ])ara-anthracene. The 
fluorescence of anthracene and certain of its 
derivatives has been referred by Liebermann t® 
a i)articiilar molecular grouping (Ber. 13, 913). 
Meyer (Zeitsch, piiysikal, Chem. 1897, 468) 
attribute's fluorescence to the preaeuco of what 
are known as fliiorphoric groups, which must 
be situated between two heavy atomic groups, 
usually bdizene iiuelei. For a discussion of the 
cause of fluorescenco in anthracene, see Steven- 
son (J. 1‘hysiol. Chem. 1911, 15, 845). The 
solubility of anthracene in 100 parts of various 
solvents has been detei’inined by Versmann 
(tlahrcsbericlit, 1874, 423), Perkin (Jourri. Soc. 
Alts, 27, 598 : v. Becclii, Bwr. 12, 1978), Findlay 
(Chem. Soc. Trans. 1902, 1221) with the following 
results : — 

Piirta of anthracene 

Alcohol (absolute at 16° dissolves 0*076 (B.). 

b.p. „ 0*830 (B.). 

sp gr. =--0-800 at J5° „ 0*591 (V.). 

.. „ -0*826 „ 0*674 (V.). 

., , -0*830 „ 0*491 (V.). 

„ „ 0-835 „ „ 0*475 (V.). 

„ „ =-0 840 „ „ 0*400 (V.). • 

„ „ -0 850 „ „ 0*423 (V.). 

Ether . . „ „ 1-175 (V.). 

Cldoroform . „ „ 1*736 (V.). 

Carbon disulplude ,, ,, 1*478 (V.). 

Acetic acid . „ 0*444 (V,). 

Light petroleum ,, 0*394 (V.). 

„ b p. 70° -100° 

at 15° dissolves 0*116 (P.). 

Benzene . . „ „ 1*296 (F.). 

„ b.p. 80° -100° „ „ 0*976 (P.). 

Toluene . . at 16 5° ,, 0'920 (B,). 

„ . . at b.p. „ 12*940 (B.). 

According to Hildebrand, EUefson, and Beebe 
(J. Amer. Chem. Soc. 1917, 39, 2301), the 
holubilities of anthracene at 26°, in grams per 
I 100 grams of the solvents, are as follows : — 


Alcohol .... 0*328 

Benzene . . . . 1 *86 

Carbon disulphide . . .2*68 

Carbon tetrachloride . . 0*732 

Ether ,, . .1*42 

Hexane „ . . 0*37 


j When introduced into an alcoholic solution 
of picrio acid saturated at 30°-40°, anthracene 
forms a picrate Cx 4 H|o,CGji 3 (NUa) 30 , crystal- 
lising in glistening red needles which melt at 
138° ; it is decom-^Kised into its conititflents by 
alcohol, water, ana dilute alkalis, even in the 
cold. The formation of the picrate is best 
obtained by warming molecular quantities of 
anthracene and picric aoid on the water-bath in 
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chloroform solution. On oxidation ■\yith po- | anthracene {ni.p, 211^), which cr^'atallisefl from 
tassium dichromato or manganese dioxide and nitrobenzene, and hoptachloranthracone (m.p. 
sulphuric acid, anthracene ia converted into 232*), w'hich is more soluble in benzene than 
anthraquinone, whilst strong nitric acid oxidises the former. Oxidation converts these oom- 
it to anthraquinone and dinitroanthraquinone ; pounds into chloranthraquinones, containing 
nitro- der^ativefi of anthracene can, however, 2 atoms of chlorine less than the original com- 
be prepared by the action of strong nitric acid pound. Treatment with a mixture of nitric 
on the hydrocarbon, if care is taken to decompose and sulphuric acids results in the formation of 
any nitrous acid which may be formed during chlornitroantliraquinonos which yield dyestuffs 
the reaction (I’orkin, Chem. Soc. Proc. 1880, 13). on treatment with fuming sulphuric acid. The 
Electrolytic oxidation in acetone yields anthra- chloranthracpiinones on treatment with fuming 
quinone (Montana and Perkin, Chem. Zentr. sulphuric acid m the presence or absence of boric 
1904, ii. TOS)"; the same product results by the acid, yield hydroxy- compoumU; e.g. 1 : 4 
electrolytic oxidation of a suspension of anthra- dicliloranthraiiumone yields quiiUzarin {q.v.) 
oene in a 2 p.o, solution of cerium sulphate in {Parb. vorm. P. Baeycr & Co., Pr. Pat. 3853.')8 ; 
20 p.c. sulphuric acid at 80"-90® (Part. vorm. J. Soc. Chem. In J. 1908, 557). lleducing agents, 
Meister, Lucius, and Pruning, D. II. P. 152003 : such as sodium amalgam or piiosphorus and 
Chem. Zentr. 1904, ii. 71) ; or by the oxidation hydrogen iodide, consert anthracene into the 
of anthracene by cerium oxide in suljdiuric acid , ddiydiude (Craobc and Liebcrmann, lx. ; Liebor- 
(Parb. M. L. & P. ; D. R. P. 158()09 ; Chem. | mann and Topf., Annalen, 212, 5) ; hydrogen 
Zentr. 1906, i. 840) ,* or by heating anthracene and nickel oxide at 200®-270* and 100-125 
with charcoal at 150°-300° (Dennstedt and atiuos convert anthracciK' first into tetrahydro-, 
Hasaler, D. R. P. 20.3848; (ihern. Zentr 1908. then decahydio , and tin ally pcrh vdroanthraceno 
ii. 1760). (Ipatieff, Joko\vl<;ff. and Rakitm, Per. 1908, 

Concentrated sulphuric acid converts antbra- 990). 
cene into sulphonic acids. Anthracene mono- j Ki'limalion . — Luck (Bcr. G, 1347): Meister, 
sulphonic acid is obtained by the direct sulpliona- I Lvicm-i, and Pruning {Dingl. ])oIv. J 224, 559); 
tion of anthracene with sulphuric acid of 53° or j Nicol (Che^m. fSoc. Trans. 187(», 2, 553) ; Bassett 
64®B., and about 60 p.c. of the anthracene (Chem. News, 73,. 178 ; 79* 157). The per- 
employed is thus converted. If sulphurio acid oentage of anthracuuo m a sample of the com- 
of GG°B. is used, two iaomcrio disulphonic acids mercial pioduct is determined by oxidising it 
are obtained, and those, on oxidation, yield two to anihraquinone with chromic acid, dissolving 
anthraquinonedisulphonio acids, which are the product tn sulphuric acid, and precipitating 
isomeric with the two acids obtained by the with water, since the as.sociated impurities are 
direct sulphonation of aritliraipiinone. The either destroyed during the oxidation or are 
j8-anthracene disulphonic acid, after oxidation converted into sulphonic acids soluble in water, 
with chromic or nitric acids, and subsequent 'J'he details of the process are as follows : 1 gram 
fusion with alkf\li, yields alizarin (q.u.), and the of anthracene is introduced with 45 c.c. of acotio 
monosulphonio acid similarly treated yields acid into a flask coimocted with a reversed 
uinthrapurpurtn {q.v.) (La yociete Anouomyo des condenser, and hcaiod to boiling ; a solution of 
Mati^ros Oolorantes ct Produita Ohemiques de 15 grains of chromic acid in 10 o.c. of acetic 
St. Denis, Eng. Pat. 1280 ; J. Soc. Chem. Ind. acid and 10 c.c. of water is then added, drop by 
1894, 32). drop, to the boiling solution during a period of 

The same acids are obtained by heating 2 "hours ; and the jiroducb is boiled for 2 
anthracene with alkali bisulphate to 140°-150* hours longer, allowed to stand for r 12 hours, 
(D. R. P. 773IJ). Anthracene is readily attacked then poured into 400 c.c. of water, and, after 
by chlorine and bromine, and yields with each standing for 3 hours longer, is filtered. The 
element a series of additive and substitution anthraqumoiio on the filter is washed witli 
derivatives ; additive compouiid.s, apparently, ' water, with hot dilute alkali, and then with hot 
areAho first products of the action, and these | water; aftiwwards it is placed in a small dish 
either decompose during the reaction or can be dried at 100®, and digested for 10 minutes with 
decomposed by boiling with alcoholic potash 10 times its weight of pure concentrated sulphuric 
into the corresponding substitution derivativo.s, acid at 100®. The solution of anthraquinone 
which also form additive compounds by the in sulphuric acid is then allowed to remain tor 
further action of the halogens. The chloranthra- 12 hours in a moist atmosphere, mixed with 
cones are now prepared on a largo scale (Clayton 200 o.c. of water, and the precipitated anthra- 
Aniline Co., Eng. Pat. 8744 ; J. Soc. Chom. Ind. ’ quinone filtered offoand washed first with water, 
1906, 64). Dry chlorine reacts witli anthracene j then with ddute alkali, and finally with water ; 
in the presence of lead peroxide at a high | it ia then dried at 100® in a dish, weighed, ignited, 
temperature. Eifty parts by weight of arithraecno and the ash deducted from the first weighing. 
an.d 10 parts of diy powdered load peroxide are | The difference gives the weight of anthraquinone 
treated with dry chlorine at 220® until the corresponding to the amount of anthracene 
weight-has increased to 120 part.^. The tempore- present in the sample. 

ture, however, may be varied between 180* and I Impurities. — Paraffin is usually present in 
260®, and the composition of the product vario.s crude anthracene, and is. estimated bv treating 
with the temperature employed and the amount of i the material with fuming nitric acid, keeping 
chlorine absorbed. The product consists mainly ! the mass cold. When all the acid has been 
of 3-tetffaohloranthracene (m.p. 152®), which added, the mixture is kept at the ordina]^ 
is rea^y soluble in benzene thd crystallises out temperature until the anthracene has dissolved, 
in yellow needles, and another part much less and then heated until the paraffin has melted, 
soluble in benzene and more highly chlorinated. ' The solution is filtered and the precipitate washed 
This latter consists of two products ; hexacldor - 1 with fuming nitric acid until the filtrate die- 
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solves in water without turbidity, and then with 
water until neutral. Finally, the paraffin is 
washed with alcohol, dissolved in warm ether 
and the filtrates collected in a weighed porcelain 
dish; the filtrates are evaporated and the 
paraffin dried at 105°-110° for half an hour | 
(Heuslor and Herde, J. Soc. Chcnn. Ind. 1895, ■ 
828). Kraemer and Spilker (Muspratt-Bunto, I 
vii, 70) use the following method : 10 grams 
finely-powdered anthracpiie are shaken with . 
100 c.o. ether for ten minutes and mixture then 
allowed to settle. 00 c.c of the clear solution 
are then evaporated and t.he residue dried at 
100® for half an hour. After cooling, the residue 
IS finely ground, 8 c.c. fuming Bulnburic acid 
(20 p.c. SO3) added, well mixed, and the whole 
heated to 100® for three hours, with frequent 
stirring. Contents of dish are then washed by 
means of 500 c e. hot waf er into a beaker, 
filtered through a dry filter and the whole 
waslied witli cold water. Until filtrate is free 
from sulphuric acid. M oisten hlter with absolute 
alcohol and wash the parafhn into a weighed 
dish bv means of ether, removing last traces of 
paraffiii from the beaker m the same manner. 
Evaporate other solutions and diy residue foi 
lialf an hour at 105® ; and weigh as pure parafhn 
The doiection of carbazole and phenanthrenc 
in the purified product is carried out asjol- 

^^"^Carbazole. Sample is. extracted in cold 
with ethyl acetat „oliif-ion allowed to evaporate, 
and residue transferred by a few drops of same 
solvent to a watch-glass. On evaporation, 
carbazole is left behind ; when treated with a 
drop of nitrobenzene and plionanthraquinone, 
it yields cliaraeteiistio small copper-coloured 

^^^^^Phenfvitlirnir Sample is extracted with 
benzene, and the evaporation residue treated 
with a-dniitroj)hrriantliraquinorie m nitrobon- 
zene. In tins case mixed crystals arc ob- 
tained having the form and co our of the 
brown needier of the phenanthrene com- 
pound, but. couuunmg a large quantity of 

“‘aSaceke acid brown, -chrome 

BLACK, -RED, -YELLOW v. A'/o- roLouKiNO 

^^/StHRACENE green, Cmruleln ami Gorru- 
Itin L (v. Aiuzarin and allied oolottrino 
matters; also Xanthine oolourinq matters). 
ANTHRACENE VIOLET. OalleU{v. Aiuzarin 

AND ALLIED OOLOURINQ MATTIES ; also XaNTHINE 
OOLOUEINO MATTERS). 

ANTHRACHRYSONE V. Alizarin and allied 

COLOTJEINQ MATTERS, * 

ANTHRACITE v. Fuel. 

anthracite black 'V. Azo. ooLOUiuNif 

MATTERS. 

ANTHRACOXENE r. Resins. 

ANTEUIACYL chrome green V. Azo- 

OOLOUBINQ MATTERS. 

ANTHRAFLAVIC acid u. Alizarin and 

ALLIED OOLOURINQ MATTERS, 

ANTHRAGALLOL v. Alizarin and allied 

COLOURING MATTERS. 

ANTHRAGALLOL DIMETHYL ETHERS 

V, CBA.Y ROOT. 

ANTHRANIL, ANTHRANILIC ACID (o- 

aminohemoic acid) v. Aminobenzoto acid and 


ANTHRANOL. ^•Hydroxyanthraccne 


CJl. 




is prepared by the reduction of anthraquinonc 
with hvdriodic acid and phosphorus (Liobermann 
and Topf, Annalen, 212, G; Ber. 1876, 1201), 
or with tin and acetic acid (Lieherraann and 
Gimbel, Ber. 1887, 1851). Another method is 
to add copper or aluminium powder to anthra- 
quinone dissolved in concentrated sulphuric 
acid at 30*“40®, and pour the product into water. 
The crude substance is recrystallised from 
glacial acetic acid containing n trace of aluminium 
and R little hydrochloric acwl (Baeyer & Co. 
D. R. y. 201542; Choni. Zenli. 1008, ii. 1218f 
Bezdizk and Fnodlandcr, Miauitsh. 30, 871). 

Tt is also obtained when 60 parts of finely 
divided aritliraquinone are mixed with 10 parts 
of iron and 1000 parts ferrous ehloride, and the 
mixture lieaf-ed to 200® C. or higher, until it 
dissolves III sodium hydroxide solution with a 
\dlow coluur The product is then cooled 
and washed with water, the residue dissolved 
in sodium hydroxide solution, and filtered into 
hydrochloric aeid (|). R. P, 240121). Anf hranol 
has been synfhesised by lioating I part of 
o-benzylbenzoic acid with 2 parts of siiljihuric 
acid at lOO'"' (Fischer and Schmidt, Ber. 1894, 
2789). It crystallisefi in colourless needles, 
m.p. 1G5®, with decomposition. It dissolves in 
alkalis, and then behaves as its tautomeride 
anthrol (^'i’.); e y, it condenses with biuizal- 
dehydo to form henzilidine anthrol (Haller and 
Padova, Compt. rend. 141, 857 ; i’. also Bad. 
Anil, und Soda Fab. T) B. P. <72030; CMiem. 
Zontr. 1906, ii. 8:M). By licating the alkaline 
solution of anfhranol for some time, it becomes* 
oxidised to anthraqumone ; hydroxylamine 
hydrochloride converts it into anthraquinone- 
dioxime (Nietzki and Kehrmann, Ber. 1887, 
613). Anthranol yields a benzoyl derivative 
(m.p. 164®) Muth benzoyl chl^oride in pyridine 
(l^adova, Cornpl. rend. 143, i21 ; Ann, Chim. 
I’hys. [8] 10, 35.3), and a diiodido with iodine 
m benzene solution (Liebermann, (Uawc, and 
Lindenbanm, Ber. 1004, 3337). 
j Kurt Meyer (Annalen, 1011, 370, 37) has 
I obtained the two desmotropic forms of antliranol, 

I namely, anthronc and antliranol : 

a::.)0 - o:rx) 

Anthrune. Antliranol. 

The keto-form is prepared by reducing anthra- 
quinone with tin and hydrochloric acid, and 
subsequent precipitation with water. It melts 
at 154®, and is almost completely insoluble in 
cold alkali solutions. On solution in boiling 
dilute sodium hydroxide, rapid cooling and 
precipitation w>di dilute well-cooled sulphuric 
acid, the yellow anthranol is obtained. It 
melts at about 152®, dissolves readily aa most 
j solvents, being conceited into anthrone. Solu- 
tions of anthranol show a strong fluorescence, 
those of anthrone no fluorescence. Thiele’s 
assumption that thb high reactivity of phenols 
is due to a change to the keto-type seems to 

Ha rnnfTAflipt.AH liArA inr in I.Ha aHava noir e\f 
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bompounds the hydroxylic form is tho more 
active isomeride. ' 

Bromo anthrone is obtained when bromine is 
added to a cold saturated solution of anthronn 
in CS,. It crystallises in yellow needles, and 
melts at On boiling with aqueous acetone 
it yields oxanthrone, which cr 3 r 8 talli 8 e 8 in 
colourless needles, melting at 167®. Solutions 
of oxanthrone are colourless and do not fluoresce. 
On boiling with aqueous alkali it passes into the 
desmotropic form anthraquinol, which ia also 
formed wnen anthraquinone is rcduped by 7inc- 
duat and alkali. It crystallises in brown leaflets, 
which dissolve in solvents with a yellow colour 
and an intense green fluorescence. 



Anthraqninnl. Oxonthrouc. 


By the oxidation of antliraconc in glacial acetic 
acid solution with lead peroxide (I mol. ; 

1 mol, PbOj) anthranol acetate is produced, but 
if in tho proportions of 1 mol. Ci^Hio ; 2 mols. 
PbOj, then oxanthrone acetate results. The 
former melts at 127®, and is readily hydrolysed 
to anthranol, tlie latter melts at 108®- 100®. 
Again, by dissolving antliraceno m glacial acetic 
acid, pouring into water and passing chlorine, 
oxanthrone is obtained in alamt 76 p c. yield 
(K. Meyer, l.c.). Oxanthrone is also obtained 
by the following method (1). K, 1*. 250075), 
JP4 parls of anthriiconc arc dissolved in 200 
parts acetone, and then precipitated by the 
addition of 200 parts ice-cold water. 6 '4 parts 
of bromine are added, with continual shaking, 
all goes into solution, much cold water is added, 
and the oxanthrone is precipitated. It crystal- 
^lises from toluene in long 3 ^elIowish needles. 

Dianthranol is formed, togcthei 

with a little anthraquinone, when anthranol 
dissolved in benzene is exposed to sunlight for 
some weeks, or when the benzene solution is 
boiled for some hours. H is aiso obtained b\ 
oxidising anthranol with ferric chloride, in 
glacial acetic acid solution, or (1>. R. P. 22.‘i20fl) 
by heating 100 parts anthraquinone, 600 parts 
of water, 60 parts sodium hydroxide, and 60 
parts zinc-dust in an autoclave for six hours at 
160® C. Tho reaction mixture is then preciju- 
tated by the addition of acid, and recrystallised 
from methyl alcohol. On oxidation with poias 
Sium permanganate ityields di anthrone C, gH i ,0 
a yellow crystalline solid which blackens at 
- 300° C. Dianthranol crystallises m colourless 
tabular crystals (m.p. 260°) (Omdorff and Bliss, 
Amor. Chom. J. 1896, 463; Orndorff and 
Cameron, Amer. Chom. J. 1896, 668). 

ANTHRANOLS of CHBYSOPHANIC ACID 
attd EMODI N METHYL ETHER v. CusYSAJUiBnr. 

AMTHR APURPURIM v. Alizarttt ahp aixtid 
OOLOTJMHO MATTEES. 

AHTHRAQUIHONE 

Obtained by the oxidation of anthracene with 
chromic acid (Kopp, Jahresbericht. 1878, 1188; 
Lauren^, Ann. Chim. Phys. [2] 60, 220 ; 72, 415 ; 
AnnMen, 34, 287 ; Ander>ion, Annalen, 122, 
301 ; Qraebe and Liebermann, Annalen, Spl. 7, 
286) ; by the distillation of calcium benzoate 
(Kekule and Franchimont,' Ber. 1872, 908); 


by the distUlation of benzoic^ acid witli 
pnosphonis pentoxide ; by the distillation etf 
o-benzoylbenzoio acid with phosphorus pentoxid®, 
or by heating it alone (UUmann, Annalen, 29V ^ 
24 ; Behr and Dorp, Ber. 1874, 678 ; lieber 
mann, Ber. 1874, 805 ; Perkin, Chem. Soc 
Trans. 1891, 1012): by the dry distillation o 
calcium phthalate (Panaotovits, Bor. 1884, 13) 
Heller (Zeitsch. angew. Chem. 1906, 19, 669 
heats 1 part of phthalic anhydride with 3*6 part^ 
of benzene and 1*8 parts of aluminium chlorido 
in a lead vessel at 70* until the evolution of 
liydrogen chloride ceases. After cooling, water 
is added and (ho excess of benzene removed by 
steam distillation. The solution is made 
allialmc and boiled, and then on addition of 
acid benzoyl benzoic acid is precipitated. On 
heating this for one hour at 160°, anthraquinone 
is obtained (c/. Piccard, Ber. 1874, 1785 ; 
Friedel and Crafts, Aim. Cbim. Phys. [6] 1, 623 ; 
Mfiller, J. 1863, ’Ml). Phenyl-o-tolylketone 
gives anthraquinone on heating with lead oxide 
or on oxidation with manganese dioxide and 
sulphuric acid (Behr and Dorp, Ber. 1873, 764; 

: 1874, 10 ; Thbrner and Znioke, Ber. 1877, 1479). 

Industrial ‘jncpaiaiion . — Crude anthracene 
(66-60 p.c.) is slowly added to a hot solution 
of sodium diehi ornate in a large wood vat 
lined with load. The solution is kept well 
stirted and heaUd with steam until all the 
anthracene has beep added. Tho steam is 
then cut off and sulphuric acid is run into the 
mixture in the form of a fine spray ; the heat 
generated by the reaction keeps the solution 
lx>iling. The crude anthraquinone is then 
separated by flltration and dried. It is dis- 
solved in sulphuric acid without a})]ilying any 
heat, and, when solution is complete, iransTcrred 
to a largo vat lined with lead and boiled with 
water. The precipitated anthraquinone is at 
once separated liy moans of filter presses 
from th'‘ soluble compounds ; the pressed cakes 
aio boiled with a solution of soda, and then 
again filtered, pressed, dried, and finally sub- 
limed (Levinstein, J. Soc. Chem. lud. 1883, 
219; Kopp. /.'*.). Poirrier and Rosenstiehl 
(Eng. Pat. 8431 ; J. Soc. Chem. Ind. 1887, 
696) oxidise anthracene in a closed lead-lined 
vessel by means of ferric sulphate. The vessel 
is heated to 120®-160° during 72 hours, com- 
pressed air being injected into the vessel. By 
this means the anthracene is virtually oxidised 
by tlie air, t he ferric sulphate acting as a carrier 
for oxygen. The Farbenfabrik vorra. Meister, 
Lucius und Bnining, state that an almost 
quantitative yield of anthraquinone is obtained 
by the electrolytic oxidation of anthracene in 
20 p.c. sulphuric acid, in tho presence of cerium 
sulphate (D. R. P. 152063 ; Eng. Pat. 19178, 
f:)02). Another process consists m the absorp- 
tion of nitric oxides diluted with air, by zinc 
oxide, copper oxide, or a similar oxide of low 
basicity. Anthracene is mixed with this, and 
a stream of air or oxygen is passed through the 
I mixture at 250°-360°, anthraquinone braog 
! produced (Ch. Fabr. Griinau, Landshoff und 
Meyer, D. R. PP. 207170, 216336; J. Soc. 
Chem. Ind. 1909, 360, 1310). On the use of 
oxides of nitrogen and nitric acid for oxidMng 
anthracene, see D. R. PP. 234289, 264710, 
266623. Meister, Lucius, and Bnining (D. R. P. 
292681) make a mixture of 100 parts 30 p.o. 
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aqudoul anthra(me paste, with 3000 parts 
water, 250 parts 25 p.c. ammonia, and 5 parts 
copper oxide. Oxygen corresponding to 3 
inoleoules per moleome of anthracene is forced 
,ra and the whole stirred and heated for two 
i tours at 170® C. Darm8tad||r (Chem. Zentr. 
1900, ii. 161 ; D. R. P. 10901z^iprepares anthra- 
quinone by the electrolytic oxidation of anthra- 
cene in a chromic-acid bath. Various processes 
have been patented for purifying the crude 
anthraquinone thus produced. Bronner (J. 
Soc. Chem. Ind. 1882, 499; 1883, 410; Eng. 
Pat. 769; D. R. P. 211)81) dissolves out the 
impurities on a specially constructed circular 
shelf. The methoa depends on the continuous 
extraction of the impure product with an amount 
of solvent insufficient to keep in solution the 
whole of the antliraquinone and the easily 
soluble impurities. Bayer & Co. (D. R. P. 
08474; Eng. Pat. 6539; J. Soc. Chem. Ind. 
1893, 439) dissolve out .the impurities with 
liquid sulphur dioxide ; Sadler & Co., Ltd. 
and Driedger (Eng. Pat. 17035 ; J. Soo. Chem. 
Ind. 1902, 1072) recrystalliso tlio crude anthra- 
quinone from hot aniline. The cliromium 
liquors may be recovered and used again, by a 
process of electrolytic oxidation in iron cells 
which arc lined with load. Strips of lead, 
hanging in the cells, act as cathodes, and tho 
liquor is circulated tlirougli aperies of colls.* 
Properties. — Anthraquinone, as usually pre- 
pared, forma a felted mass of crystals of a pale- , 
yellow or bud coloui ; by sublimation it can bi 
obtained in tho form of lemon -yellow needles oi 
golden-yellow prisms ; m.]). 2k5®--28()° (corr ) : 
b.p. 379°- 38P (corr.) (Keekbnghauscn, ]ier. 
1893, 1615); sp.gr. r438l‘119 (Schroeder, 
ibid. 1880, 1071 ; Philhpi. Monatsli. 1912, 33, 
373). Sparingly soluble in aleohol and etlier, 
somewhat more .soluble in hot benzene. Accord- 
ing to Hildebrand, Eilefson, and Beebo (J. 
Amer. Chem. Soe. 1917, 39, 2301), the solubilities 
of anthraquinone at 25°, in grams per 100 
grams of tho sol -ents, are as follows .— 

Alcohol .... 0’437 

Ether 0-104 

It is neuiral in its reactions, and is insoluble 
in dilute acids or alkalis. Anthraquinone is 
very stable ; it is not affected by hot liyclro- 
chloric acid, or by boiling with caustic pota.sh or 
calcium hydroxide solutions ; it dis-solyes in hot 
nitric acid (sp.gr. I '4), and is deposited in crystals 
on cooling or on dilution ; it dissolves unchaiiKed 
in concentrated sulphunc acid at 100°, and if j 
precipitated in hue crystals on pourmg intc 
water. Strongly lieatcd wi^/h sulphuric acid, j 
it is converted into mono- and di-sumhonic acids 1 
{v. Alizarin). Anthraquinone is oi great com- 
mercial importance, as it is used in the prcfiaA- 
tion of alizarin, quinizarin, purjuirin, &c. (v. 
Alizarin). Fusion with zinc or treatment with 
sodium methoxide converts it into anthracene 
(Haller and Minguin, Compt. rend. 120, 1105) ; 
fusion with caustic soda converts it into sodium 
benzoate (Graebe aiid Liebermann, Annalon, 
160, 120)» and by distilling it over lime benzene 
is formed ; reduction with zinc and caustic 
Bodi, or with sodium amalgam yields oxanthranol 
OuHioOi and dianthranol (Diels and Rhodius, 
Ber. 1909, 1076 ; Meyer, Ber. 1909, 143) ; zinc 
and amyl alcohol convert it into dianthrol 


I (Meyer, Monatsh. 80, 165). Phosphom penta- 
I chloridef and phosphorus oxychloride convert 
it into trichloranthraoene and other chlorinated 
I products (Raduloscu, Chem. Zentr. 1908, ii. 
1032). A delicate test for anthraquinone 
j consists in reducing it with sodium qmafgam in 
I dry ether. On adding a drop of water, a red 
colouration is produced ; if alcohol is used 
instead of eilicr, addition of water gives a green 
colouration (Claus, Ber. 1877, 927). 

The following method serves to estimate 
anthraquinone in presence of anthracene, and 
not more tlian 10 p.c. of phenaftthraquinone, 
with an error not exceeding ()-3 p.c. One part 
of the crude anthraquinone is wetted with 
alcohol, mixed with 2 parts of zinc-dust, and 
about 60 parts of hot 5 p.c, sodium hydroxide 
solution. Tho mixture is fieated just below 
boiling-point for five minutes, and then ^apid^5r 
filtered and waslied once with water. The 
filter with tho residue is heated with another 
equal portion of sodium liydroxido solution 
and filtered into the same flask. The residue 
is agaui treated v/itli .sodium hydroxide solution, 
and if it imparls no red colour to this on boiling, 
18 rejected. Otherwise tho liquid is filtered off, 
and the residue treated with sodium hydroxide 
ropeateiUy until anthraquinone is shown to be 
completely reduced to oxanthranol and removed, 
by the failure of tho residue to impart a red 
colour to boiling sodium hydroxide solution. 
The united filtrates are cooled and rooxidised 
by shaking until the red colour disappears. 
The anthraquinone is filtered off on asbestos, 
dried at 110°, and weighed. The following 
precautions are necessary : Boiling with alkali 
must not bo unduly prolonged, or reduction 
may proceed so far that anthraquinone is not 
recon.stituted on more shaking with air, and 
filtration of the reduced solution must be rapid^ 
to prevent rcoxidation on the filter (Lewis, d. 
Ind. and Eng. Chem. 1918, 10, 426; Analyst, 
1918, 297). 

Condensation products.— With phenols ; 
Scharwin and Kusnezof, Ber. 1903, 2020 ; 1904, 
3016 ; Deichler, D. R. P. 109.'f l4 ; Chem. Zentr. 
1900, ii. 300. With aminos : Bayer & Co. 
D. R. PP. 86160, 107730, 136777, 136788, 148079; 
Chem. Zentr. 1902, ii. 1272; (ffiem. Soo. Abst. 
1904, i. 320. Aryl ethers, aryl- and alkyl- 
ammo- derivatives ; Bayer & Co. D. R. P. 
168531 ; Fr. Bats. 354717, 362140; J. Soc. 
Chom. Ind. 1905, 885, 1105; 1906, 762. Thio- 
cyanates : Bayer & Co. D. R. P. 206054 ; J. Soc. 
(diem. Ind. 1909, 239. Morcaptans ; ibid. 469. 

A cooled solution of anthraquinone in con- 
centrated sulphuric acid, when treated with 
aluminium powder with constant stirring, yields 
anthraquinol and anthrone. 

1.2- and 1.4-anthraquinone8 have been pre- 
pared *rom a-anthrol and L2-anthraquinona 
from jS anthrol (u. Dienol, Ber, 1906, 926 ; 
Liebermann, Ber. 1900, 2089 ; Harlinger, Ber. 
1906, 3537 ; Lagodzmski, Ber. 1894, 1483 ; 
1896, 1422; 1906, 1717). 

ANTHRAQUINONE RED v. Alizarin and 

ALIJED rOLOUEING MATTERS. 

ANTHRAQUINONE SULPHONIO A5)1DS v . 

Alizarin and AlIiTed Colouring Matters. 

ANTHRAROBIN v . Chrvsarobin. 

ANTHRARUFIN v . Alizarin and allied 

OOLOUBING MATTERS. 
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ANTHRASOL. A trade name for a pre- 
paration of coal-tar with the colour and con- 
sistence of olive oil. 

ANTHROL 

/CH\ 

Two isomeric anthrols are known, a- or 1- 
hydroxyanthracene and or 2-hydroxy- 
jinthracene. 

a-Anthrol is prepared by fusing 1-anthracene- 
sulphonic acid with 6 partes of caustic potash at 
250°, dissolvmg the mass in water, and filtering 
off the yellow flocks which separate out. The 
crude product is recry stallised from acetic acid 
and water. It forms yellow plates, m.p. 152°. 
a-Anthrol dissolve^ in the ordinary solvents with 

blue fluorescence, and is more soluble than 
-anthrol (Schmidt, Ber. 1004, 00; Diomd, 
Ber. 1905, 2802 ; v. also Linke, J. pr. Chein. [2] 
11, 227). It is used in the ])rc])aratiori of 
alizarin-indigo (1, which is obtained from 
dibromo-isatin cliloride and a-antJirol (1). R. 1*. 
2.'17199). 

Anthrol is prepared by fusing 2-anthraeeno- 
siilphonic acid with ]iotasli and recrystallising 
the crude product from acetone (Lieherniann 
and Hermann, Ber. 1879, 589; Linke, .1. pr. 
Chom. [2] 11, 222). It can also be obtained ny 
reducing hydroxyantliraquinone with hydriodie 
acid and phosphorus (Liebermarm and Simon, 
Ber. 1881, 123). It forms yellow plates melting 
with decomposition at 200°, and is soluble in 
the common organic sol Agents with a violet 
fluorescence. By reduction with sodium in 
alcoholic solution, dihydroanthrol is obtained 
(Bamberger and Ifoflniann, Ber. 1893, 3009), 
and by heating Aj^ith acetamide at 280° anihrnmvi 
is obtained. Azo- dyestuffs have been obtained 
.from )8-anthrol (Act. Ges. f. Anilmf. I). 11. P. 
21178; Frdl. i. 538). It possesses a somewhat 
phenolic character, hut more resembles the 
naphthols in that on heating with ammonia to 
200° C. it yields the corresponding anthramine. 
If, however, it be reduced to Ike dihydro- 
anthrol, this is the complete analogue of phenol, 
and does not condense with nramoiiia to the 
amine. 

ANTIAR RESIN or UPAS ANTIAR. A 

green resin which exudes from the upas tree 
(Amiaris toxkana (Lesch.), order Maraceie). 
Light petroleum and benzene extract from it a 
substance analogous to caoutchouc, a fatty 
matter, and two resinous substances ; alcohol 
extracts from the residue a very poisonous 
glucoside, antiarin (De Vrij and Ludwig, J. pr. 
(Ihem. 103, 263). 

ANTIARIN V. I)ir,i TALIS ; GlUCOSIDES. 

ANTIARTHRIN. A trade name for a con- 
densation product of saligenm and tannin. 

ANTI-CHLOR. Linen and cotton fibres and 
paper pulp are apt to retain some free chlorine 
from the hypochlorite used in bleaching, and 
as this causes the material to rot slowly, the 
manufacturers use certain reagents known as 
* anti-chlors ’ to remoA e the last traces of 
chlorine. The first* substances employed were 
the neutral and acid sulphiies of soda (sodium 
sulphite and bisulphite) ; these were superseded 
in 1853 by sodium hyposulphite, which is now 
very largely employed. Calcium sulphide, made 
hy boiling milk of lime with hulphiir ; stannous 


chloride in hydrochloric acid with subsequent 
treatment with sodium carbonate to neutralise 
any free acid ; ammonia and sodium nitrite 
have also been recommended. 

ANTIDIABETINE. Trade name for a pre- 
paration said to^ composed of saccharin and 
mannite. 

ANTIDIN, Phenyl other of glycerol. 

ANTI-FEBRIN. A trade name for acet- 
anilide or phcnylacclamide CgHg-NH'CO'CHj. 
Discovered by Gerhardt in 1853, nnd investigated 
as an antipyretic by Kussniaiil in 1880 {v. 
A(’ETANILII)E). 

ANTIFORMIN. Trade name for the alkaline 
liijuid prepared by adding caustic soda to a 
Rihition of sodium liypoehlorito. Used as a 
disinfectant, the active ingredient being the 
elilorino, of which 4 p.c. is liberated on treatment 
with liydrochlorio acid. Solutions of sodium 
liypoehlorito are prepared in Germany by the 
electrolysis of 5 p.c. salt solution A current 
of 110 volts and 100 amperes furnishes nearly 
0000 litres daily of a disinfecting or bleaching 
solution containing 1 p.c. of available chlorine. 

According to H. Will (Zeitseh. Ges. Braiiw. 
1003, 805 ; J. Soc. Ghem. Ind. 1904, 125), it is 
one of the host disinfectants for brewery work. 
It rapidly softens organic impurities ami facili- 
tateji tlieir removal by scouring, in addition to 
its oxidising action, and it also dissolves incrusta- 
tion. Its gi'iniicidal power is higli, and a 5 p.c. 
solution is Miflieient for most purposes. It is 
used cold, and may be safely apjilied to varnished 
surfaces AAoth a brush, provided care is taken to 
prevent prolonged contact 

ANTIFUNGIN. Trade nariu' for magnesium 
borate, enqiloyed as a fungicide. 

antigerMin, Trade name for a ])re])ara- 
tion of a co])per salt of a jihenol-earhoxylic acid 
mixed with hme. It is used as a fungicide, 

ANTIHYPO. A solution of potassium per- 
carhonate, used for destroying sodium thio- 
sulphate in photographic negatives and prints. 

ANTILEPROL. Syn. for chaulmoogra oil as 
used in pharmacy. 

ANTILUETIN. Potassiu m -ammonium a n ti - 
monyltartrate. 

ANTIMONIALS, ORGANIC. 

Historical. The first organic derivative of 
antimony was synthesised by Lowig and 
ScliAveitzer, who prepared triethylstihine in 
1850 (Mitth. d. Ziirch. Naturforsoh. Gesellschaft. 
1850, 45, 1 ; Annalen, 1850, 76, 315, 327). 

Tliis synthesis was immediately extended by 
H. Landolt (Annalen, 1851, 78, 91), and further 
iriAestigations of alipliatic antimonials wore 
made by Hof man (i867) and by Buckton (1860). 
The first aromatic antimonials were prepared 
about 30 years later hy Miehaehs, who, in colla- 
boration with Kocse, Hasenhaumer and others, 
developed a general method for the synthesis 
of antimony derivatives containing one, two, or 
three acyl groups. 

In 1910 these researches were revised by 
Morgan and Micklothwait {Chem. Soc. Trans. 
1911, 99, 2293), who showed that triphenylstibine 
on heating with antimony chloride yields both 
mono- and diphenylstibine chlorides, and who 
determined the effect of the antimony complex 
on the orientation of a nitro group. Similar 
investigations were made independently by 
P. May, who also studied tlic reauction of the 
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nitrated arylantimony compounds and arrivetl 
at concordant results (Chem. Soo. Trans. 1912, 
101, 1033). 

The diazo synthesis of aryl antimony com- 
pounds was first employed by the Chomische 
Fabrik von Hoyden of Dresden, and this led to 
the synthesis of antimony ato.xyl and antimony 
salvarsan (Fabr. Heyden. D. R. P. 254421). 

Syntheses of aliphatic antirnonials are few 
compared witli those in Iho ansenio serie.s, and 
are attended by greater o.xiicrimcntal diiTicultios. 
Syntheses are successful only when tlie more 
energetic reagents arc employed, owing to the 
feebler affinity of antimony foi hydrocarbon 
radicals. 

Antimony analogues of certain of the thi'ra- 
peutic organic arsenicals have been prepared, but 
although when tested therapeutically they show 
trypanocidal power, and sometimes confer 
immunity to trypanosomes, yet so far nothing 
comparalde with the specifii; action of aromatic 
arsenicals has bot-n observed. Local irritation 
has , been fijund to accompany subcutaneous 
introduction, but possiI)ly this disagreeable 
effect might bo overcome by intravenous 
injection. 

Stibacctin, the antimonial analogue of 
arsacotin, has boon tried successfully in rendering 
mice immune against various strains of trypano- 
somes, the imra.jnising dose l-#:ing one-ten tlf of 
the lethal proportion. Uhlenhutli has reported 
on the effect of ^^iis drug on the growth of 
experimental tumours in rats and mice (Modizi- 
nische Klinik, 1912, 37). yuljiliofoim (triphcnyl- 
stibine aulnhide) ha.s been employed medicinally 
as a remedy in skin diseases. 

Svnthkses or Ai.tiuiatic Antimonials. 

1. Interaction of an Alkyl Halide with an 
Alloy of Antimony. 

Ethyl iodide, cliloride or bromide reacts with 
an alloy of jiotassnim and antimony (12 p.c. 
potassium), yulfi'ng triethylstibme and tetra- 
ethylstibonium .lalide. These products are not 
accompanied by any antiniomai analogue of 
ethylcacodyl. 

IT. Interaction of an Alkyl Halide with 
Antimony. 

Mcihyl iodide heated with antimony in a 
sealed tube at 140^^ yields inmetlujlsl thine di- 
iodide ShfCIFdalg (Buckton, Journ, (ffiein. Soc 
1800, 13, 120 ; Jahresber, 1860, 374). 

111. Interaction of a Metallic Alkyl with an 
Antimony Halide. 

Zinc dimethyl r«-acts with antimony tri- 
chloride, giving t ruaethylstibine (Hofmann, 
Jahresber. 1857, 103, 357). * 

The Grignard reaction may also be employed. 
Antimony trichloride treated with Grignani 
reagent (magnesium methyl iodide) gives a 
60-70 p.c. yield of trimethylstibine (Hibbert, 
Ber., 1906,39, 160). 

Aliphatic Antimonials. 

Trimdhylstibine 8b(CH3)8. Synthesised by 
method I. (above), and is ordinarily prepared in 
the same marmer. 

Colourless liquid, b.p. 80 6°, 1) 1 ’523/15°; 
odour of onions, soluble in ether, slightly soluble 
in water or alcohol ; spontaneously inflammable 
VoL. I.— T. 


in air or chlorine (Landolt, Annalen, 1861, 78, 
91 ; Jahresber. 1861, 669). 

The dicfiloride Sb(CHg)gCla, and the corre- 
sponding dthromide are produced by direct 
addition of the halogen. 

Telramelhylslihonium iodide Sb(CHg)4T. 
Formed by direct combination of trimothyl- 
stibine and methyl iodide. Hexagonal plates, 
very soluble in water or alcohol, le.ss so in ether ; 
bitter saline taste. 

TetrnmcihyhUhnmum hydroxide, deliquescent 
crystalline mass obtained by treating the iodide 
with nioi.st silver oxide ; resemibles caustic 
potasli ; its salts arc crystalline and devoid of 
emetic action. 

Tridhyldihutc Sb(('2Hr,)3. Synthesised by 
method 1. (above), and ordinarily prepared in the 
same manner or by method HI. (above). 
Colourless lupiid, b.p. J5S’r)/730 mm. !> 
1*3244/16°, odour of onions, solulile in ether or 
alcohol, insoluble in water ; spontaneously 
inflammable (Liiwig and HchweiUer, Annalen, 
1850, 75, 315; Hofmann, Annalen, 1857, 103, 
357 ; Buckton, Quart. J. Chem, Soc,, 1863, 
13, 11(5, 118) 

Tdradhylshbonium iodide Sb(C2H5)4l,l^n20. 
Hexagonal prisms, fairly soluble in water, more 
so in alcohol and less so in ether. 

Tdradhylsiihoniiim /ii/rfroxidc, prepared from 
the iodide and moist silver oxide, is oily, mis- 
cible with water or alcohol, and forms crystalline 
but hygroscopic salts. 

Tnaniyl sldnne 8b(C5H,,)3, jiropared by 
method J (above). Fuming liquid heavier than 
water, oxidising to triamylslibine oxide 

Sb(CJI„)30 

Syntheses or Aiiomatio Atjtimonials. 

I. Interaction of sodium with chlorobenzene 
and antimony trichloride in benzene solution. 
The mixture heated for 24 hours yields tri- 
phenylstibine, triphenylstibino dichlonde and 
diphcnylstihme tnchloiide. Triphenylstibino 
heated under pressure with antimony tri- 
(diloride gives phenylstibine ^dichloride and 
(hphenylstibme chloride, the sodium conden- 
sation thus leading from tertiary to primary 
and secondary antirnonials. 

II. Grignard reaction. Antimony trichloride 
heated with magnesium aryl bromide or iodide 
gives triarylstibine as ehiei product, but tho 
diaryl and monuryl antimony compounds may 
be obtained from tlie tertiary stibine by heating 
with antimony trichloride (Morgan -and Mickle- 
rhwait, f.c., cf. Pfeiffer, Ber. 1904, 37, 4621). 

III. Diazo - synthesis. This method was 
discovered by the Cliemischo Fabrik von 
llcydcn, who m 1911 showed that the stibinio 
group could by this means be introduced into 
aromatic nuclei. Fhenyldibinic acid is pre- 
pared h^ diazotising aniline, which is wien 
treated with a cooled solution of antimony 
trichloride m aqueous sodium hydroxide. 
After some hours the mixture is almost neutral- 
ised with dilute sulphuric acid, and the phenyl- 
stibinio acid is precipitated from the filtered 
solution by hydrochloric acad. As thus pre- 
pared, phenylstibmic acid differs appreciably 
from specimens oUtaiiied via phenylstibinic 
chloride, showing decided tendency to form 
salts with ammonia,and sodium hydroxide, 

2 A 
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^•Hydroxyphenylstibinic Acid j 

HO'CcH4-SbO(OH), ' I 

and Tp-Amino'phcnyUtibinic Acid {p-Stibanilic 
Acid) NHB-CaH 4 -SbO(OH)g are both prepared 
by analogous methods. The sodium salt of the 
latter is tkj antimonial analogue of atoxyl (q.v.), 
and has similar therapeutic properties. Acetyl- 
yj-phenylenediamine is diazotisod and converted 
mto acetyl-p-aminophenylstibinic acid by treat- 
ment with alkaline solution of antimony tri- 
chloride. The product is hydrolysed into 
p-aminopheijylstibinic acid. 

The sodium salt of acetyl-p-aminophenyl- 
stibinic acid is ' stibacc'tin,’ the antimony 
analogue of ‘ arsacet.in.’ 

When acetyl-p-annnophenylstibinic acid is 
successively nitrated and hydrolysed with 
faustic alkali so as to replace the aeetylamino- 
complex by hydroxyl, the scarlt t alkali salt of 
‘i-nitroA-hydroxystibinic (tcid w'paratcs. This 
salt is also produced by converting p-chloro- 
aniline into yj-chlorophenylstibinic acid (by the 
above diazo reaction). This ehl<»ro- compound 
is nitrated to .‘{-ni(.ro-4-chlorophenyl8tibmm 
acid, which on treatment with alkali exchanges 
its chlorine atom for a hydroxyl group. ' 


OH Cl 



gbO{OH)a Sb0{011)2 


Akomatic Antimoniais. 

Phenylstibinc dichloride CjH 5 *Sb'Cl 2 > colour- 
less crystals, m.p. 68” ; b.p. 290” ; very soluble 
in alcohol, ether, benzene, or light petroleum 
On warming, the odour, which is at first faint, 
becomes very pungent and irritating (Hasen- 
baumor, Ber. 1898, 31, 2912). 

Phenylstihinic chloride CfiHB'SbCl 4 ,is prepared 
by saturating an ethereal solution of phenyl- 
stibine chloride with chlorine, and is obtained 
as a hygroscopic crystalline mass. It is hydro- 
lysed bv water into phenylstihinic acid 

' " C^H.-SbOlOH), 

a white powder decomposing above 200” ; in- 
soluble in water ; soluble in aqueous alkalis and 
in glacial acetic acid. 

Diphenyhtibine chloride (CflHslaSb Cl, colour- 
less crystals, m.p. C8° (Michaelis and Giinther, 
Ber. 1911, 44, 2310 ; Morgan and Micklethwait, 
lx . ; Griithner and Wiernik, Ber. 1915, 48, 1749). 

Diphenylstihine trichloride. Colourless 
needles with one molecule of water, m.p. 180 . 
Formed as by-product in synthesis I., being 
extracted with hot dilute hydrochloric acid from 
the concentrated mother liquors from this 
reaction. Treated successively with (a) alcohol 
and dilute ammonia, or with (o) aqueous sodium 
hydroxide and acetic acid, the trichloride yields 

Diphenylstibinie acid (C«H6)jSbO'OH, a 
granular precipitate insoluble in ammonia or 
sodiim carbonate, as produced by the first 
method, or in a form soluble in these reagents 
vrhen obtained by the second method. 

Tfiphenylstmne (C«H6),Rb. Colourless, tri- 


clinicplatcs, m.p. 48° ; b.p. 23 1-232°/ 16- 18 mm., 
above 360°/760 mm. (with partial decomposi- 
tion); D r4998/12° (Ghira, Gazzetta, 1894, 
24 (i), 317). Synthesis^ by method I. (above). 
The product of this reaction is successivelj’^ 
extracted with alcoholic hydrochloric acid and 
light petroleum, the latter removing the required 
stibine, which is then precipitated by chlorine 
in the form of its dichloride, this bein^ reduced b v 
hydrogen sulphide. The product is rccrystal- 
hsed from light petroleum (Michaelis and Keese, 
Annalen, 1886, 2.33, 46). An almost quantita- 
tive yield can be obtained by employing the 
Grignard reaction (Morgan and Micklethwait, 
Chem. Soc. Trans., 191i, 99, 2290). 

Triphenylstibine dichloride (CeHsljSb'Cla. 
Formed as a by-product in Method J. (above). 
Colourless needles, m.p. 143°. 

Triphenylsithine sulphide, ‘ Rulphoform.’ 
(CftHftlsSbS.' White needles, m.p. 119-120°. 
Soluble in benzene, chloroform, or glacial acetic 
acid, less soluble in alcohol, slightly soluble in 
other. It has been used successfully in *the 
treatment of eczema and other skin diseases. 
It IS prepared by the carefully regulated action 
of hydrogen sulphide on tlie alcoholic ammonia 
solution of the stibine chloride (Kaufinann, 
Ber. 1908,41,2701). 

* Tkrvaujjnt 'Anti MON V J.)erivatives. 

The members of this series of antimoniais 
contain the stibino-group,— Sb=Sb— , and were 
discovered in 1911 by the (3icmische Fabrik von 
lleyden, who succeeded m reducing the aromatic 
stibinic acids. 

Stibinobenzene CgHs’Sh : yb’CeH^. Pale 
yellow powder, insoluble in water, soluble in 
glacial acetic acid and chloroform. Phenyl- 
stibinic acid in caustic soda solution is cautiously 
reduced with sodium hydrosulphite, and the 
resulting crude product extracted with a mixture 
of alcohol and benzene containing copper 
powder The filtered solution contains the 
purified product. 

3 : ^'-Diaminostibindbenzene 

NHa-CfiH^'ISb : Sb-CgH^OT, 

'Yellow powder, insoluble in water, soluble in 
glacial acetic acid, soluble with pronounced de- 
composition in mineral acids. Prepared by 
treating a dilute alkaline solution of m-amino- 
phenylstibinous chloride - hydrochloride with 
a filtered solution of sodium hydrosulphite 
magnesium chloride and sodium hydroxide. 

3 : d'-DiaminoA : 4,'-d%hydrozy8tibinobenzene 

NHi' NH, 

HO<(^^^^Sb : Sb<;^~~^QH 

the antimonial analogue of Salvarsan base is 
prepared by reducing 3-nitro-4-hydroxyphenyl- 
stibinio aoi^ with alkaline sodium hydrosulphite. 
The red colour of the sodium salt of this acid 
disappears, and the stibinic compound separates 
as a reddish-brown precipitate, soluble in aqueous 
alkalis or acids. It is easily aoylated, and it 
condenses with aldehydes. It can be diazot^d 
and yields a colouration with ferric chloride. 
When oxidised with alkaline hydrogen peroxide 
it is converted into colourless 3-amino-4-hydroxy‘ 
phenylstihinic acid (D. R. P. 268451). 
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Miscellaneous Oeganic Derivatives of 
Antimony. 

Tricam phot ylstibinic chlorid e 



This is the main product of tlie condt'usation 
of the sodium derivative of camphor with 
antimony trichloride. It is soluble in benzene, 
from which it is obtained in colourless crystals, 
melting with decomposition at 244° ; it is 
resolved by water into the unstable tricamphor yl- 
stibmic acid (GioHiBO)3Sb(OH)2, decomposed by 
dilute aqueous sodium hydroxide, and by boiling 
water (Morgan, Micklethwait and Whitby, 
Ohem Soo. Trans. 1010, 07, 35). 

(I.) is ])re- 

pared b\ llie •■ii.ruird iic'lliud from phcnyl- 
stibine dichlonde and the magnesium compound 
of af-dibromopentane, and is a colourless, 
viscous, unpleasant smelling oil, b.p. 100-1717 
18-20 mm, (in CO a) ; oxidises on c.xposuro to 
air. 


ni 11 


1 . 


CO,-Cfl2 • • 

I ‘ >Sb-0Jl8 
Oll.y-CHa 
II. 

When a5-dibromobulane is employed in thi.s 
condensation phenykjcioU It amdhykiicUibine 
(11.) 18 obtained as a colourless oil of unpleasant 
odour, b.p, 15()-1587'20- 22 mm, yielding 
crystalline dichlonde and dibromide (Clru liner, 
Wiemik and Krause, Ber. 1015, 48, 1473 ; lOlG, 
40, 437). 

Bibliography. — Organic Compounds of 

Arsenic and Antimony (Morgan, London, 1918). 

G. T. M. 

ANTIMONIh Trade name for antimony 
cab luni lactate, used as a tannin-fixing mordant. 

ANTIMONITE, Native antimony sulphide 
{v. Antimony^. 

ANTIMONY. {Antimoiiie, Fr. ; Anlimon, 
Ger.) Btibiam. Sym. Sb. At.wt. 120*2. 

Occurrence. — Antimony occurs native in 
small quantities, occasionally in rhombohedral 
crystals, at Andreasberg in the Hartz, Przibrain 
in Bohemia, Sala m Sweden, Allemont in France, 
in the United Stab^s, New South Wales, and 
Quebec. It o< cum u' large masses in Sarawak, 
Borneo. • 

Combined with oxygen as the sosquioxide 
SbjOs, it occurs in anlitnony bloom, white anti- 
mony, or valeniinile, and in senarmonixte, bem^ 
found in workable quantities in the Algerian 
province of Constantino. In antimony ochre 
or cervantite, and in sUbiconiie and volgeriie, it 
occurs as antimonite of antimony Sb204. 

Combined with sulphur, it occurs as stibnHe, 
arUimmite, or grey antimony ore SbgSj. In 
union with sulphur and oxygen together, it 
forms red antimony, antimony blende or ker- 
mesUe SbjOg2Sb2S3. 

With arsenic, antimony is found m alle- 
mordite or arsenical antimony. With silver, 
in discrasite. 


With sulphur and metals, antimony forms a 
number of sulphantimonites, among which may 
be mentioned zinkenite, jamesonite, boulangerUe, 
and feather ore, containing antimony, sulphur, 
and lead ; miargyrite, pyrargyt ite, and stephan- 
ite, containing silver; herthierite, ^iontaining 
iron, and antimonial copper glance. Antimony 
is fouml in certain ferruginous waters. 

The antimony minerals of eommercial im- 
portance as ores are sUbmte, and the decompo- 
sition products which are usually associated 
with it and sometimes entirely rejilaec it, viz. 
kermesite, valentimte, senarmontite, ^nd cervant- 
ite. 

Antimony ores occur in workable quantities 
in Mexico, California, North and South America, 
(.'anada, Australia, Japan, Borneo, Cape of 
Good lIo])e, N(^w Zealand, AsTa Minor, Austria, 
Hungary, I'Taiice, Kussia, Siberia, Serbiaf 
Algiers, Italy, S])ain, Portugal, Corsica, and 
Sardinia. Small deposits of antimony sulpliido 
have been discovered in Cornwall, C'umbcrland, 
and Scotland. 

Antimony ores occur in the south of Hu- 
peh and part of Szo-(;huon province and in the 
provinces of Jlu-nau Kwei-chow, Kwang-si, and 
Yun nan. Roughly _ speaking, this vast anti- 
mony belt comprises tlie entire western half of 
Ghina south oi the Yang-tse-Kiang. There 
are smelting and refining works at Woo-cliow 
wliich reduce tlic ore mined in the province of 
Kwang-si, exports from which are sliipped to 
Canton and llong-Kong. There are also 
important works at Chang-sha, the capital of 
Hu-nan province, ex])orts from which are 
shipped via Hankow and Shanghai (Schooller, 

J. Soc. Ghem. Ind. 1913, 32, 21)0). 

For a hst of antimony- producing countries, 
ACC J. Soe (Jiem. Ind. lOifi, 34, \ 148. 

The veins in which stibnite is found are ^ 
usually 4-0 inches, in width, but in some nch * 
mines, as in Nevada, they are several feet across. 
The gangue materials are quartz, with some 
brown-spar and heavy spar, and from these 
the sulphide can only be sejiaratod by hand- 
picking or liquation. It is o‘#.:a8ionally found 
in pockets, when it is usually very pure. 

By far the most general ore of antimony is 
the sulphide, but in some cases, as in Algeria, the 
oxide 18 found in workable quantities, and in 
other cases both oxide and sulphide pccur 
together. 

Extraction.— Uet&Wk antimony and its com- 
pounds arc nearly always extracted from the 
oxe.s by dry methods. According to their 
suitability for the several methods of treatment, 
the ores fall into two broad classes ; 

(tt) Sulphide ores containing over 40 p.o. 
stibnite. 

(5) Sulphide ores containing less than 40 p.c. 
of the sulphide, and oxide ores of any grade. 
In this class also may bo included liquation 
residues and flue deposits, &e. 

Preliminary treatment of Ores . — Ores of 
class (tt) are used for the production of the metal 
by the English process. If the content of 
sulphide is over 90 p.c., tKe ore requires no 
preliminary treatment, but loss pureg,ore is 
subjected to a process of liquation, in which the 
sulphide is melted and allowed to run away 
from the gangue. 

The following • method of liquation was 
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formerly used where fuel is plentiful, as at 
Malboso, in the Department of Ard^cht, Wolfs- 
berg in the Hartz, and in Hungary. The ore was 
placed in small lumps in a number of conical 
pots of 45 kilos capacity, each perforated below 
and standu^ on a perforated plate over a sunken 
receiver. The pots were surrounded by fuel 
which continued to burn for 10 hours, the melted 
sulphide, known as crude antimony, collecting 
in the receivers. 

At La Lincouln, Wulfsberg, and Haute Loire, 
the pots were contained in a revorberal-ory 
furnace. At 8chmollnitz, in Hungary, the 
melted suljihido ran tii rough channels into 
receivers outside the furnace. 

At Malhosc, the pots are replaced by cylin- 
drical tubes, perforated below and standing on 
.similarly perforated jilates above the receivers. 
Each cylinder lias a cajiacity of 500 lbs. of ore, 
four being heated m one furnace, hlach has a 
hole at tlie side, through which the re.sidues are 
removed, these holes being closed during the 
heating. 3’ho receivers are of clay, or of iron 
coated with clay. 

At Chang-Sha, and also in other parts of the 
province, crude antimony is obtained from high- 
grade (68 p.c.) ores by liquation. The process 
13 carried out in furnaces each of which holds 
two clay crucibles, the charge for each crucible 
being 60 lbs. of ore. The crucibles are inclined 
and perforated at the bottom ; they are fired 
for two hours, the liquated sulphide collecting 
in a cavity at the back of tho lurnace, whence 
it is ladled into iron moulds and allowed to 
solidify. The pasty liquation residue is dumped 
into loose iron frames formed of two L-shaped 
pieces in which it cakes together on cooling 
(Schoeller, l.c.). 

The method of liquation in reveiberatory 
furnaces is used in some places where ore can 
' be mined cheajily but fuel is dear. The con- 
sumption of fuel per unit of sulphide liquated is 
least with this typo of furnace, but there is a 
considerable loss of antimony by volatili.sation. 
This loss, liowcver, can bo prevented by the 
use of suitable condensing apparatus such as 1 
Herrenschmidt’s (v.i.). ’ 

In any process of liquation tho temperature 
must be carefully regulated, as too low a tempera- 
ture results in a low yield of suljihide, the 
residties containing too much antimony, while 
too high a temperature increases the loss by 
volatilisation. 

The liquated stibnite contains much less 
sulphur than is required by the formula SbjSa, 
and Schoeller has shown that this is due to the 
presence of oxygen. 

Ores of class (6) are either roasted to the 
non-volatile tetroxide, or to the volatile trioxide, 
or are subjected to one of the direct reduction 
processes. 

The oxidation of the sulphide to tetroxide 
takes place at temperatures oetween 350° and 
400° in presence of excess of air. If tho ore is 
impure, antimonates of the metallic- impurities 
are formed at tho same time. J)uring tho 
roasting there is a. great tendency for the ore 
to fri(i and this necessitates the .constant 
rabblij of the charge. The presence of gangue 
renders the ore less liable to fuse, so that the 
process is most easily carried out with poor 
ores, e.y. ore-dust, for the treatment of which 


it is largely used. The furnaces employed are 
of two classes ; 

(a) Hand rabbled reverberatory furnaces, 
having an egg-shaped flat bed, with a fire- 
place on either side and a working door at the 
front. With these tlio process is intermittent. 

(5) Long liedded furnaces, in which the 
roasting is carried on continuously. Those fur- 
naces are 40 45 feet long, by 8 feet wide, by 2 feet 
high, and have 10 working doors on each side. 
Tho ore is cliargod in at one end, and is then 
gradually wx^rkod along tho bed during about 
40 hours, and finally discharged at the other 
end. Fresh ore is continually charged into the 
furnace at the rate of 0 cwts. every 8 hours. 

The oxidation of the sulphide to volatile 
trioxide takes place at about 400° with a 
carefully regulated amount of air. This pro- 
cess, provided sinfable condensation apparatus 
13 installed, jiresenbs marked advantages, and is 
finding an increasing application, especially in 
dealing with poor ores. It may bo noted that 
arsenic is complet(4y separated as the more 
volatile trioxide, that any gold or silver present 
IS left in the residue and can afterwards be 
extracted, that tho loss of antimony and the 
consumption of fuel are low. Many different 
forms of plant have been used for this process, 
but in most the roasting takes place in a furnace 
of tdpola type, Wie most important processes 
being the Ohatillon and Herrenschmidt. The 
form’s of condensing apparatus are of two classes : 

(a) In which the vapours are passed through 
a series of flues and chambers and finally through 
water-tanks in which tho last traces of oxide are 
deposited. 

{h) In which the furnace gases are cooled 
below 100° in flues and then filtered through 
canvas or other coarse fabric. 

In the Herrenschmidt process the roasting 
furnace is built of brick, and is provided with a 
hopper through which the ore, mixed with 4-5 p.c. 
of gas-coke or 6-7 p.c. charcoal, is introduced. 
I'lie gases pass from the furnace into a chamber, 
and then through a series of cast-iron tubes 
placed nearly vertical and air-cooipfi, in which 
tho mam portion of tho trioxide is deposited. 
The last traces are removed by forcing the gases 
up a tower filled with coke over which water 
flows. The draught is maintained by two 
centrifugal fans, working tandem. It is stated 
that 6 tons of ore, containing 10-15 p.c. anti- 
mony, can be treated in 24 hours, with a yield of 
over 1)0 p.c. 

tinuilinq of the, mrfal.— Antimony is prepared 
from ‘ crude antimony ’ or high-grade stibnite 
ores by the ‘ English ’ or ‘ precipitation ’ method. 
The ore, of which the composition has been 
determined by analysis, is ground under edge- 
runners to the size of a hazel-nut, or smaller, 
and is subjected to throe operations : 

SimfUny. This process is carried out in 
crucibles of which about forty are arranged in a 
double row on the hearth of a long reverberatory 
furnace having a grate at each end, and a flue, 
leading to condensing chambers, in the middle. 
Tlio crucibles are about 20 inches high and 11 
inches across, and are made of a mixture of 
I 6 parts fire-clay and I part plumbago. The 
i charge for each pot is 42 lbs. ore, 16 lbs, iron, 
4 Ib-i. salt, and 1 lb. slag from ‘ doubling ’ {v.i.). 
1 These materials are introduced into the red-hot 
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crucible, and kept in a fitate of fusion for 
2-3 hours, at the end of which time the contents 
are poured into moulds, and the antimony is 
removed from beneath the slag. The product, 
known as singles, usually contains a])out 91 p.c. 
antimony. 

Douhlmg is carried out in crucibles arranged 
in a furnace as previously described. The 
charge for eacli j)ot is 84 lbs. broken singles, 

7- 8 lbs. liquated sulphide, and 4 lbs. salt, and 
the fusion, which takes about 14 houis, is 
closely watched, the workman judging from the 
nature of the slag when the operation is com|dete. 
The slag is then removed with an iron ladle, 
and the metal poured into moulds. This product 
IS called houi metal or star howls, and sometimes 
contains over 90 p.c. antimony. 

Stdrring, or rtielUng for star metal (v.L under 
liejinmg). 

In the English process the loss due to 
slacging and volatilisatipn is small, being 
only 2-5 p.c. 

It is possible also to reduce the 8ul]jhide on 
the hearth of a reverberatory furnace. 'I'ho 
partially roasted ore, whicli contains the sulphide 
and oxides of antimony, is mixed and fused with 

8- 13 p.c. of coal and 9-11 p.c. of soda, fre- 
quently with the addition of iron, in which case 
the slag produced is much loss fu.sible and does 
not entirely cover the bath erf metal ; the anti- 
mony produced also contains much iron (l)mgl. 
poly'. J. 162, 449). Where carbonate of soda is 
used for the •'usion the mass froths considerably 
and attacks the turnaee hearth. 

'Fhe metal IS prepared from either of the 
oxides by one of the numerous reduction pro- 
cesses now in use. 

(fi) lleductiou in reverberatory furnaces is 
carried out at Bouc, Sejit^mes, Now Brunswick, 
&c. 4'he furmioo-bed is egg-shaped, deep in 
proportion to its width, and is provided with a 
tap-hole at the lowest point. Tlie furnace gases 
are passed through a long scries of condensing 
cliambcrs. Eirsf 90-110 lbs. flux (chiefly salt, 
with some soda and sodium sulphate) and 
220-230 lbs. of slag from a previous operation 
are melted on the hearth, and then 400-500 lbs. 
of roasted oroand 67-75 lbs. of charcoal are added, 
and the w'hole kept in a state of fusion till 
reduction is emnplcte. At New Brunswick tho 
reduction and refining are carried out conse- 
secutively in the same operation. 

(6) Some French smelters reduce an oxidised 
ore contamiiig 30-10 p.c. of antimony in a 
3-tuyorcd shaft furnace at the rate of 2-2^ tons 
per 24 hours, with ihe consumption of about 
half that weight of .oko. The rcgulus contains 
92-95 p.c. of antimony, and is subsequently 
refined. 

At BAnya, Hungary, antimony ores we 
mixed with silieious material and smelteil in a 
blast-furnace for 'impure rcgulus, which is then 
refined in a reverberatory lumace. The blast- 
furnace used is a round stack 6 m. high and 1*4 m. 
diameter at the thioat. The hearth, which is 
1 m. across, is fitte’ witii five water-jacketed 
tuyeres, and has two outlets for slag and metal 
respectively ; a third opening is used for blowing 
out. A blast of 15 c.m. per minute is used, and 
the* gases are collected by a tube at the throat 
and passed through a condensing apparatus. 
Such a furnace will run for 3 weeks continuously, 


smelting about 20 tons of material daily (Berg, 
u. Hiitt* Zeit. 1880, p. 102). 

(c) Reduction in crucibles is only used when 
rich ore or the trioxido is available. The 
reducing agent for the trioxide is carbon (char- 
coal or anthracite), and sodium sulphate and 
carbonate are added to form a slag.* 

Comsiderable quantities of antimony ore are 
now treated dircctl> for tho jirodiiction of the 
metal. One .sueli process which has been succesB- 
fullv used for some time depends on the reduction 
of the sulpliido in a bath of molten ferrous sul- 
phide containing iron [v. T. 0. Siuidcrsoii, U.S. 
Pat. 714040, 1902 , Cookson, Fr. Pat. 324864 
1902; and Herronsehmidt, Fr. Pat. 2f)6200, 1900). 

Another method consists in tho reduction of 
tho sulpbido with carbon in watcr-jacketed 
blast-furnaces. This has bean used by Ilering 
for the treatment of li(j nidation residues. • 

W. R. Schoeller (Ihill. Inst. Alin, and Met. 
Fob. 1918) de-scribes the blast-furnace smelting 
of antimony ores direct in water-jacketed* blast 
furnaces, tho charge consisting of ore, basio 
slag, chalk and coke. In this method, no iron 
18 added to the charge and no reduction of iron 
lakes place in the furnace. The antimony is 
obtained as a high grade metal, practically free 
fiom iron. 3’he best conditions for working tho 
furnace are found to bo about 10 p.c. coke, low 
bla.st pressure, low metal content of charge 
(about 10 p.c.), high smelting column (over 
15 feet), and provision of a heated forehearth 
for tho sejiaration of metal and slag. 

Methods of treating antimony ores have also 
been proposed by which the antimony is con- 
verted into the volatile chloride, as in Lyto s 
process of roasting tho ore with salt. The ore 
may also be subjected to tho action of hydro- 
chloric acid gas in a reverbefatory or muffle 
furnace, the volatilised chloride being condensed 
in a solution of hydrochloric acid (Dingl. poly. J.* 
250, 79-88, and 123-133). 

Among processes allied to the smelting of 
antimony there need only be mentioned that of 
Hcrrcnsclimidt for tlio extraction of gold from 
antimony (Fr. Pat. 350013,, 1904). This de- 
pends on tUc fact that when a small quantity 
of antimony is melted wntli or reduced from 
auriferous stibnite, all the gold present in the 
siiljihide passes into the metal. 

Many proposals have been made for the ex- 
traction of antimony by wet or electrolytic 
methods, but they have not been a success 
commercially. Reference may be made to 
Hcring (Dingl. poly. J. 230, 253), and Borchers 
( tfioctrolytische Gowimiung des Ant. Chem. Zeit. 
xi. 1883, 1023). 

Refining of Antimony. 

Unrefined antimony contains sulphur, iron, 
arsenic, and sometimes copper, gold, and lead. 
Tho following analyses show the composition of 
typical samples, T. and II. being metal made 
with scrap iron ; III. and IV. metal from 
roasted ore sme '^ ’ " ~ . 

('lunese : — 

1 . 


Antimony . '94 5 

Iron . .30 

Sulphur . 2'0 

Arsenic , 0*25 

Gold . trace# 


1 in 1 

a blast 

furnace ; V. 

II. 

III. 

IV. 

V. 

84*0 

t)7*2 

96*0 

98*20 

100 

2*5 

4 *0 • 

0*146 

60 

0*2 

0*75 

0*37 

1*0 

01 

0*25 

0*148 
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All these impurities, except lead, can be 
removed by slagging with oxidising, sulphurising, 
or chlorinating agents. The usual fluxes are : 
Glauber salt and charcoal, which remove copper 
and iron as sulphides, and arsenic as sodium 
arsenate ; and antimony glass (antimony 
oxysulphidc) which eliminates sulphur. Chlor* 
ides, such as salt or cariiallite, must be useJ 
with caution, or great loss by volatilisation may 
result. 

Rejlning in crucihles finds its chief application 
in the English process. 'J'he ‘ star bowls * (y. .9.) 
are cleaned /rom slag by chipping with sharp 
hammers, and the metal is then nroken small 
and melted wth 2-3 p.c. of antimony flux, pre- 
pared by melting togetlnu’ American jiolashcs 
and powdered stibnite in varying proportions 
(approximately 3 » parts potashes and 2 })arts 
siiibnite) until, by experiment, the correct com- 
position is found. The refining is carried out 
in the pots nearest the gratf's, and take.s 30 
minutes to 1 hour, the charge for each crucible 
being 84 lbs. 'J'he finished product is run into 
8-lb. ingots, winch are earcfnlly coveied wifh 
slag and allowed to (!Ool without disturbance. 
The coal consumption is large, but is . com- 
pensated by a much smaller loss by volatilisation 
than occurs in other processes. 

Rf^mng in reverheratory ftirnnres is used at 
Milleschau, BAnya, Siena, and Oakland. It is 
imperative that the bed of the ftirnaeo should 
be tight and abh; to withstand the action of the 
alkali flux, and this is best attained by making 
it of one solid piece of soft, weathered granite. 
A fairly good substitute for the granite is a 
mixture of burnt and raw clay well ranim(*d into 
an iron box. An examph' of such a jirocoss is 
that recommended by Jlclmhaeker and used at 
Milleschau (Berg. u. Hiitt. Zeit. 1S83, 191; and 
Dmgl. poly. J. 250, 123). 

' A ‘ glass of antimony ’ is prepared by fusing 
a mixture of the crystalline antimony oxide 
which collects on the hottei- portions of the flues 
with sulphide of antimony, until it forms a 
glassy dark grey or brown mass *, this is mixed 
with the carbonate for the purification of the 
metal, and is occasionally used alone w^hcrc the 
metal is but slightly impure I 

The bed of the furnace is heated to a cherry | 
red and 600 to 700 kiloa. of crude antimony , 
placed on it ; a quantity of oxide and some | 
arsenic escape, and in from 30 to 60 minutes the j 
metal has run down. From 3 to 7 p.c. (according 
to the purity of the metal) of carbonate of soda, 
sometimes mixed with coal or coke, is then added 
The metal is thus covered and fumes less, small 
jets of flamo appearing occasionally on its sur- 
face ; the temperature is raised, the metal 
remaining under the slag for from 1 to 3 hours 
(determined by the workman), the slag then 
becomes thick, and is removed by drawing it 
through the door with a long-handled flat 
transverse non. 

Three p.c. of antimony sulphide and p.c. 
of oxide are then thrown on the surface of the 
mots I, and when meh od p.o. carbonate of 
potash, or of a mixture of carbonate of potash 
and Boda, are added. By this means the iron 
and kJI traces of sulphur are lemoved ; m 
less than 16 minutes the refining is complete, and 
the critical operation of ladling is jicrformed. 
A cast-iron hemispherical labile, holding 16-20 


kilos., is riveted to a chain hanging from the 
roof exactly in front of the worki^ door, before 
which the cast-iron moulds for receiving the 
metal are arranged on a stone table. The work- 
man dips his ladle obliquely, removing some slag 
with the metal ; part of this is first poured 
into the mould to prevent the metal from 
actually touching the mould, and the metal is 
well covered with the slag and left at rest. 
Unless tins be done the ‘ starring ’ will be im- 
perfect, and, as this is considered a test of purity, 
its value will be lowered in the market. The 
.slag may generally be used again. The oxide 
condensing in the flues is removed as seldom as 
possible, as tliis operation, as well as the furnace 
work, is very injurious to the workers. 

Star antimony usually contains small 
amounts of iron, lead, sulphur, and arsenic, but 
can be further purified by Liebig’s method, 
which consists in fusing the metal successively 
with 12 p.c. sodium ^carbonate and 6 p.c. anti- 
mony sulphide, and again with sodium carbonate 
to which a little nitre has been added. 

The following arc typical analyses of com- 
mci'caal antimony (?;. Min. and Sci. Press, 
July 10, 1916). 



CookHdll’b, 

Hallett’s 

J.ipanese, 

Chinene. 

Lead 

. 0'()41 

0-669 

0-424 

0-018 

Tin^ 

. 0-()35^ 

0-175 

0-012 

0-035 

Arsenic 

. trace 

trace 

0-096 

0-017 

Copper 

. 0-040 

0-038 

0-043 

0-008 

Iron 

. 0-010 

0-014 

0-(Kj7 

0-007 


When ‘ pure,’ and cast under correct con- 
ditions, a beautiful fern leaf or ‘ star ’ appears 
upon tlie surface of antimony, and according to 
the length and form of this star ’ on the ingot 
its quality is decided. Although the ‘star’ is 
accepted as a criterion for the purity of the 
metal, it is really only a rough guide. It is no 
guarantee that the metal is more than 99 p.c. 
pure, as it may be produced with inferior metal, 
while the very best metal may show an imperfect 
star or none at all if not properly cast. It is 
this peculiar characteristic of pure antimony to 
crystallise on the ingot in the feni-leaf or star 
! form when cooling, which originates the trade 
I term of ‘ star antimony ’ for good quality of 
antimony. 

For pharmaceutical purposes it is important 
to prepare antimony quite free from arsenic. 
This may be accomplished by Wohler’s method. 
A mixture of 4 parts powdered commercial 
antimony, 6 parts sodium nitrate, and 2 parts 
sodium carbonate (to prevent the formation 
of insoluble antimony arsenate) is thrown into 
a red-hot crucible. Combustion takes place 
quietly, the mass is pressed together and more 
strongly heated for half an hour, so as to become 
pasty without fusion, being pressed down as it 
rises from evolution of gas. While still hot 
and soft, it is removed, reduced to pow'^der, and 
boiled with frequent stirring in watef, the finer 
powder is poured off with the water, and the 
residue again treated, the washings bein^ mixed 
W'ith that first obtained. The water, which con- 
tains the whole of the arsenic but no antimony 
(Meyer), is removed from the insoluble portion 
by .subsidence, decantation, and filtration. The 
residue of sodium antimonate should be white, 
but the presence of lead imparts a yellow colour. 
It is dried and fused with half its weight of cream 
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of tartar at a moderate heat, cooled, broken into I 
small lumps, and the potassium and sodium 
remov^ by digestion in water. The powdered 
metal is then fused into a button. 

This method may be used quantitatively for 
the separation of antimony from arsenic. U the 
sodium nitrate be replaced by potassium nitrate, 
a portion of the antimony Avill enter into solu- 
tion with the arsenic as potassium antimonato 
(v. C. Meyer, Annalcn, 4(), 236 ; Chem. Zentr. 
1348, 828). Arsenic may also be completely 
removed by fusing the antimony in succession 
with Ist, potassium carbonate ; 2nd, potassium 
nitrate ; 3rd antiraomc oxide ; 4th, potassium 
carbonate (Th. Martins, Kastn. Arch. 24, 253), 
or by fusing three times with fresh portions of 
sodium or potassium nitrate. 

Duflos (Kastn. Areli. 19, 56) recommend.s a 
rocess in which the arsenic is driven off as 
uorido by means of siiljihuric acid and fluorspar. 
{See further Schw. 42, 501 ; also Buchner and 
Herborger, Report, .‘hs, 381, 250.) 

Pure antimony may be obtained by heating 
tartar emetic to low redness and digesting the 
resultant mass m watiu’ to remove the potassium. 
The powder thus obtained may be then dried 
and fused into a button, 

Uroschuff (Zcitsch. anorg. Ohom. 1918, 103, 
164) describes the following method of preparing 
chemically pure antimony. Antimony tri- 
chloride or peiitachlorido is purified by distilla- 
tion and converted into cliloroaiitimonic acid. 
The chloride is diosolvod in concentrated hydro- 
chloric acid, and chlorine is passed in until the 
solution becomes greenish -yellow, and then 
hydrogen chloride is introdiu'cd. After purifica- 
tion by rocrystallisation, the chloroantimomc 
acid is hydrolysed to antimonic acid, wliich is 
reduced to metal by fusion with potassium 
cyanide. 

Testa for Impurities in Antimony. 

Sulphur. The powdered metal evolves sul- 
phuretted hydrogen gas (which blackens lead 
paper) on heating with strong hydrochloric 
acKl. 

Arsenic. If deflagrated with \ its weight 
of sodium nitrate, boiled with water and filtered, 
the arsenic enters into solution, leaving the 
antimony behind ; the e.olution is saturated with 
sulphuretted hydrogen (if an orange precipitate, 
consisting of antimony sulphide, falls, this must 
be filtered quickly ; it is due to the presence of 
a trace of antimony in the solution). The 
arsenic is deposited as the lemon-yellow sulphide 
on standing. 

Lead and copper. The metal is powdered 
and treated with dihite nilric acid, evaporated 
nearly to dryness, taken up with water and 
filtered ; the addition of sulphuric acid precipi- 
tates white lead sulphate, and the addition to 
the filtrate of potassium ferrocyanido gives a 
brown precipitate in presence of copper. 

If sulphur as well as lead be present in the 
antimony, the lead is converted at once into 
sulphate by the action of nitric acid, the residue 
on evaporation is digested with yellow am- 
monium sulphide, whi^ dissolves the antimonic 
oxide and leaves black lead sulphide. 

Iron,, The powdered metal is ignited with 
three parts nitre and washed with boiling water, 
the residue is boiled with hot dilute hydrochloric 


acid ; on the addition of potassium ferrocyanide 
a blue precipitate is produced. 

Detection of antimony. When fused on char- 
coal with potassium cyanide or sodium carbonate 
or a mixture of the two, antimonial compounds 
produce a brittle white bead of metallic antimony 
with white fume.s and a white incr^pstation on 
the charcoal ; the bead loaves a white residue 
on treatment with nitric acid, which is soluble 
111 cream of tartar or tartaric acid. Sulphide of 
antimony melts readily in th® candle flame. 

A delicate confirmatory test, given by 
(fiookes, is to add to the white incrustation on 
the chari;oal one drop of ammoifium sulphide, 
when the formation of tho orange sulphide is 
conclusive eTidenec of the presence of antimony. 

Estimation of ai)Umony. — ^^'et assay. — {a) 
Gravimetric. In tho case of ores and products, 
a weighed quantity is fused with sodium 
hydrate and a lit-Uo potassium nitrate, iJJio 
fiiM'd mass is extracted with water and' a 
little hydrochloric acid if necessary. Tho 
solution obtained is filtered, and if much 
rc,sidue remains, it is re-fused, A few grammes 
of tartaric acid and excess of oxalic acid are 
added, and hydrogen sulphide is passed through 
tho solution first cold and then after heating. 
The sulphide prenpitate is filtered off and 
digested with sodium sulphide and filtered. 
To tho solution, hyilrochloric acid and pcilassiuin 
chlorate are ailtlcd, and it is boiled until free 
from chlorme. The acidity of the solution is 
adjusted to ,50 p.c., hydrochloric acid and 
hydrogen sulphide passed to precipitate arsenic, 
which, if present, is filtered off. The solution is 
diluted to three times its volume, and is ready 
for the preei{)itation of the antimony. In the 
case of alloys containing antimony, those are 
dissolved in hydrochloric acid with the aid of 
potassium chlorate to the sSlution, excess of 
tartaric acid is added, and it is poured into a 
solution containing soda in excess. The solution 
IS digested, filtered, and t he precipitate washed 
with sodium sulphide solution. The filtrate is 
acidified with hydrochloric acid, potassium 
chlorate is added, it is then foiled until free from 
I chlorme, and excess of oxalic acid is added. In 
either ease hydrogen sulphide ie now passed into 
the cold solution for 20 minutes. Then, without 
stopping the current of gas, the solution is heated 
to boiling, and the gas allowed to pass for another 
15 minutes. The resulting precipitate of sul- 
phide may then be subjected to one of two 
I methods of treatment. It may be collected 
on a Cooch crucible, washed with hot dilute 
acetic acid, saturated with hydrogen sulphide, 
and heated to constant weight at 230® in a 
current of carbon dioxide. Or the precipitate 
may be collected on a filter, washed successively 
with hot water, alcoliol, equal parts alcohol 
and carbon disulphide, alcohol, and, finally, 
ether, and then dried. The greater part of the 
precipitate is transferred to a watch-glass, and 
that still adhering to the paper is dissolved in a 
little hot ammonium sulphide, and the solution 
allowed to run into a weighed porcelain cru- 
cible. This is then evaporated to dryness, the 
main portion of the precipitate added, and the 
whole treated with fuming nitric ^cid and 
warmed, the crucible bemg covered with a 
watch-glass. When tho violent action has sub- 
sided, the contents of the crucible are evaporated 
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to dryness, again treated with nitric acid, and 
finally evaporated to dryness and heated to 
redness till the weight is constant. The anti- 
mony is then weighed as tetroxide. 

Volumetric. The most important volu- 
metric njethod is that of Mohr, in which anti- 
mony triocide or any antimonious compound 
is dissolved in a solution of tartaric acid, neutra- 
lised with sodium carbonate, treated with a 
cold saturated solution of sodium bicarbonate 
in the proportion of 10 c.c. to each 0*1 gram 
SbjOa* and quickly titrated with N/lO-iodine 
solution, usin^ starch as indicator. 

(c) Electroh/tir. ("lassen and otliors have 
shown that if antimony sulphide {v.s.) is dis- 
solved in the minimum amount of concen- 
trated solution of sodium siilpliidc, and treated 
with excess of s,odiura sulphite, or, better, 
potassium cyanide solution (to destroy poly- 
sfilphides), the liquid can bo successfully elect ro- 
lysed in the cold with a current of 0-2r)-jo-5 amp., 
using a platinum dish as cathode. The process 
takes about 12 hours, and gives a good coherent 
deposit of metal which can be washed with 
water, alcohol, and etlier, and finally dried and 
weighed. 

Properties of Aniimomj. 

Antimony is a lustrous, bluisli-white metal, 
which has a coarsely lamuiatcd or granular 
structure, according as it has been slowly or 
quickly cooled. By partial solidification it 
can be obtained in obtuse rhombohedra, 
approximating to cubes. 

The 8p.gr. of the metal is r)‘72-f)‘86. It 
molts at G30‘f)° C. (Ileycock and Neville, C3iem. 
Soo. I^ans. 1895, 180), and bods at about 1500° C. 
in a current of hydrogen. Antimony has a 
hardness of 3- 3 '5, and is so brittle that it can 
readily be poivd(!red. It is a bad conductor of 
heat and electricity. 

The most important physical pro]>crty of 
antimony is that of expanding on solidification, 
a property po.ssesscd also by its alloys. At 
the ordinary temperature it is not acted on by 
the air, but oxidises quickly on melting, and 
burns at a red heat, producing white fumes of 
the trioxide. It is oxiilised by nitric acid of 
various strengths, dilute acid producing princi- 
pally the trioxido, and the concentrated acid 
produoing the pentoxide (11. Rose, Analyt. 
Uhem. 1, 258). Dilute sulphuric and hydro- 
chloric acids are without action on it, but the 
strong acids produce the sul]ihato and cldoride 
respectively. When fused with borax or other 
vitrifying material, it imparts to them a yellow 
colour. 

Antimony combines directly with tlio halo- 
gens with evolution of light and heat, and also, 
at a higher temperature, with the elements of 
the sulphur group, and with phosphorus and 
arsenic. The (dement occurs in three modifica- 
tions ; (1^ the crystalline or ordinary form 
described above ; (2) an amorjihous yellow 

modification, soluble in carbon disulphide, "which 
is prQduoed by the action of ox>gen on liquai 
stibine at —90®; and (3) the amorphous c'x- 
plosive antimony, which is best prepared by the 
action qf«a weak constant electric current on a 
concentrated acid solution of antimony tri- 
chloride, the strength of current bearing a con- 
stant relation to the surface qf deposition, not 


less than J grain being deposited per sq. inch 

{ ler hour. Thus produced, it is bright and steel 
ike in appearance, with an amorphous frac- 
ture and sp.gr. 5*78. When heated to 200°, 
or struck or scratched, it rapidly changes into 
the crystalline form, increasing in density, with 
the production of great heat. Antimony tri- 
chloride is always contained in the metal to the 
extent of 4'8-7*9 p.c., and is given off when 
the form changes. It is probable that this 
substance is a solid solution of an antimony 
halogen compound in an allotropic form of 
aniirnoiiy, and that the explosion consists in the 
rapid transformation of the latter into the stable 
form. The change is accom])aiiied by an evolu- 
tion of lieat amounlmg to 20 cals, per gram. 
(V)heii and others (Zeit. physikal, (ffiem. 1904, 
47, 1 ; 1005, 50, 291 ; 52, 129) have shown 
that this change goes on slowly when explosive 
antimony is preserved. 

Antimony is preeipi1al('d as a fine powder by 
the action of zinc t^n an acid solution of an 
antimon}'^ salt. In this form it is sold as ‘ iron 
black ’ for producing an apjiearancc of polished 
steel on papier niaclK'. plaster of Pans, and zinc 
ornaments. 

Brass can be covered with a fine lustrous 
coating of antimony by dijiping m a liot mixture 
of \ part tartar emetic, 1 jiart tartaric acid, 3 or 
4 pajts powdered i^ntinioiiy, 3 or 4 parts hydro- 
chloric acid, and 3 parts water. 

It may be deposited (dectrolytically on brass 
or copper by using a bat-h of the double chloride 
of antimony and ammonia acidulated with 
hydrochloric acid. 

Alloys of Antimony. 

Antimony alloys with most of the heavy 
nu'tals and with the alkali metals. It dissolves 
in a solution of sodium in liquid ammonia. 
It generally increases the fusibility, brittleness, 
and JiardiU'SK of the metals with which it is 
alloyed, and imparts the valuable property of 
e.Kpan(lmg on solidification, thus producing very 
lino ini])ressioiis. The sharpest impressions 
are pioduced when any of these alloys arc cast 
at a low temperature (J. 8oc. Chem. Ind. 1, 
982). The castings are usually made in brass 
moulds coated with lampblack and turpentine. 

Witli lead, antimony alloys readily in all 
proportions. An alloy of equal parts of lead 
and antimony is very brittle, and rings when 
struck. Nasmyth has recommended the addi- 
tion of 5 p.c. antimony to load for use instead of 
bronze in taking casts of works of art ( Athenamm, 
No. 1176, 511). 

Type metal is essentially an alloy of lead and 
antimony, frequently with addition of tin and 
containing less frequently copper. A few 
examples of common type-metals are: 


Type metal 

liOad Antimony 

Tin 

Copper 

55 

30 

15 


70 

18 

10 

2 

„ 

' 77-5 

16 

6-5 



„ 

82 

15 

3 



Stereotype plate 

85-7 

14-3 




Linotype metal 

82-5 

13 

4-5 



84-5 

13*5 

2 




83 

12 

5 

— 


The ajloys, containing varying proportions of 
antimony, are also used, under the name of hard 
lead, in lead pipes, for making pumps and taps 
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for raising acid in alkali works, in the manu- 
facture of shrapnel and shot, and for the eihery 
wheels and tools of the lapidary. 

Tin forms numerous useful alloys with anti- 
mony, especially with the addition of other 
metais. Common Britannia meial contains 
tin 94, copper 1, antimony 6. Britannia metal 
for castings: tin 90*0, copper 0 '2, antimony 9*2. 
The best Britannia metal contains tin 90, 
antimony 10, lead and bismuth being carefully 
excluded. Copper also is never added except 
for the production of colour. Increasing the 
proportion of antimony raises the m.p., increases 
the hardness, and decreases the malleability of 
the alloy. Cood alloys take a brilliant polish, 
and show a fine-grained, jagged fracture. The 
presence of arsenic in the antimony diminishes 
the ductility of the product. 

Metal argentum contains tin 85*5, antimony 
14*6. 

Aslihury metal : tin 77*8, y.inc 2*8, antimony 
19 '4, Ships’ nails, tin 5t), lead 33, antimony 17- 

Minofer is tin 08*5, antimoiu'^ 18*2, copper 
3*3, and zinc 10. 

Bearing or anti-friction metal usually contains 
antimony, tin, lead and copper, but the composi- 
tion is very variable. As the name indicates, 
it is used for machinery bearings, being especially 
suitable for light loads at high speeds. As 
examples of those alloys <Jic following »jiay be 


given : — 

Antiinony Tin 

Copper 

Load 

Babbit’s motai . 

8*3 

83*3 

8*3 

— 

Railway bearings 

15 

8 

2 

75 

13*5 

11 6 

3 

72 


10 

5i 

2 

37 

U.S. Rly. Babbit metal 
German Rly. Babbit 

7*4 

88*9 

3*7 

— 

metal , 

11*1 

88*3 

5*0 

— 


Copper. Th.e presence of 0*15 p.c. of anti- 
mony renders copper both cold and hot short. 
With varying proportions of the two metals, 
shades from pure copper-red to rose-red, crimson, 
and violet may be obtained, the last when equal 
parts of each are present. Two definite com- 
pounds of copjicr and antimony appear to exist, 
viz. SbCuj, a violet alloy known as ‘ Begulus of 
Venus,’ and SbCua (Kamensky, Phil. Mag. L5J 
17, 270, V. also Ball, Them. Soc. Trans. 1888, 167). 

Antimony is sometimes added to brass to 
heighten its colour. These alloys are harder and 
finer in texture than copper or brass, and take a 
better polish, and are sometimes used for con- 
cave mirrors. 

Zinc,. Antimony forms alloys with zinc, 
which decompose water rapidly at the boihng 
temperature, and this action is promoted by the 
presence of traces of pla^inic chloride. Cooke 
has suggested the suitability of this reaction 
for the preparation of pure hydrogen. 

Melted gold absorbs the vapour of antimony, ' 
but gives it up almost entirely on further heating. 
Gold loses its malleability when of antimony 
is present. An alloy of 9 gold and 1 antimony 
is white and very brittle, with an amorphous 
porcelain -like fractu.o. Silver antimonide occurs 
as the mineral discrasiie. C. 0. B. 

Compounds of Antimony. 

The principal compounds of antimony are 
formed by combination with oxygon, sulphur, 
and chlorine ; some compounds contain two of 


these Dilative elements, of which (heoxyohloiide 
or po^Hler of Algaroth, and the oxysulphide or 
glass of antimony are examples. 

The most important of these are the tri- 
chloride, trisulphide, and trioxide. 

Antimony trisulphlde 

Crude antimonyy antimony ofe, sesquisul- 
phide of antimony ; Schwefehpiessglanz ; Grau- 
Spiessglanzerz ; Stibium sulphuratum nigrum ; 
lupus metallorum. 

This substance, as it occurs naturally, hr after 
liquation, is usually too impure to be employed 
for other purposes than the preparation of the 
metal. 

The ordinary sulphide may be prepared by 
the following methods : — 

(1) Thirteen jiarts pure antimony are mixed 
with 6 parts flowers of sulphur, and projected in 
portions into a rod-hot crucible ; when com- 
pletely fused, it is poured out and any free metal 
detached. 

(2) Sulphuretted hydiogcn precipitates it as 
an orange precipitate from a solution of an 
antimony salt. 

(3) Digest for two hours in a closed vessel 

I part crude antimony suljdiido, 1 part pearl 
ash, II parts lime,, and 15 parts water, and add 
sulphuric acid ; the alkaline sulpho- salt first 
formed is decomposed by the acid with^the pre- 
cipitation of the pure siilplndo. Antimony sul-^ 
phide is soluble in alkaline sulphides and in* 
acid potassium sulphate. When finely powdered 
and rubbed to a paste at 20® or 30® u ith strong 
sodium sulphide solution, a coppery metallic 
mass is produced, and the liquor, on addition of 
more sodium sulpliide, yields Bchlippo’s salt. 

The sulphide is used to some extent in re- 
fining gold from silver and copper, and in the 
preparation of safety matches and percussion 
pellets for cartridges, in pyroteebny and in 
veterinary surgery. • 

Kermes mineral. Brown-red antimony sul- 
phide. Pulvts Carthusianorum, Sulph. slibia- 
tum rnhrum. 

Kermes mineral usually consists of a mixture 
of the trisulphido and trioxirte containing alkali. 
Berzelius and Rose stale that some samples 
examined by them consisted of a true double 
sulphide of potash and aniimony. 

Prejfhration. — Fuchs asserts that if antimony 
sulphide is heated and suddenly cooled in water 
it yields an orange-rod, less dense powder of 
kermes. A. Ditte (Compt. rend. 102, 212) docs 
not confirm this statement. 

(1) Four parts pure potassium carbonate and 

II parts pure antimony sulphide are heated to 
fusion in a covered crucible, cooled, boiled with 
water, and filtered. 'I'he solution on exposure 
to the air deposits kermes, the residue from the 
first boiling is heated with the mother liquor 

, from some previously deposited kermes, and 
I yields a further quantity ; this operation is re- 
1 peate^ until an insoluble residue of triaulphide 
and trioxide is loft. Each successive deposit of 
the kermes contains a larger amount of the oxide. 

(2) Fuse tc gother 2 parts antimony, 1 sulphur, 
and 3 sodium carbonate ; or, 1 antimony 
sulphide and 3 or 4 tarlaric acid, until fumes 
cease to be evolved ; and treat the {Product as 

, in (!)• 

(3) The slags from the reduction of antimony 
I ore with crearg of tartar slowly precipitate 
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kermes when treated %7ith water ; this is sold to , 
veterinary surgeons as ‘ kermos by the dry way.’ 
When antimony sulphide is boiled with potash 
and precipitated with an acid, the kormes pro- 
duced contains no oxide (Liebig). The kermes 
roduced by the action of dilute alkaline car- 
onato on antimony sulphide also contains no 
oxide (Rose). The oxide may be removed from 
ordinary kormes by digestion with tartaric aeid. 

A solution containing so much alkali as to give 
no precipitate on cooling gives, when treated 
with carbonic acid gas, a iiighly sulphurated 
kermes containing antimony pentasulphide. 

Kermes is a brown-red, loosely coherent ! 
powder, with a brown streak, containing water, | 
which is given oli below 100°. It is lighter j 
than the ordinary sulphide. 'Jiie kermes con- i 
taining antimony oyide, when fused and soluii - 1 
fie^, is destitute of crystalline structure, A\hilo 
that free from oxide produces a highly crystallino j 
solid. 

Antimony pentasulphide Sb^Sj. Golden sul 
phide of antimony ; sulphur antmonn auralmn. 

Prepared by boiling the trisulphide \\ ith potash 
and ground sulphur, filtering and precipitating 
with acid. Redwoo<l recommends 4 parts blacl< 
antimony sulphide, 8 lime, and 80 water, 
digested, filtered, and precipitated with hydro- 
chloric acid ; or, 2 sulphide, 4 potassium car- 
bonate, and 1 sulphur, to bo fused, treated with 
■ 20 parts water, liltered, and the solution pre- 
cipitated with a large excess of sulphuric acid. 

On treating the mother liquor from kermes 
mineral with an acid, the pentasuljihide is pre- 
cipitated with evolution of sulphuretted hydro- 
gen. The mother liquor from Schlippe’s salt 
also yicld,s this substance on the addition of an 
acid (R. Bartley, Chora. Soc. Trans. 1876, 1, 
748). It generally contains free sulphur. 

Antimony pentasulphide is of some import- 
ance commercially, as it is used in the process of 
vulcanising rubber. 

Antimony pentasulphide combines with alka- 
line sulphides, forming sulphantimonates, which 
as well as the sulphantiraonites (which contain 
less sulphur) are knoAvn as ‘ livers of antimony.’ 
Of these the sodium sulphantimonate, or 
8chlippe*8 salt, is the most important. 

A mixture of 11 parts finely powdered anti- 
mony trisulphide, 13 crystallised sodtum car- 
bonate,. 1 flowers of suljihur, 6 recently slaked | 
' lime, and 20 water, is digested at the ordinary 
temperature for 24 hours with frequent | 
stirring, in a vessel which can closed. It is 
then strained and washed several times with 
water, the solution and washings are evaporated 
in a porcelain or clean iron dish until a sample 
yields crystals on cooling ; the solution is then 
cooled, and the resultant crystals washed with 
cold water and dried in the open air or in a 
desiccator at the ordinary temperature. The 
salt is more rapidly formed when the mixture is 
heated (Liebig, Handworter. d. Chem. 2te Aufl. 
2, 139 ; also Cm. 4, 384). 

Oxysulpliides of antimony are formed by the 
' combination of the sulphides and oxides or by 
the partial oxidatitm of the sulphides. 

Antimony crocus dr saffrov,. Fuse together 
3 parts oft antimony trioxido and 1 part Irisul- 
phide, or fuse the oxide with the calculated 
quantity of sulphur. 

The scoria from the fusion of the sulphide 


with carbon and alkaline carbonate in the pre- 
paration of the metal is known as croous of 
antimony. 

Crocus of antimony is a brownish -yellow 
body. 

Glass of antimony. Viirum aniimonii. When 
antimony sulphide is fused until the necessary 
amount of sulphide has been converted into 
oxide, the whole forms a glassy mass of this 
compound. The liest method of preparation is 
to roast the sulphide completely into oxide and 
fuse the product with 5 ), part of sulphur. Its 
colour varies with the proportion of sulphur 
present from ycllowish-rcd to hyacinth red. The 
liest quality is of a fine red colour, and con- 
tains 8 antimonious oxide and I antimonious 
sulphide 

Antimony cinnabar ia an oxysulphide of a 
fine vermilion colour, soft and velvety, and un- 
altered by air or light ; it is used in the prepara- 
tion of oil and water colours, and in calico-print- 
ing. It ia prepared *by dissolving antimony 
oxide in hydrochloric acid, and placing the solu- 
tion m a large wooden tub which is | filled 
with calcium hyposulphite, d'ho mixture is 
stirred and heated with steain to 70®, the pre- 
cipitate soon subsides as a yellowish sediment 
which changes to a briglit orange-red, and is 
thoroughly washed, and dried below 50°. N. 
Teck 4 Choin. Zentr., 26, 1880) prepared it from 
4 parts tartar emetic, 3 tartaric acid, 18 water 
mixed at 60° with hyposulphite of soda and 
boated to 90° (Wagner), or 4 volumes antimonious 
chlorideofsp.gr. 1-19 mixed with 10 vols. water 
and 10 vols. hyposulphite of 1*19 sp.gr., and 
heated gradually to 55^ (Mattieu Blessy). 

Antimony yellow {Mi^nm^c's yellow). Accord- 
ing to the method of McTimee, a mixture of 3 
parts bismuth, 24 parts antimony 8ul]3hide, and 
64 parts nitre, is ihrotra little by little into 
a heated crucible, fused, powdered, washed, and 
dried. In this way bismuth antimonate is pro- 
duced. Of this 1 part is mixed with 8 parts 
ammonium chloride and 128 parts litharge, and 
fused as before. The time occupied and the 
temperature used cause considerable variations 
in the colour. Mdrimtie’s yellow is a fine per- 
manent colour of good body. It is only used 
for the finest painting. 

I Naples yellow is essentially an antimonate 
I of lead containing excess of lead oxide, but 
mixtures of carbonate and chromate of lead are 
also sold under the name. Many processes may 
be used for its preparation. According to 
Brunner, a mixture of 1 part tartar emetic, 2 
parts lead nitrate, and 4 parts sodium chloride is 
heated, just to fusion, for 2 hours. The cooled 
mass is placed in water and soon falls to pieces. 

! According to Guimot, it may bo produced by 
! heading a mixture of 1 part potassium antimo- 
' nato and 2 parts red lead. It is a fine very 
1 permanent orange or yellow pigment, used in 
I oil-painting, and, mixed usually with a lead glass, 
I for glass and porcelain staining. 

I Antimony trichloride ( Butter of antimony). 

Prepared by dissolving the sulphide in strong 
hydrochloric acid with a small quantity of nitrio 
acid and evaporating to dryness. 

To prepare the pure chloride, the acid solu- 
tion is evaporated until it just crystallises on 
standing in a cool place ; it is then transferred 
to a retort and distilled until a drop of the dis- 
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tillate solidifies on a cold surface ; the receiver 
Is then changed, and the further distillate is 
pure. 

It is a white, buttery, semivitreous, delique- 
scent solid. When pure, it is crystalline, and 
melts sharply at 73 "2®, and boils at 22.3*5* 
(Beckmann, Zeitsch. anorg. Cheni. 1906, 61, 96). 
It is used as a caustic in medicine, for the pre- 
paration of tartar emetic, and as a ‘ bronzing 
solution ’ for gun-barrela, &c. For this pur- 
pose a saturated solution is mixed with olive oil, 
rubbed over the warmed metal and exposed to 
the air until the proper colour is produced. 
When bronzed, the metal is polished with a 
burnisher or with wax, or coated with a varnish 
of 2 oz. shellac, 3 drachms dragon’s blood, dis- 
solved in 2 quarts of methylated spirit. 

Antimony oxychloride. Boaic chloride, 
pou>der of Algnroth ; pulvis Algarothi ; 8. 

Argelicus ; mercuriw vitas, d;c. 

Water is added to a solution of the trichlor- 
ide until it is distinctly turbid, when it is filtered 
(the precipitate carries down any traces of sul- 
phuretted hydrogen which may be present, and 
which if left would soon turn the substance 
yellow). Five to ten volumes of water are added, i 
and the precipitate is washed with cold water 
and filtered. Its composition varies with the ' 
temperatur® at which it is produced and the j 
amount of water used, verging betweer* SbOCl 
and, whore a very largo amount of \Aat(T has 
been used, SfijOj. It is a white powder, and^is ! 
principally used for the jireparation of pure ! 
antimonious oxide and tartar emetic. i 

Antimonious oxide 8640 ,,. Tnoxidr of anti- [ 
mony. if antimony is powdered and boated in ' 
a shallow dish, it eventually forms antimony | 
tetroxide 8 b, 0 ^; thi.s, together with the un - 1 
changed metal, is fused in a crucible, when 
the tetroxide and antimony react, forming anti- 
monioua oxide, the excess of antimony sinking 
to the bottom of the crucible. I 

For phaimuceutical purposes 20 parts of finely 
powdered antimony sulphide are gradually added 
to 100 parts iiydrochloric acid containing 1 part 
nitric acid, and heated, gently at first, and 
then more strongly, until sulphuretted hydrogen 
ceases to be evolved. It is then boiled for an 
hour, enough water is added to produce a slight 
precipitate, wliich removes the last traces of sul- 
phuretted hydrogen, and filtered into a ves.sel 
containing 1 gallon of water, precipitating the 
oxychloride, which is filtered and w'ashed until 
it ceases to have an acid reaction ; it has then 
become converted into the trioxide. 

It is a white fusible solid, slightly soluble 
in water, volatije at a red heat. It becomes 
further oxidised to the* tetroxide Sb 204 on 
heating in air, and is then non-volatile. 

Ib presence of alkalis it absorbs oxygen ; 
for this reason it has been proposed to use it for 
reducing nitrobenzene to aniline, and in the 

n aration of aniline red. 

t is used for the preparation of tartar emetic. 
When ground with linseed oil it is sometimes 
^lB 6 d as a substitUi/C for white lead, being less 
injurious to the workmen and less acted upon by 
sulphur gases ; it has, however, less ‘ body * and 
is more e^piensive. 

Tartftf emetic. Potassium anUmony tartrate. 
Tartarus stibiaius. Brechweinstein ; spiessglanz- 
Weinstein. 2C4H4K(SbO)Oj,HjO. Three parts 


antimonious oxide and 4 cream of tartar are 
made into a thin paste with water and digesied 
for about half an hour, keeping the water at 
constant volume ; 8 parts of water are then 
added, boiled, and filtered whilst hot. The 
oxychloride or oiy sulphide may be substituted 
for the oxide, but not so satisfactifrily. 

Tartar emetic forms octahedral crystals, 
which give off a part of their water on exposure 
to the air. They dissolve in 14*6 parts cold and 
in 1*9 parts boiling water. They show an acid 
reaction with litmus, and have a nauseous 
metallic taste, 6-10 centigrams causing vomiting, 
and larger quantities being very poisonous. 

It is used in medicine and in the preparation 
of pomades, &o., and also largely as a mordant 
in dyeing and calico-printing. Mixtures of 
tartar emetic for mordanting are sold containing 
as much as 33-69 p.c. zinc sulphate at a l^wer 
price, under the names tartar emetic poicder, 
tartar emetic substitute, antimony mordant, &o. 
It is known that zinc acetate may partly replace 
the tartar emetic with advantage, but the 
sulphate appears to bo a simple adulterant (H. 
Smid, Chem. Zeit. 1882, 049). 

Several other compounds of antimony have 
been proposed for mordants instead of tartar 
emetic. F. Jacquet (Dingl. poly. J. 267, 168) 
advised the use of a mixture of basic antimony 
oxalate with twice its weight of ammonium 
oxalate. Nbltirig recommended the double 
oxalate of potash or of ammonia and antimony 
(Dingl. poly. J. [3] 255, 122). It is stated that 
the latter comj)ound 8 have long been used under 
other names. 

The use of the fluoride (which is not pre- 
cipitated with excess of water) and the double 
fluorides of antimony and the alkahs has been 
patented by S M‘Lean. Watson, jun., patented 
a ])roe('s.s for using trichloride with sufficient 
eouuuon salt to picvent. the precipitation of the 
oxychloride ((1. Watson, J. Soc. Chem. Ind. 
1880, 6, 691 ; B. W. (lorlarid, J. Soc. Chem. Ind. 
1884, 4, 643 ; and Kopp and B^u^ 5 ^e, J. Soc. 
Chem. Ind. 1888, 506). A double salt of anti- 
mony fluoride and ammcMuni sulphate SbFa 
(NK J-^SO^, knoM'n as ‘ antimony salts,’ is also 
u.sed 111 dyeing, but as it attacks glass as well as 
metal, it should be stored and worked in wooden 
vessels, A good bath is 100 litres water, 400 
grams antimony salts, 200 grams soda crystals, 
at a temperature of 50'^ (Frey, Bull. Soc. Md. 
Mulhouse, 1888, 301). 

i Tartar emetic as a mordant has, at the 
present time, been largely superseded by the 
double oxalate of potassium and antimony, as 
it IS cheaper than the tartrate, and equally 
efficient, although it contains less antimony. 

F. During has recommended the use of 
, the double lactate of antimony and calcium, 
which can readily bo obtained by mixing, 
in the dry state or in solution, alkali lactates 
with ‘ antimony salts,’ or other antimonious 
compounds (Farber, Zeit. [20] 319). He states 
that at least 80 p.c. of the antimony in the 
solution will actually go into the ‘ cloth as 
mordant. 

ANTIMONY SALTS. A compound of anti- 
mony fluoride with ammonium sulpHkte used as 
a mordant (v. Antimony). 

ANTINONIN. Trade name for a solution 
of potassium o-dinitrocresol used as a fungicide. 



ANTIPERIOSTIN. 


364 

ANTIPERIOSTIN. Trade name for mercury 
iodocantharldate. , 

ANTIPYONINUM. Trade name for sodium 
tetraborate. 

ANTIPYRIN. Phenyldimelhylpyrazolone {v. 

Pyrazoi-e). 

ANTIRRKINIC ACID v. Dioitalts. 

ANTISEPTICS V . DismFEcrANTS. 

ANTISEPTINE. Said to be a mixture of 
zinc iodide, zinc sulphate, boric acid, and thyhiol 

ANTISEPTOL. Cinciwnidine iodosulphair, 
used as a substitute for iodoform. 

ANTISPASMIN. Trade name for a com- 
bination of narceine and sodiuni salicylate. 
Used as a narcotic and sedative. 

ANTITHERMIN, Pheu.ylhydrazone of Imm- 
linic acid CH 3 *(^.(N 2 }[-C„H 6 )*('H/(:H 2 *C 02 M is 
obtained by dissolving plienylhydrazme in dilute 
acetic acid, adding an aqueous solution of the 
equivalent quantity of Lwulinic (acetopropionic) 
acid, and crystallising the resulting yellow pre- 
cipitate from alcohol (Farbw. vorm. Meistcr, 
Lucius & Briining m Ilochst a M , (L K. P. I*at, 
37737). 

It forms colourless, inodorous, and tasteless 
scales, melts at 98''-99®, is sparifigly soluble in 
cold water, soluble in alcohol, ether, or dilute 
acids. It has been employed as an antipyretic 
(Nicot, Chem. Zentr. 1887, 415) ; but, according 
to Stark (Chora, and Drug, 32, 951), its use in 
medicine is now almost abandoned, as it is too 
toxic for use. 

ANTIVENIN V . Snake Venom. 

ANTOZONE. A supposed third modification 
of oxygen, assumed to be present in the fogs 
produced when ozone acts on reducing agents 
such as sodium bihulpliite or hydriodic acid. 
According to Rothmund (Z. Flcktrochcm. 1917, 
23, 170), the phenomenon is due to the volatile 
character of the reducing agent and to be directly 
ctrtisedby the presence of these snbstarues in the 
vapour phase. 

ANTWERP BROWN v. Pigaients. 

ANVULA V . Amlaki. 

AOOD-l-BALSAM. Balsam of Mecca (v. 
Oleorksins). 

APATITE. A crystallised mineral, consist- 
ing of calcium phosphate in combination with 
6uorino, chlorine, hydroxyl, or carbonic acid, 
the formula being {CaF)Ca 4 (P 04 )j or 3Ca3(P()4)2 
-pCaFj, whore P may be replaced by Cl, OH, or 
COg. There are thus several chemical varieties, 
namely, fluor-apatite, chlor-apatitc, hydroxy- 
apatite, cajb-apatite, and oxy-apatite ; the last 
two being also called podolitc (V. Chirvinsky, 
1907), and voelckente (A. F. Rogers, 1912) 
respectively. On the composition of these 
several members of the ajiatito group, see papers 
by A. F. Rogers (1014) and W. T. Schaller (1912), 
Similarly, by partial replacement of the calcium, 
there are the chemical varieties mangan- apatite, 
oupro-apatite, and talc -apatite. In addition to 
these, some other trivial names arc applied to 
varieties of crystallised apatite ; for example, 
asparagus -stone, from Munca in 8pain , raoro- 
xite, from Arendal in Norway ; and francolite, 
from Wheal Franco, n^ar Tavistock in Devon- 
shire. The distinction between fiuor-apatite 
and chlorJipatite is, however, the only one of 
any importance. (For the varieties of massive 
apatite, v. Phosphorite.) 

Apatite is often found as* well-developed 


crystals. These belong to the hexagonal 
system, and are usually Dounded by a six-sided 
prism and pyramid with the basal plane, though 
aometime.s numerous other brilliant facets are 
resent. The colour is commonly greenish or 
rownish, but sometimes sky-blue, violet, or 
colourless. The crystals may be transparent or 
opaque, and they have a vitreous to sub-resinous 
lustre. Fp.gr 3 ’2 ; hardness 5 (the mineral can 
be scratched witli a knife). Owing to its 
variable appearance, apatite is frequently mis- 
taken for other minerals, and it well deserves 
its name, from diraTacu, ‘ to deceive.* In 
determining the mineral, it is always well to test 
for phosjihoric acid. 

As microscopic crystals, apatite is present as 
an accessory constituent of igneous rocks of all 
kinds. It also occurs in metaraorphic rocks and 
in metalliferous veins. Fine specimens are 
found at many localities, but only in two 
regions — in Norway an^ Canada — is crystallised 
apatite mined for commercial purposes. In 
southern Norway, particularly in the neighbour- 
hood of Kragero and Oedegaarden, near Ramie, 
extensive deposits of chlor-apatito occur in 
connection with gabbro (a pyroximc-felspar rock 
of igneous origin). Large deposits of fluor- 
apatito arc mined in Ottawa (’o , Quebec, and 
in Renfrew Co., Ontario ; here the mineral forms 
bods iitLaurcnf ian giieiss, usually in association 
with crystalline limestone. In the iron mines 
at Minevillo, m Essex Co., New York, small 
grains of apatite occur disseminated in magnetite, 
sometimes to the extent of 5 ji.c. of the mass. 
Iff 'I’c it is separated by a magnetic ])roces8, and 
used for the manufacture of fertilizers. 

On the Norwegian deposits, sec J. H. L. 
Vogt, Dio Apatit-Ganggruppe, Zeits. prakt. 
Ceol. 1895, iii, 307, 444, 4C5. On the Canadian 
deposits, the various publications of the Canadian 
Geological Survey, See also 0. Stutzer, Die 
wichtigsten Lagerstaticn dcr ‘ Nicht-Erze,’ 
Berlin, 1911, i. L. J. S. 

APERITOL. A mixture of C(jual parts of 
valcrianyl and acetylphenolphthalein, used as a 
laxative. 

APHTHITALITE. Native sulphate of po- 
tassium and sodium, (lv,Na) 2 S 04 , containing 
K : Na in ratios varying from 3 : 1 to 4 : 3. It 
occurs sparingly as crusts and dehcate platy 
crystallisations on Vesuvian lava ; these are 
colourless, or often tinged with blue or green. 
The crystals are rhombohedral and optically 
uniaxial, although often simulating ortho- 
rhombic forms ; and arc dimorphous with the 
usual orthorhombic modification of potassium 
sulphate obtained artijjcially. The same mineral 
has been found at Rocalmuto, Sicily, and in the 
potash -salt deposits at Douglashall, near 
Wcsteregcln, in Rriis.sia. Synonyms are arcanite 
and glaserite. L. J. S. 

APHTHITE. An alloy containing 800 parts 
of copper, 25 of platinum, 10 of tungsten, and 
170 of gold (Zeits. f. d. C. Grossgew. 4, 313). 
APIGENIN V. Flavone. 

APIIN. A glucosidc contained in parsley and 
ci'lery, forming on hydrolysis apigenin and a 
disaccharide, made up of a-glucose and a pentose, 
aptose (Vongerichten, Annalen, 1901, 121), (v. 
Flavone and Glucosides). 

APIOL V . OrT.S, ES.SBNTLAL. 

APIOSE V. Carbohydratbsi. 
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APIOS TUBEROSA (Moench.), Glycine 
apios (Linn.). A leguminous plant from 
North America, the roots of which have been 
proposed as a substitute for the potato, and the 
young seedri for peas. Payen (Compt. rend 28, 
189) gives the following analysis of the root: 
Nitrogenous matters, 4*5 ; fatty matters, 0*8 ; 
starch, sugar, &c., 38*56; celliiloso, &c., 1*3; 
inorganic, 2*25 ; water, 57*8 (rf, Brighetti, Oliem. 
Zontr. 1900, i. 914). 

APIUM V. Oils, Essential. 

APIUM PETROSELINUM {Caru7n peiro- 
eelinnm) v. Flavone. 

APOCYNUM V. Dtuitalis. 

APOLLO RED y . AZO- <’()LOIlRINO MATTERS. 

APOLYSIN. Trade name for monoplieneti- 
dine citrate: antipyretic and analgcHic. 

APOMORPHINE t;. Oiium. 

APONAL, Trade name for amy carba- 
mate. 

APOPHOROMETER,. THE (Sublimation 
apparatus). The apophoromoter con.sisis e.ssen- 



tially of a ribbon of thin platinum, about 
() cm. long and 4 or 5 mm. wide, stretched 
bctwi'on two forceps, A, B, provided with 
binding screvvh so that an electric current can 
be sent through the platinum. One of the 
forceps is movable, and is acted upon by a 
light spring so as to keep the ribbon stretcliod. 
Beneath the ribbon is a watch-glass, C, held on a 
support which can be raised or lowered or turned 
to one side. From 6 to 30 mgrms. of the sub- 
stance under examination are spread on the 
ribbon, the watch-glass is moved upwards into i 
contact with the ribbon and then a second 
inverted watch-glass, D, is placed over the first ] 
one as a cover. A c urrent is now passed through 1 
the ribbon and graduallv increased until the 
sublimation temperaturl is attained. The 
temperature can be estimated with fair accuracy 
by means of an amperemeter. The whole 
apparatus may be placed under a bell-jar, if it 
be desired to work %n vneuS or in an atmosphere 
of an inert gas. W hen necessary strips of thicker 
platinum or moulded strips of carbon may be 
used instead of the thin platinum ribbon. 
Sublimation oxper.ments with this apparatus 
may with advantage bo used instead oi blow- 
pipe tests for the iaentifioation of minerals, and 
details of experiments made with various 
minerals are given (Joly, Phil. Mag. 1913, 25. 
301 ; J. Soc. Chem. Ind. 1913, 32, 509). 
APOPHYLUTE v. Calcium. 


APOREINE. A poisonous alkaloid found in 
the jpice of Papaver dvJbiumt m.p. 88®-89®. 
Forms crystalline salts, giving a bluish fluor- 
escence in solution. The hydrochloride 

C,,HibN08,HC1, 

forms silvery nacreous scales, Bublhning without 
decomposition in dry carbon dioxide between 
220® and 240°. 'J’ho neutral (normal) sulphate 
melts at 70°-75°, and when exposed to air and 
light, decomposes, forming a reddisli- brown 
jiowder (Pavesi, Cazz. chim. ital. 1914, 44, 
.398). 

APORETIN u. B HUUARU. 

APOTHESINE. Trade name for the cinnamic 
e.ster of diethyl amino projiyl alcohol. Used as 
a local anacpthetic. V . An.'ICSThetics. 

APOTURMERIG ACID r- Turmeric. 

APPALLAGIN. Trade name for a mercery 
compound of tetraiodophenolphthalien. 

APPERTOL, Trade name for a preparation 
of sodium btsulphite. Used as a preservative 
and disinfectant. 

APPLE. Tiio fruit of Pynis Mains (Linn.). 
Many varieties are known, differing greatly in 
size, shape, colour, and flavour. 

The solid mattyr of ajiple.s consists largely of 
sugars— la'vuloso, sucrose end dextrose ; their 
acidity is due to malic acid 02 H|O(C 00 H)j. 
In unripe apples st-aroh is present— sometimes 
to the extent of 4 or 6 p.c., but the fully ripened 
fruit is devoid of starch. (Cellulose forms about 
1 p.c, of the weight of the ripe fruit, pentosans 
about 0*6 p.c , and pectose matters also about 
0*5 ]) c. {cf. Schneider, Analyst, 1912, 492). 
Mineral matter is usually between 0*2 and 0*3 p.c., 
and about half of this is potash. Apple peel 
contains small quantities of waxes, similar to 
bees- wax. , 

The following analyses of American Baldwin 
apples show the changes which occur during 
ripening : — 



Very 

green 

Green 

Elpe 

Over- 

ripe 

Water 

81*33 

79*81 

80*36 

80*30 

Solids 

18*67 

20*19 

19*64 

19*70 

Reducing sugars . 

6*40 

6*46 

7*70 

8*81 

Cane sugar . 

1*63 

4*05 

6*81 

6-26 

Starch 

4*14 

3*67 

0*17 

none 

Free malic acid . 

1*14 

— 

0*66 

0*48 

Ash . 

0*27 

~ 1 

0-27 

0*28 


Hotter (Chem. Zentr. 1900, ii. 484) gives the 
following analysis of apple ash ; — 



Certain varieties of apples— particularly 
those used for cider-making — are rich in tannin, 
and, when the cells are broken, e.g. by cutting 
the apple or by a bruise, so as to admit air, a 
browning takes place — probably by the action 
of an oxydase upon the tannin, 

Otto (Bip'l. Zontr. 1901, ii. 663 ; and 1902, 

' 31, 107) found that the percentage of water 
increases during ripeniifg on the tree, but di- 
minishes on storing, that the starolf diminishes 
I and finally disappears, while the cellulose 
I remains constant. The nitrogen increases during 
ripening on thq tree, but afterwards diminishes. 
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1^16 aoidity diminishes during ripening, both 
before and after gathering. , 

The following figures relate to South- Atncan 
apples (Ingle). The flesh and rind of the ripe 
fruit, the core and pips being rejected, con- 
tained ; — 


Variety 

Koo 

Rei- 

nette 

1 de 
Canada 

N or- 
theni 

spy 

Vere- 

feld 

Lord 

Wolse- 

ley 

Water . ., 

85-08 


82-64 

87-65 

84-41 

Dry matter 

14-92 

— 

17-36 

12-35 

15*59 

Ash 

0-313 

— 

0-262 

0-270 

0-268 

Acidity (as 

malic acid) . 

0-47 

0-65 

0 48 

0-71 

0-47 

Reducing sugars 

7-44 

6-87 

10-26 

9-43 

10-85 

Canfi sugar 

4-63 

3-68 

4-77 

1-36 

1-.58 

Nitrogen 

0-046 

0-091 

0-068 

0-057 

0-043 

Crude fibre 

1-33 

1-24 

1-26 

— 

0 88 

Percent, in ash: 






Potash 

54-48 

— 

4S-.62 

53 30 

51-58 

Lime . 

2-63 

— 

1 -95 

1-82 

2 70 

Silica . 

1*61 

— 

1 58 

1-25 

0-90 

Phosphorus 






pentoxide . 

11-16 

— 

12-10 

8-09 

12-16 

Sulphur tri- 






oxide 

2*46 

— 

2-07 

3-13 

.3-10 

Chlorine 

0-60 

— 

0-89 

1-02 

1-00 


The proportions of lime found in these apples 
are apparently lower than those usually found 
in American apples, while the figures for phos- 
phorus pentoxide and chlorine are higher. 

Under normal conditions, tlie starch present 
in urmpe apples is converted, during ripening, 
into sugar by the •diastase present, but if the , 
unripe apples be bruised, this change is incom- 
plete in the bruised portion, and starch may be 
found in the browned tissues. According to 
Warcollior (Compt. rend. 1905, 141, 405), this 
is due to the paralysing effect upon the diastase 
of the tannin which escapes from the bruised | 
colls (and whicli, by the action of an oxydase, { 
gives rise to the browning), thus preventing thoi 
saooharifleation of the starch, upon which ! 
normal ripening depends. 

According to Eoff (J. Ind. Eng. (diem. 1917, 
9, 687), tha preponderant sugar, in all the twenty 
varieties examined, was hcvulose. This con- 
firms the observations of Thompson and 
Whittier (Bull. 102, 1913, Delaware Coll. Agric. 
Expt. Stat.), and of Browne (A. 1902, ii. 
371). 

Apples are now dri d by artificial heat (with 
or without the use of sulphur cboxide, which 
improves the colour), and sold, either as whole 
fruit or as ‘ apple rings,’ Fresh apples yield 
about one-seventh of their weight of the dried 
product, Zinc is frc(j[uently found in dried 
apples, probably from contact with zinc trays 
during the drying process. As much as 0’58 
gram Zn per kilogram has been found in Ameri- 
can dried apples. American analyses give as 
the average componentg of dried apples : 36 p.c. 
water, 1*4 jp.o. protein, 3‘0 p.c. ether extract, 
67 ‘6 p.c. carbohydrates, and 1'8 p.c. ash. The 
flavour, and particularly the odour, of apples 
can be imitated by wo-amyl- wo- valerate dissolved 
in spirits of wine. This constituies the ‘ essence 


I of apples ’ used in confectionery and per- 
I fumerv. 

H. I. 

APPLES, ESSENCE OF, v. Afplbs. 

APPLE-PULP (pomace) forms a by-product 
of cider manufacture, and has the fdlowing 
composition (8 samples) : Water (p.c.) 68-4-78 1 
fat (ether extract), 0-82-r43 ; protein, 1*03 - 
182; crude fibre, 4*42-10*6; ash, 0*66-2*27 ; 
carbohydrates (sugar, &c.), 9*6-22*0. Most 
stock eat it readily, and it is a satisfactory 
feeding stuff if given as an adjunct to more 
concentrated foods. It must bo given fresh, 
for it undergoes fermentation and putrefaction 
so rapidly as to be unfit for consumption in two 
or three days in warm weather. When dried it 
,may be used in the manufacture of compound 
cakes and poultry feeds. If mixed with salt 
it may be preserved if tightly pressed in a silo. 
It usually contains from 0*2-0 *6 p c. of potash, 
0*4 to 0*7 p.c. pliosphorip acki, and 1*6 to 1*7 p.c. 
nitrogen, and makes an excellent manure, if 
mixed with half its weight of lime to neutralise 
acids (Barker and (limingham, Journal of the 
Board of Agriculture, 1915, 22, 851), See 
Cider. 

APPLE TREE. {Pyrus malua, L. ; Pomme, 
Pr. ; Ajyfel, Gcr.) The wood is much used in 
turnery, and that of the crab tree is used by 
millwrights for the «teeth of mortice wheels. 
The bark contains a tannin identical with that 
contained in horse-chestnut bark. 

APRICOT. The fruit of Prunus armemaca 
(Linn.). 

The following analyses were made by 
Fresenius : — 


Sugars . 

t Free acid 
Nitrogenous matter 
Fectins, gum, &c. 

Ash . . 

Total soluble matter 

Seeds (stone) 

Skin and cellulose 
Pectoso 
Ash . 

Total insoluble matter, ex-i 

eluding ash . . / 

Water .... 


I. 

Medium 
size 
. 1-14 
0-90 
0-83 
6 03 
0*82 
— 9-62 


II. 

]jar;je 

wt, (id grams 
1-63 
0*77 
0-39 
9 28 
0*76 
12*72 


lu'^oluble 


4 30 3-22 

0-97 0*94 

0-15 1-00 

(0*07) (0*10) 

- 5 42 — 5 16 
84-96 82 12 


SlOo 

6*23 


100*00 100*00 

In Californian-grown apricots, Colby (Exp. 
Stat. Record, 1893, 4, 918 ) found in the whole 
fresh fruit, water, 85*16 ; dry matter, 14-84 ; 
containing nitrogen, CP194 ; sugar, 11-10; ash, 
0-49. 

The ash was found to contain : 

K 2 O NaaO CaO MgO Mn02 PvOj SOs 
59-36 10-26 3-17 3-68 0-37 13 09 3-63 
Cl FeaOa 
0-45 1-68 

Californian apricots appear to contain more 
nitrogen than the European fruit. . As many 
other analyses agree in giving about 11 p.c. of 
sugar, it is probable that some error has been 
made in Fresenius’ figures, though they have 
been widely quoted. 

The sugar is chiefly sucrose, with a little 
dextrose, and invert sugar, which becomes less 
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when the fruit ripens (Deamouli^re, Ann. Chim. 
anal. 1902, 7, 323). The colouring matter is 
probably related to carotin. 

The acidity of apricots is chiefly due to malic 
and citric acids. 

The kernels of apricot ‘ pits,’ or stones, like 
those of the other members of the Prunus 
family, contain araygdalin and about 40 p.c. of 
a fatty oil resembling almond oU. This oil 
has a sp.gr. of 0-0204 at 15-6®, a pale-yellow colour, 
and a slight odour of almonds (Maben, Pharm. J. 
Trans. [3] 10, 797). More recent determinations 
give the following (Lieterich, Chem. Zentr. 1902; 
2 [15], 943) : sp.gr. «t 15°a 0-915-0 921, at 90®, 
0-9010-0-9015 ; solidifying point. —14® to —20®; 
saponification value, 193-1-215-1 ; iodine value 
(liubl), 100-108-7 ; refractomctcr value at 25®, 
66-6-67-0 ; at 40®, 68-0 ; at 50®, 62-25. H can be 
distinguished from almond oil by Biber’s reagent 
(fuming nitric acid, sulphuric acid and water), 
with wmich it gives a rci] colour, wliile almond 
oil only yields a faint yellow. 

The flavour of apricots can bo imitated by 
a mixture of isoamyl butyrate and i^oamyl 
alcohol. 

Dried apricots arc prepared either by sun- 
drying or by artificial heat, sulphur dioxide 
being often employed in the latter case, in order 
to prevent darkening in colour. They are largely 
used in America and in sotno of the colonies. 
American analyses show them to contain about 
32 p.c. of water, 63 p.c. of carbohydrates, 2*9 p.c. 
of nitrogenous matter, and 1-4 p.c. of ash. 

H. L 

APRICOT; ESSENCE OF. A mixture of 
woamyl butyrate and i6'cjamyl alcohol. 

APRICOT KERNEL OIL v. Ai-rk ot. 

APYRON. Trade name for lithium acetyl- 
salicylate. 

AQUA FOPTISy. NirwcAnn. 

AQUA REGIA. Nitromurmiic acid ; Kdnigs- 
wasser. A name given by the alchemists to 
a mixture of mtnc and " liydrochloric acids, 
originally prejiared by dissolving sal ammoniac 
in strong nitric acid, and used by them as a 
solvent for gold, sulphur, &c. Usually made 
by mixing 1 vol. of nitric acid with 4 vols. of 
hydrochloric acid. The mixture is at first 
colourless, but gradually — especially on heating 
— acquires a deep orange-yellow colour, due to 
the formation of nitrosyl chloride and free 
chlorine : HN()3+3HCl-NOCl+Cl2+2HaO. 

The solvent action of aqua regia appears to be 
mainly due to the free chlorine. 

AqUA vitae. An alchemiatic name used to 
denote common alohol as obtained by distilling 
a liquid which has undergone vinous fermenta- 
tion. 

ARABIC GUM i;. Gums. 

ARABINOSE v. Caebohydrates. 

ARACHIDIC ACID CHgCCHalisCOOH is 
found partly free and partly as a glyceride in 
earth-nut oil (from Arachis hyp.gcea (Linn.)) ; in 
butter, and in the fruit of Nepheliurn lappaceum 
(Heintz. Pogg. 90, 146 ; Grossmann, Annalen, 
89, 1 ; Oudemans, Zeits. f. Chem. 1867, 266). It 
has been prepared by treating behonolic acid 
CjiHioOj with fuming nitric acid (Grossmann, 
Ber. 1893, 644), and synthetically from aceto- 
aoetic ester and octodecyl iodide (Schweizer. 
Arch. Pharra. 1884, 763) ; m.p. 77° (Baezewski, 
Monatsh. 17, 630). Solubility in 90 p.c. 


alcohol, 0'022 p.o. at 15®, and 0‘045 p.o. 
at 20®., 

The methyl ester melts at 54'6®, and the 
ethyl ester at 60®, and boils at 284®-280° under 
100 m.m. pressure. 

ARACHINE C 5 H, 40 N„ an alkaloid occurring 
with choline and betaine in earth-iAit (ground- 
nut, monkey-nut) meal {Arachis hypogea (Linn.)). 
Syrup ; the aurichloride and platinichloride are 
crystalline. Produces somnolence in frogs and 
rabbits (Moosor, Landw. Versuch-Stat, 1904, 00, 
321). 

ARACHIS OIL IS obtained from the seeds of 
Arachis hypogan (Tiinn.), which are known in 
commerce as earth nuts, pea nuts, or monkey 
nuts. The cultivation of the arachis plant datM 
back so far in history that its origin is unknown. 
It 18 frequently assumed that the home of the 
arachis nut is Brazil. The plant is chiefly 
cultivated m the East Indies, Indo-China, Java, 
Japan, the West Coast of Africa, Mozambique, 
Madagascar, Egyjjt, Spain, Sicily, the United 
States of America, the Argentine, and in the 
West Indian Islands. The East Indian and 
West African nuts represent two distinct 
varieties. In commerce a distinction is made 
between decorticated and non-decorticated nuts. 
The Indian and Mozambique nuts are usually 
decorticated before they are shipped to Europe ; 
as they undergo some detrimental changes on 
the voyage, they cannot be used for the produc- 
tion of best edible oil, and are mostly worked 
up for soap oil. The nuts coming from West 
Africa mostly arrive non-decorticated, and are 
therefore suitable for the preparation of best 
edible oil, the lower qualities only, derived from 
a second and third expression (see below) being 
used for technical purposes. The approximate 
composition of arachis nut, taking tee average 
of nuts from various places of origin, is as 
follows : oil, 38-60 p.c. ; water, 4-6-12 ’8 p.c.^ 
albuminoids, 26-31 p.c. ; carbohydrates, 6-19 
p.c. ; fibre, 1‘1-4T p.c. ; ash, l-6-3*0 p.c. 

The undecorticated nuts are shdled by . 
special machinery and the inner red skin which 
surrounds the kernel is remoi*cd as completely as 
possible by a blast of air. The separated and 
cleaned kernels are then ground in the usual 
manner and subjected to hydraulic pressure. 
As thip kernels contain so higli a proportion of 
oil, the expression of the oil is carried out in 
two stages ; frequently the meal is even ex- 
pressed three times. The first expression 
takes place at the ordinary temperature, and 
yields the ‘ cold- drawn ’ oil ; the second ex- 
pression is carried out at a temperature of 30®- 
32® ; and the third expression at 60°-55®. 

The ‘ cold-drawn ’ oil is nearly colourless, 
and has a pleasant taste, recalUng that of 
kidney beans ; it is used as salad oil, and sold 
under the name ‘ huile surfine.’ The oil 
obtained by the next expression also serves for 
edible purposes, in the sardine and margarine 
industries, or for burning ; the lowest quality, 
which has been expressed at the highest tempera- 
ture, is chiefly used for soap-making. 

The arachis cakes sqrve as an excellent 
cattle food, for they contain the highest amount 
of proteins of all known oil cakes ; Moreover, 
these proteins are more easily digested than 
those of other cakes. 

Their average composition is ; water, 11*6 ; 
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fat, 8-8; cellulose, &c., 31*1; ash. 7-25; 
proteins, 41-35 ; nitrogen, 0-8 p.c. (Schadler). 

On standing a few degrees above freezing- 
point, ‘ stearine ’ deposits from araohis od. 
This stearine contains arachin, which does not 
settle out as a crystalline mass, so that it cannot 
be removed^ the usual manner by expression. 
Hence it is necessary, in order to ‘ demargari- 
nat-e * arachia oil, to allow it to stand for a 
prolonged time in the cold, when ‘ margarine 
d’arachide ’ settles out, so that the supernatant 
clear oil can be drawn off. 

Amongst the solid fatty acids of arachis oil, 
arachidio acid and lignocerio acid have been 
identified. These two acids are characteristic 
of arachis oil, and as their proportion can be 
determined quantitatively, the separation and 
determination of ‘ierudc arachidic acid ’ (j.e. 
a «nixture of arachidio and lignoceric acids) 
furnishes an excellent moans of identitying 
arachis oil, and estimating its proportion in 
mixtures with other oils. Amongst the liquid 
fatty acids of arachis oil, oleic acid undoubtedly 

E renominates ; in addition to it linolic acid has 
een identified, but the presence of hypog.'cic 
acid is doubtful, the only oxidation compound 
obtained from the liquid, fatty acids being a 
sativio acid (Klimont and Mayer, Monatsh. 
Chem. 1913, 34, 1195). Stearic acid docs not 
appear to be present ; the fatty acid, m p. 08®, 
separated by Ilehnor and Mitchell (Analyst, 
1898, 21, 238), consisting of a mixture of 
lignocerio and arachidic acids (Klimont and 
Mayer, lx.). 

The sp.gr. of aracliis oil is usually about 
0*917-0-919 at 15°, but Sadtler (Amer, .1. Pharm. 
1897, 69, 490) obtained as low a value as 0-911 
with oil from African nuts, whilst the oils from 
Indian nuts have given values of 0*9223 to 
0*9256 (Crossley and Le Sueur, J. Soc, ('hem. 
Ihd., 1898, 17, 989). The usual limits for the 
iodine value lie between 87 and 100, but ex- 
tremes of 84*4 (Schnell) and 105 (Oliveri) are 
on record. For its detection and estimation, see 
Evers, Analyst, 1912, 37, 487. As the iodine 
value of arachis oil lies so near that of olive oil, 
adulteration of olive oil with arachis oil takes 
place on the largest scale ; indeed, very fre- 
quently arachis oil is entirely substituted for 
olive oil (as in the preparation of tinne^i sar- 
dines). 

It is also a common adulterant of castor oil 
when used as a lubricant for aeroplane motors. 
Its presence may be detected by the turbidity 
temperature of an alcoholic solution of the oil, 
pure castor oil solutions remaining clear below 
— 20°, whilst 1 p.c. of arachis oil causes the 
liquid to become turbid at a much higher 
temperature. Arachis oil itself is liable to be 
adulterated with sesame oil, which is added 
partly with the object of preventing solidifica- 
tion when the oil is exjiosed to a moderately 
low temperature. The addition may be de- 
tected by the Baudouin test (see Sesame 
Oil). 

Arachis oil is chiefly expressed in the South ! 
of Europe (Marseillea and Trieste) ; therefore 
the lower qualities of this oil enter largely into 
the oompwtioii of the soaps of South Europe. 
Thus, one of the most characteristic component 
of the Marseilles white soap is arachis oil. The 
quantity of arachis nuts imported into France 


during the year 1907 was : arachis nuts in 
shells, 163,241 tons ; decorticated arachis nuts, 
117,404 tons. The total quantity of arachis 
nuts produced in the world may be taken to 
amount to about 350,000 tons. In 1910, 
6,686,679 tons of oil seeds were imported into 
Marseilles, of which 34,800 tons were arachis 
nuts. Niixt to France, araciiis nuts are largely 
imported into 1'riesto, Holft, and m smaller 
quantities to (Jermany (about 25,000 tons), and 
to the United Sj.ates of America, The latter 
country produces about 50,000 tons per annum. 
3’he imports of arachis oil into Italy increased 
from 470 tons in 1908 to 5080 tons m 1910 
(Molmari). J. L. 

ARAGONITE. The orthorhombic form of 
calcium carbonate ((!a( ’().,), differing from the 
more common dimorphous form calcite {g.v.) in 
its greater density (sp.gr. 2*93), greater hardness 
(II. 3|), and in the absence of cleavage. It 
crystallises, together w,ith calcite, from aqueous 
.solutions containing carbon dioxide at tempera- 
tures above 18°, and the presence of various salts 
in the solution favours its growth In nature 
it is deposited by thermal springs, for instance, 
those of Carlsbad in Bohoiiiia, m the form of 
lea-likc concretions, this variety of the mineral 
)oing known a.s pisolite. Another variety, 
called flos-fein (flower of iron), is found as 
snow-%v^hito eoialloiflial forms in the iron mines 
of Ntvna. (Tvstals wtre first found embedded 
in red clay and gypsum m Aiagon, Spain ; and 
divergent groups of sjiear-like crystals have been 
found in an iron (hiematite) mine in west 
Cumberland. Fine groiqis of twinned prismatic 
crystals are mot with in the sulphur mines near 
Girgonti in Sicily, and in tlie cojiper mines at 
Herrengrund in Hungary. A variety containing 
about 5 p.c. of lead carbonate is called tarno- 
witzite from its occurixuico at Tarnowitz in 
Silesia. L. J. S. 

ARABIA BARK or Falsv PncMy Ash Bark, 
the bark of Araha spivosa (Ijinn.), contains a 
volatile oil, an amorplious bitter substance, 
(tannin), a grey acrid resin, and a glueoside to 
which the name arahin has been given (Lilly, 
Pharm. J. [3J 13, 305). By boiling araleui with 
dilute hydrochloric acid, araltrctin is obtained 
(Holden, Pharm. J. [3] 11, 210; Chem. Soc. 
Trans, 40, 106). 

ARAROBA POWDER v. Chry.sarobin. 

ARASINA GURGI. An impure gamboge 
from Camara, obtained probably from a species 
of Garcinia (Dymock, Pharm. J. [3] 7, 

451). 

AI(B0L ABREA resin is obtained from 
Canarium lazonicum*{Miei.), a tree belonging to 
the Bursoraceae, growing in the Philippines. 
The resin is greyish-yellow, soft, glutinous, 
and has a strong agreeable odour. It contains 
61 *29 parts of resin very soluble in alcohol ; 
25*00 parts of rc.sin sparingly soluble in alcohol ; 
6*25 essential oil ; 0*52 free acid ; 0*52 bitter 
extractive matter; 6*42 woody and earthy 
I impurities (Bonastre, Jour. Pharm. 10, 129). 
Baup has isolated four crystalline substances, 
Amy r in, Breidin, Brein, and Brydidine (Ann. 
Chim. Phys. [3J.31, 108). 

ARBUTIN V . Glucosidbs. 

ARCHIBROMIN. Trade name for mono- 
bromoiaovaleryl glyoolylurea. 
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ARCHIL or ORCHIL (OweiBe, Fr. ; OrseiUe, 
Ger. ; Oricdlo, It.) appears in commerce in three 
forms : (1) as a pasty matter called archil ; (2) 
as a mass of a drier character, named persts ; 
and (3) as a reddish powder called cudbear. It 
is obtained from various lichens of the genus 
Roccella, growing on tlie rocky coasts of the 
Azores, the Canaries and Cape de Verd Isles, also 
of the Cape of Good Hope, Madeira, Corsica, 
Sardinia, &c., and from Ochrolechia iartarea, 
growing in Sweden and Norway None of tliese 
lichens contains the colouring matters ready 
♦formed, but there are presont certain colourless 
acids of the type of tcanoric acid, derivatives 
of orcin, into wliich they can be readily con- 
verted. Thus, lecanoric acid (1) gives first 
orsellinic acid (2) and subsequently orcin (3) 
according to the following scheme : — 


CH^ 



Orcin itself, when acted upon by air and 
ammonia, changes into a purple substance called 
orcein, which is the name applied to the colouring 
matters of archil (Robiquet, Ann. Chim. Phys., 
[21 47, 238). 

Finely powdered orcin is placed in a thin 
layer under a bell jar, together with a beaker 
containing strong ammonia solution. As soon 
as the substance has become brown coloured, 
it is removed and exposed to air for some time. 
It is then dissolved in very dilute ammonia 
solution, reprecipitated with acetic acid, and 
dried. Accordinp to Gerhardt and Laurent, 
orcein has the composition C]4n7N06 (Ann. 
Chira. Phys., [3] 24, 315), but more recent re- 
searches indicate that it is a mixture of sub- 
stances. I-iebermann, for instance (Ber. 7, 
247 ; 8, 1049), considers that by this reaction 
three colouring matters are produced, having 
respectively the formulae (a) C, 4 H] 8 N 04 ; 

(6) CuHigNjOg; and (c) CuHisNaOs. 

Zulkowski and Peters (Monatsh. 11, 227) 
allowed orcin to remain in contact with am- 
monia for two months, and from the product 
isolated three substaiicos : — \ 

(а) Med orcein G 2 hHj 4 N,P 7 , the main pro- 
duct, which appears to be formed according to 
the following equation ; — 

4C7H80,-f2NH3-fGO-C2,H24N207-f7H.,0 

It is a brown crystalline powder, soluble in 
alcohol with a rod colour, and in alkaline solu- 
tions with a blue -violet tint. 

(б) A crystalline j How compound, 

Oa.Hi^NOs, 

which is accounted for as follows ; — 

3C7H80a+NH3+30-Ca,H,«NOc+4H,0 
Yol. 1.—T. 


(c) An amorphous product similar to litmus. 

Theso^substamces can be prepared much more 
rapidly by the addition of hydrogen peroxide 
to an ammoniacal solution of orcin. 

There can be no doubt that this reaction 
proceeds in several stages, and that the character 
of the product varies according to thd duration 
of the process. This is well Mown to manu- 
facturers, who can prepare at will a blue or a 
rod orchil. The constitution of these colouring 
matters has not yet been determined, but in 
view of the circumstances by which they aro 
produced, it is most probable that they are 
members either of the oxazine or oxazonc 
groups. 

Orchil was originally prepared from the 
lichens by means of stale urine, which supplied 
the necessary ammonia, but ammonia solution 
18 now exclusively employed . The older methods^ 
have, however, been greatly improved, and in the 
place of barrels the operation is carried out in 
large horizontal or vertical cylinders fitted with 
stirrers, and suitable openings for the admission 
of air. 

In such an apparatus the weed is digested 
with about three times its weight of ammonia 
solution at 60° for frpm three days to one week, 
the admission of air being regulated according 
to the judgment of the manufacturer. The first 
product 01 the reaction has a blue colour, and 
if the process bo stopped at tins point, there is 
formed the dyewarc known as (due orchil. On 
the other hand, if the action of the air and 
ammonia is allowed to proceed further, red orchil 
is obtained. These orchil pastes when dried 
and finely ground constitute the product known 
as cudljear. 

Bedford (1). R. P, 57612, 1889) blows air or 
oxygen through the ammoniacal piixture, which, 
especially in the latter case, materially shortens 
the proce8.s. The apparatus employed is erected 
vertically, and by an ingenious arrangement of 
projecting shelves, the edges of which are turned 
down, a considerable quantity of the air or 
oxygen is entrapped, and exerts therefore a more 
powerful oxidising effect. . 

Orchil liquor is preparcvl by extracting the 
lichens with boiling water, concentrating the 
extract to from 8“ to 10° Tw., and submitting 
this to the action of air and ammonia ; whereas 
archil extract is produced by the extraction of 
orchil paste itself. 

In former times archil and cudbear were 
frequently adulterated with magenta, certain 
azo colours, extracts of logwood, brazilwood, &c. ; 
but as tho importance of these dyestuffs has 
now very greatly diminished, such a contamina- 
tion is at the present time of rare occurrence. 

Archil and its preparations are substantive 
colouring matters, which dye well in a neutral 
bath, but have the useful property of behaving 
nearly as well under slightly acid or slightly 
alkaline conditions. Even colours of con- 
siderable intensity are produced from it without 
difficulty, but unfortunately these are not fast 
to light. Wool is dyisd in a neutral bath, or 
with addition of a trace of sulphuric acid, and 
silk is dyed in the presench of soap solution, 
acetic acid being sometimes added. Archil is 
not applied to cotton. 

Archil was at one time employed to a large 
■ extent for ‘ botton^ing ’ indigo, that is to say, 

2 6 
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the fabric was first dyed with archil and subse- 
quently with indigo. The reverse ^process, 
known as ‘ topping,’ lias again been considerably 
in vogue. Cudbear and archil are also used to a 
limit^ extent in conjunction witli other dye- 
stuffs for the production of compound shades. 
White whies are sometimes coloured with 
archil, but its presence can be detected by pre- 
cipitating with lead acetate and extracting with 
amyl alcoliol, when a red colour indicates the 
presence of archil or magenta. The addition 
of a little hydrochloric acid changes the colour 
to yellow ifo magenta be present, but does not 
alter it if archil is the adulterant (Haas, Zeitsch. 
anal. Chem. 20, 809; J. Soc. Chem. Ind. 
I, 119). 

A. G. P. 

ARCHIL REDS v. Azo. COLOUEINU MATTERS. 

ARCHIL SUBSTITUTES v. Azo- colouring 

MATTERS. 

ARCHIODIN. Trade name for monoiodo- 
Lwvalerylglyoolylurea. 

ARDENNITE. A mineral consisting of 
vanadio -silicate of aliimmiurn and manganese, 
H,oMn«AlsV.,Si,0,„ or H.oMnioAl.oVsSi.oO^s, 
containing 0'53 9'20 p.c. VgOf,. The vaimlium 
is partly replaced by arsenic (iiji to 9*33 p.c. 
AsgOg), and in tlicse varieties the colour is paler. 
It has as yet been found only at fSalm-('hateaux, 
near Ottrez, in the Pelgian Ardennes, where it 
occurs embedded in quartz veins in piiyllite.s or 
slaty schists. It forms yellow to brown aggie- 
gates of bladed or columnar crystals ; these are 
orthorhombic with a perfect cleavage parallel 
to the brachypinacoid, and good cleavages 
parallel to the unit prism. 8p.gr. 3*58-3*CG ; 
hardness, G-7. It is readily fusible with 
intumescence Uefore the blowpipe to a black 
glass ; and is not attacked by liydrochlorio and 
nitric acids, though slightly by sulphuric 
acid. 

L. J. S. 

ARECA NUT, Betel nut, is the si'od of the 
areca palm, Arcca Catechu, Lmn., a native of 
the Sunda Islands, cultivated in tropical India 
and the Philippines, It is often chewed in the 
Far East together with lime and the leaves of 
betel pepper, and is also used as a vermifuge 
In America and Europe it is used in veterinary 
practioe, against tape worm. Arecoline hydro- 
bromide, m.}). 1 70°, is employed for this purpose, 
and is official in the German Pharmacopoeia. 
The nuts contain six alkaloids, all more or less 
closely related; Arecoh7ie, C^1^1302N, the 
principal alkaloid (0*1 p.c.) is a strongly alkaline 
liquid, b.p 220°, and highly toxic {Meier, 
Biochera. Zeit. 1907, 2, 415). It is the methyl 
ester of Arrcnidme C^HnOgNjHjO, m.p. 222°- 
223°, which is iion-toxic and identical with 
A“-tetrahydronicotinio acid 
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synthesised by Wohl and Johnson (Ber. 1907, 
40, 4712). Uuvacine CeHyOgN, m.p. 271-272°, 
18 a lo ver homologqe in which the N-raethy! is 
replaced by hydrogen, is a tetrahydroisoniootinic 
acid (pi^bably A®) 





arecaine, m.p. 231®, is N-metbyl guvaoine,.and 
hence the last two are both crystalline solids 
of neutral reaction. Ouvacoline is guvacine 
methyl ether, b.p. 114713 mm., and an alkaline 
liquid which crystallises. For the constitution 
of these alkaloids, mostly discovered by Jahns 
(Ber. 1888, 21, 3404), for the properties of their 
salts and for earlier references, see Freudenberg 
(Ber. 1918, 51, 1G08), who thinks that perhaps 
only arecoline and guvacoline orcur as such in 
the nuts, and gho»vs that arecaine of Jahns 
is identical with arccnidme. Arecolidine, 
(7H,aO,N, m.p. 110°, isomeric with arecoline, 
occurs in minute quantity in the mother liquors 
of technical arecoline hydrobromide, and is 
probably 3 : 4-dimethoxy 1 -methyl, 1 : 2-di- 
hydropyridine (Emde, Apoth. Zeit. 1916, 30 
240). G. B. 

ARECAIINE, ARECADINE,ARECOUDINE, 
ARECOLINE v. Areca Nut. 

AREOMETER v.‘ Hydrometer, 

ARGAL V. Argol. 

ARGALDIN. A combination of albumin- 
silver and hexamethylenetetramine. 

ARGAN OIL. An oil obtained from the 
kernels of Argania Bideroxi/lon (Room, ot Schult) 
(ord. Sapotacea), growing in Morocco. The 
kernels are first roasted, ground to powder and 
miJfbd with waHir, when the oil separates 
(Pharra. J. [3] 10, 127). 

ARGENT AM IN. Trade name for ethylene- 
diamine silver nitrate. 

ARGENT AN v. Aluminium and Nickel. 

ARGENTINE. A name given by R. Kirwan 
in 1794 to a variety of calcite (CaCOs) occurring 
as small scales with a pearly white or silvery 
lustre. 

ARGENTINE. Finely divided spongy tin, 
made by reducing a weak solution of tin salt 
(120 grams in CO litres of water) by zinc. The 
tin is collected in a sieve, washed with water, 
and dried at a gentle heat. Used for tin-plating 
and also for prmting upon fabrics and paper 
(Deut. Ind. Zeit. 23, 255 ; J. Soc. Chem. Ind. 
7, 504). 

ARGENTITE. A mineral consisting of silver 
sulphide AggS, and occurring as cubic crystals 
or as compact masses. It is blackish lead-grey 
in colour, and perfectly sectile ; surfaces cut 
with a knife are bright and shining. Sp.gr. 7 '3. 
Containing 87*1 p.c. of silver, it is a valuable ore 
of the metal when met with in quantity, as in the 
Comstock lode in Nevada and in Mexico. 

^ L. J. S. 

ARGENTOL. A synthetic antisejitic, con- 
sisting of a compound of silver with quinosol, 
of the formula C 8 HfiN( 0 H)S 03 *Ag. Forms a 
yellowish powder, of a faint smell, sparingly 
soluble in water and alcoliol (Pharm. Zeit. 1897, 
42, 243). 

ARGENTORAT. Trade name for a flash- 
powder consisting of a mixture of potassium 
perchlorate and aluminium, used in photo- 
grap^'y : gives very little smoke {v. Flash - 
powders). ♦ 

ARGINASE. An enzyme occurring in the 
liver, also present in the kidney, the intestinal 
nuieous membrane, thymus, and other organa 
(Kossel and Dakin, Zeitsch. physiol. O&m. 
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1904, 41, 321). Clementi (Attl. R. Aooad. 
Linoei, 1914, [v.l 23, ii. 612, and ibid. 1916, 25, 1, 
366) finds it in the Iddney of mammals and in the 
liver of mammals, ampMbia and fishes, but not 
in that of birds or reptiles ; see also Edlbacher 
(Zeitsoh. physiol. Chem. 1915, 95, 81-87 ; ibid. 
1917, 100, 111); Shiga found it (Zeitseh. 
physiol. Chem. 1904, 42, 502) among the eiizymos 
obtained from yeast. It is also found in various 
plants (Kizel, Bull. Acad. Sci. Petrograd, 1915, 
1337-64). It can be extracted from the liver 
by water or dilute acetic acid, and is precipitated 
from solution by alcohol, ether, or ammonium 
sulphate. Arginase is a specific enzyme for the 
exdusive hyihrolysis of rf-arginine or of sub- 
stances containing the d-arginme grouping, 
which it converts almost quantitatively into 
carbamide and of-ornithine. For the detection 
of arginase, v. Clementi (Atti R. Accad. Lincei, 
1917, [v.] 26, i. 261). Creatine and other 
guanidine derivatives stnicturally similar to 
arginine, or guamdme itself, are incapable of 
hydrolysis by this enzyme (Dakin, J. Biol. Chem. 
1907, 3, 435 ; and Clementi (Atti R. Accad. 
Lincei. 1915, [v.J 24, i 4H3-489). 

The action of arginase on arginine may bo 
followed by titration of tlie arginine solution 
(in presence of formaldehyde) with N/5 sodium 
hydroxide solution, Clementi (Atti R. A^ead. 
Lincei, 1914, [v.] 23, Ii. 517-52.3); see also 
Sorensen (Biochem. Zeitseh. 1907, 7, 45-101). 

M. A. W. 

ARGININE a-aniino-d-gnanino- 

n-valeric acid NH • C(NHj)'NH'(C[l2)3’CH(NH2)‘ 
00 gH, first isolated by Schulze and Steiger 
(Ber. 1886, 19, 1177) from the etiolated germi- 
nated cotyledons of Lupinm, is the most widely 
distributed dissociation product of proteid 
matter, and can be obtained by hydrolysis of 
the proteid matter of seeds of Lupinus luteus, 
Cucurhita pepo, Picea excclsa, to the extent of 
10 p.c., Abies pcctiimia, Pinus sylvestns, and 
other conifers (Schulze, Ber. 1891, 24, 276; 
Zeitseh. physiol. Chem. 1890, 22, 411, 435 ; 1897, 
24, 270). Accordmg to Suzuki (Chem. Zeit. 
1899, 23, 658) the arginine obtained from the 
seeds of conifers exists already formed, but in 
loose combination with the proteid material, and 
is albv) produced synthetically in the plant from 
ammonium salts and nitrates, either m full or 
diffused daylight (Bull. Coll. Agr. Tokyo Imp. 
CJniv. 1900, 4, 25). It is found in a number of 
plants, generally in company with asparigine, 
1 ms often with glutamine, and also when neither 
is present (Stiegor. Zeitseh. physiol. Chem. 
1913, 86, 268; S< hulze, l.c. 81, 53). It is 
found in soil (Schreiner aftd Shorey, J. Biol. 
Chem. 1910, 8, 381 ; Schreiner, Lathrop, 
J. Amer. Chem. Soc. 34, 1242), and in the blood 
under normal conditions (Abderhalden, Zeitseh. 
physiol. Chem. 1913, 88, 478). For presence 
of arginine in hops, see Chapman (Chem. Soc. 
Trans. 1914, 106, 1899). According to Skinner 
(Bied. Zentr. 1913, 42, 213, from Proc. 8th 
Intemat. Congress Applied Chem. 1912) it is 
produced in soil as a primary cleavage product 
of proteids and can take the plaise of nitrate in 
the soil. Arginine is also one of IJie constituents 
of the product of hydrolysis of proteids of 
animal origin, thus, horn yields 2'26p.c. ; glue, 
2*60 p.c. ; oonglutin, 276 p.c. ; albumen from 
yolk of egg, 2*3 p.c. ; from white of egg, 


0-8 p.o. ; blood serum, 0*7 p.o. ; and 
casein, •0*25 p.o. (Hedin, Zeitsoh. physiol. 
Chem. 1894, 20, 186), whilst the protamines 
Salmine, Sturine. Clupeine^ ScornbrinSy Cyclopte- 
rinCf and Crenilahrine yield arginine as the 
chief product of hydrolysis (Kossel, Zeitseh. 
physiol, Chem. 1896, 22, 176; 1898, 26, 166; 
1899, 26, 688 ; 1904, 40. 566 ; 1910, 69, 138). 
In cases of phosphorus-poisoning arginine is 
found in the' urine (Wohlgemuth, Zeitsoh. 
physiol. Chem. 1905, 44, 74), whilst the 
amount obtained from the liver is diminished 
(Wakomau, Zeitseh, physiol. Chem. 1908, 44, 
336). 

The cleavage of arginine in plants and animals 
due to enzyme action is identical with that which 
occurs in putrefactive processes : ornithine and 
carbamide are produced (Vessel and Bakin, 
Zeitseh. physiol. Chem. 1904, 41, 321 ; 19(M, 
42, 181; Ackermann, ibid. 1908, 66, 305; 
Kicsol, ibid. 1912, 76, 170, 196.) 

When arginine is heated with barium 
hydroxide it is decomposed into ammonia, 
carbamide, and ornithine (g.u.) {ab-diarninovaleric 
acid) ; cyanamidc reacts with ornithine at the 
ordinary temperature to form arginine (Schulze 
and Wintcrstcin, Zeitseh. nhysiol. Chem. 1898, 
26, 1 ; Ber. 1899, 32, 3191), or with a-ben- 
zoylornithine to form the benzoyl derivative 
‘ of arginine, and this is readily hydrolysed to 
arginine, which is thus proved to be a-amino- 
^-guanino-n-valeric acid (Sorensen, Ber. 1910, 
43, 643 ; see also Zeitseh. physiol. Chem. 1911-12, 
76, 94). 

Arginine yields a copper compound 
Cu(C6Hu02N4)2 

Kober and Siigiura (J. Biol.* Chem, 1912-13, 
13, 6). 

Arginine crystallises in brilliant monoolinio 
plates (Haushofer, Zeitseh. physiol. Chem. 
1887, 11, 63); m.p. 207°-207-6'“ (Guiewitz, 
Zeitseh. physiol. Chem. 1899, 27, 178) ; it also 
crystallises with iHjO in rhymbohedra (Hedin, 
Zeitsoh. physiol. Chem. 1805, 21, 160) ; it dis- 
solves readily in water, and is sparingly soluble 
in alcohol. Arginine contains an asymmetric 
carbon atom, and the dextrorotatory form is 
the natural product, the hydrochloride has 
[a]D+12‘5° in aqueous or -l-25'5° in hydrochloric 
acid solution. Arginine is strongly alkaline, 
and its solution absorbs carbon dioxide from 
the air; it forms well-defined crystalline salto 
with acids, and compounds with certain metallic 
sails (Guiewitz, l.c.). The nitrate CeHj^OjN*, 
HNOjjiHjO has m.p. 126°; the dinitraie 
CflH,402N4,2HN03 has m.p. 151° ; the hydro- 
chloride CflHi^OaN^.HCbHjO melts and decom- 
poses at 209° when anhydrous ; the dl-auri- 
chloride C4 Hh 03N4,2HC1 ,AuC 13 .PIi ,0 has 
m.p. 106°- 1 15°; the d-arginine aurichloride 
CaHi4O2N4,2HAuCl4,ipi30 softens at 140® 
and molts at 160° (Weiss, Zeitseh. physiol. 
Chem. 1911, 72, 490) ; the silver nitrate com- 
pounds C6H,4()aN4,AgN0a,JH20 decomposes 
at 164°, and CoHu08N«*AgN08,HNO, melts 
and decomposes at 180° ; the cupiic nitrate 
compound 2C,iHi402N4,Cu(N08)2,3Hj0 melts 
at 112°-114° or- decomposes at 232°-234° 
when anhydrous; the copper sulphate com- 
pound melts at* 110° or decomposes when 
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anhydrous at 236®-238® ; the pkrate C6Hi40aN4, 
CA07N8,2Ha0, m.p. 205®, dissolves in 204-1 
parts of water at 16® ; the picrolonaie CeH,408N4, 
CioHgOjNj^jO, m.p. 231®, dissolves in 1124 
parts of water, or 2885 parts of alcohol at the 
ordinary t^jmperature (Schulze and Steiger, 
Ber. 1886, 19, 1177; Hedin, Zeitsch. physiol. 
Chem. 1894, 20, 186; Gulewit/., ihuL 1899, 27, 
178 ; Steudel, ibid. 1903, 37, 219 ; Bcisser, tbtd. 
1906, 49, 210). The aiiriehloride oi a tetra- 
methyl arginine 

G]oTl24G2N4AU2t'la 

prepared by Engeland and Kut, sober (Zeitsch. 
Iliol. 1912, 59, 415) crystallises in short needles 
which melt 173®-Uf>^ to a clear fluid. Three 
methyl groups are in the side chain and one in 
tl^e guanidine complex. 

Certain acyl derivatives and esters of argiiane 
have also been prepared, the dibenzoyl derivative 
CflH]802N4Bz2 crystallises in rhombic needles 
or prisms, m p. 217'5®-218® (Gulewitz, / r ), the 
^•naphthalenesnlphonic derivaiive C6H13O2N4. 
SOa'CioH; is a colourless i)Owder, m.p. 88® -89® 
(Reisscr, l.c.) ; duirginylargintne is i6ola.tod 
as the dipicrate Ci sH4^04Ni2(CfiH/)-N8)2,21l20, 
m.p. 207®, from the product obtamed by liydro- 
lysing pepsin extract with hydrogen fluoride ; 
arginymginine pi crate C , gH 3O7N j, 

2Hj(), m.p. 213®, is similarly obtained from 
gelatin (Hugouenq and Morel, Compt. rend. 
1909, 148, 230); arginine methyl c^ter hydro 
chloride has m.p. 195® (corn) with decomposi- 
tion, the picrate forms lemon-yellow crystals, 
which melt and decompose at 218° (corr.) ; 
and the nitrate melts at 189® (corr.) (Fischer 
and Suzuki, Sitzpngber. K. Akad. Wiss. Berlin, 
1904, 1333). 

( The presence of arginine assists the tryptic 
digestion of proteid matter and aids the emulsifi- 
cation of fats : this appears to be connected with 
its alkalinity, as sodium carbonate acts similarly 
(LawrofT, ileitsch. physiol. Chem. 1899, 28, 
303) When arginine (hydrochloride or car- 
bonate) is administered as a food, it suffers 
complete decomposition, and 37-77 p.c. of the 
■ nitrogen so given reappears as urea (Q’hompson, 
Zeitsch. physiol. Chem. 1905, 33, 106), and the 
amount of arginine in the various organs shows 
no increase (Orglmoistor, Beitr. Chem. Plvysiol. 
Path. 1905, 7, 27). Intravenous injection of 
arginine increases the creatine content of muscle 
(Thompson, X^roc. Physiol. Soc. ii.-iii. ; J. 
Physiol. 1917, 51 ; Jansen, Arch. N^erland. 
Physiol. 1, Gl^). Ackroyd and Hopluns (Bio- 
Chem. J. 1016, 10, 551-570) suggest that 
arginine plays a special part in purine meta- 
bolism in the animal body. Ringer, Frankel, 
Jonas (Bio-Chom. J, 1913, 14, 525 538), suggest 
that auccinio acid is an intermediate compound 
in the katabolism of arginine. 

Arginine gives the diacetyl reaction for 
proteids (Harden and Norris, J. i’hysiol. 1911, 
42, 333). 

Arginine is readily oxidised by hot calcium 
or barium permanganate yielding guanidine, 
7-guami>!hbutyric acid and succinic acid (Benech, 
Kutscher, Zeitsch. physiol. (!hem. 1901, 32, 278, 
413, and the estimation of the number of 
arginine groups in proteids , is based on this 


reaction (Orglmeister, Ic. ,* Kutscher and 
Zickgraf, Sitzungsber. K. Akad. Wiss. Berlin, 
1903, 28, 624), the guanidine thus obtained 
being isolated in the form of its sparingly soluble 
picrate, and cither weighed as such, or the 
nitrogen estimated in the usual way. Another 
method of isolating and estimating arginine 
is based on Siegfried’s carhamino-reaction of 
amino- acids (Zeitsch. physiol. Chem. 1906, 44, 
85 ; 40, 402 ; 1907, 60, 171 ; Ber. 1906, 39, 397), 
whereby the barium, strontium, or calcium salt 
of the correspouding carbamio acid is formed 
when carbon dioxide is passed into a solution 
of the amino- acid containing excess uf alkali 
earth hydroxide until the solution is neutral 
to phenolphthalein — 


RCH-NHj 

I +Ca(OH)2+CO, 

CO2H 

R-CH-NHOOax 

io,-- 


^Ca+TT„0 


The barium and strontium salts of these com- 
plex carbamic acids are much less readily 
soluble than the corresponding amino-acid, and 
afford a means of isolating the compounds 
(D. R. P. 188005, i]90G). In order to estimate 
the amino- acid, the filtrate containing the 
calcium salt of the carbamic acid is decomposed 
by heating with boiled -out water into calcium 
carbonate, and the amino acid ; the ratio COjrN 
is determined by weighing the. calcium carbonate 
thus precipital/od, and estimating the nitrogen 
in the filtrate by Kieldahl’s method (Zeitsch. 
physiol. Chem. 1908, 54, 423). 

Van Slyke (J. Biol. (Jliem. 1911, 10, 26) 
precipitates the arginin^* with phosphotungstio 
acid, decomposes the precipitate with barium 
chloride, and boils the filtrate gently with 60 p.c. 
potassium hydroxide for six hours ; basing his 
estimation of arginine on tlio fact that it loses 
half of its nitrogen, in the form of ammonia, 
when boiled with dilute alkali. 

Plimmer (Bio-Chem. J. 1916, 10, 115-119) 
decomposes tlie arginine with 20 p.c. alkali. 

Wechsler (Zeitsch, physiol. Chem. 1911, 73, 
138-43) dissolves the diied phosphotungstate 
precipitate in a mixture of acetone and water, 
and tnen deoomjioses it with barium hydroxide. 

For the quantitative estimation of arginine, 
in proteims, Jansen (Cliom. Weekblad, 1917, 14, 
126) uses arginase to decompose the arginine 
and the urea thus produced is converted into 
ammonium carbonate by urease. 

d^-Arginine is readily produced by the 
tryptic fermentation of fibrin, or by beating 
j J-arginine nitrate at 210°-220° for 16-20 
minut-es (Kutscher, Zeitsch. physiol. Chem. 
1901, 32, 476) or by heating d-argininein 50p.c. 

! sulphuric acid in sealed tubes at 160°-180® for 
33 hours (Reisfer, Zeitsch. physiol. Chem. 1906, 
49, 210) ; it decomposes at 210® (Cathcart, Proc. 
l^hvsioL Soc. 1906, 39) ; the nitrate C,Hi40gN4, 
HNO-, has m.p. 216® ; the dinitrate CgHi40,N4, 
2HNO3, m.p. 151® ; the cupric nitrate deriv^ive 
1 2CgHj402N4,Cii{N08)2,3H,0, m.p. 228®-229®; 
I the silver nitrate derivative (0,Hj40aN4,HN0.)a, 
•\gNO3, m.p. 170®-172® ; the pkrate Cjli40gN4 , 
' C,H,OtN„ m.p. 200®~201®, is sparingly soluble 
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lOOpaxU of water at 16® dissolve 0 22 part ; the 
picrdonate CeH, 402 N 4 ,CicHK 05 N 4 , m.p. 248® 
100 c.o. of water at 16° dissolve 0 03 grams of 
salt; the ^-mphthalew sulphonak C„Hj30aN4- 
has m.p. 86°-90° (Keisser, Z.c,). 
t- Arginine is formed by treating di-arginine 
carbonate with the expressed juice of calf’s 
liver, the ferment arginase present in the extract 
destroys the d-arginhie, and does not attack the 


Argon occurs in the atmo^here to the 
extent of 1'3 p.c. by weight (Leduo, Compt, 
rend. 123, 806) and 0-933 p.c. by volume 
(Schloesing, Compt. rend. 121, 604 ; . Moiasan, 
Compt. rend. 137, 600). It also occurs in a 
large number of mineral waters and thermal 
springs (Bouchard, Compt. rend. < 121, 392 ; 
Troost and Ouvrard, ibid. 121, 798; Moiasan, 
ibid. 136, 1278; Moureu, ibid. 135, 13.36; 142, 


lasvo- isomeride. With the exception of the | 1155)^ and in the volcanic gases of Mt. Pele'e 
difference in optical activity, the salts of i- i (Moissan, Compt. rend. 135, 1085); it is found, 

arginine are identical with those of the dextro- j moreover, in fire damp and in coal (Schloesing, 

isomeride, l-arginine hydrochloride has [o]^^ 1 Compt. rend. 123, 233). iWgon has also been 
/r> • 7 V Tiir K I observed, together with helium, in the gas 

— 20*51 (Reisser, lx.). M. A. W. , heating numerous minerals. 

ARGININE. This name ha.s also been given j Preparation. — {i.) By sparking air with 


to an alkaloid discovered by Quiioga (J. Pharrn. 
Chim. 1896, 16, 293) in a species of laurel (known 
by the natives as mraro-wii),growing in the east 
of the Argentine and west of Brazil. It forms 
prismatic crystals, soluble in cliloroform or 


oxygen, the method originally employed by 
Cavendish (v. supra). The* gas is preferably 
confined over mercury, and a small quantRy 
of potash introduced through a curved pipette. 
The sparks are passed between the ends of 


benzene, slightly solublo in ether, petroleum! platinum wires, fused through the ends 

spirit, or water. Its aqueous solutions,! U-shaped glass tubes. These tubes are filled 
acidified with hydrochlorie acid, give a white mercury, and serve to establish elec- 


ppt. with bromine water and a white p})t. 
with alkali soluble in excess. 'J’he bark and' 
cambium contain l-f'-l-O p.c., the wood 0-04- 
0-06 p.c. of the alkaloid. II. I. 

ARGOFERMENT. A trade name for a form 
of colloidal silver. 

ARGOL or ARGAL. {Tarire brut, Fr. ; 
Weinstein, Gcr ) Crude potaasium bitartrate, 
known as red uigol {Cremore di Vinaccia), or 
white argol {Cremore di Bt. Ariimo), according 
to whether it is deposited from the red or uiic 
white grape {v. Tabtaiuc acid). 

ARGON. Syra. A or Ar At. wt. and 
molec. wt. 39 -sk As long ago as 1785, Caven- 
dish (Phil. Trans. 76, 372) made experiments 
in order to determine whether the inert residue 
left after withdrawing oxygen, water, and 
carbon dioxide from air was homogeneous. 
He sparked a mixture of air and oxygen 
in presence of potash for the absorption of the 
acid produced, and removed the excess of 
oxygen by a solution of liver of sulphur. Only 
a small bubble of gas remained unabsorbed, 
and this did not dimmish in volume on further 
sparking with oxygen. Cavendish concluded 
‘ tlmt if there is any part of the ’ nitrogen ‘ of our 
atmosphere which differs from the rest, and 
camiot be reduced to nitrous acid, we may safely 
conclude that it is not more than part of 
the whole.’ , , , / 

Cavendish’s work was overlooked for more 
than a century, and attention was 


trical connection with the secondary terminals 
of a Ruhmkorff coil capable of giving a 6-inch 
spark through aic when worked by four lead 
accumulators. The sparjimg is usually con- 
tinued for several hours after contraction has 
ceased ; the excess of oxygon is then absorbed 
by phosphorus (Rayleigh and Ramsay, l.a. ; 
Rayleigh, Chem. Soo. rroo. 13, 181 ; Becker, 
Z. Elok. 9, 600). To save time, it is customary 
to prepare by method (ii.) a gas consisting 
mainly of argon, and to employ the method 
of sparking only to remove the last traces of 
active gases. 

(ii.) From ‘ atmospheric nitrogen,* the nitrogen 
being absorbed by a metal. .In their original 
investigation, Rayleigh and Ramsay separated 
argon from nitrogen by continuously circulating 
the mixture over red-hot magnesium shavings, 
whereby the nitrogen was absorbed, forming 
magnesium nitride (c/, Ramsay and Travers, 
Roy. Soc. Proc. 64, 183). This method is no 
longer used ; a dry mixture *>t pure lime (5 parts) 
and magnesium dust (3 parts), introduced by 
Maquenno, is employed instead, which, when 
! heated to redness, produces metallic calcium 
and absorbs nitrogen with great rapidity. By 
passing atmospheric nitrogen over this red-hot 
mixture, and leading the residual gas over 
metallic calcium heated to dull redness, complete 
absorption of the nitrogen is readily effected 
Rigaut, Compt. rend. 137, 773 ). 
-r 1 : lifliiiiTti ViRH nlftfi bftftn emnloved for 


than a century, anu aircnuon ^ lithium “has also been employed for 

to it .after tV a.scoyery, m IbM by Lord , 

Rayleigh (Roy. Soc.^ Pro«a 66, J40), that ^the v » 

(iii.) The readiest means of preparing argon 
in quantity consists in leading air slowly over 
a mixture of calcium carbide (90 p.c.) and 


density of ‘ atmosjiherm nitrogen ’ ^ was one 


half per cent, higher than that of nitrogen 
prepared by chemical means. This result gave 

^dum"obloride (10 p.c.) ‘‘^ted.W^M 
S‘S«»rried out ioiV by, Baydemh 'r 


investigations, carried out jointly by nayieign mixture navmg ;rr.r 

Md Ramsay (Phil. Trans. 18G, 187), led to the diminished pressure to toye off any volatile 
isolation of^a^new gaseous element The gas J matter.^ Botl^^^ 
which has a density of approximately 20, and | 
which constitutes nearly 1 p.c. by volume of the 
atmosphere, was called argon, owing its 
remarkable chemical inertness, ih virtue of which 
it can be readily separated from the accom- 
panying nitrogen. 


by the mixtuxC. The issuing gas is led over hot 
coppei oxide to burn ^ny hydrogen, hydro- 
carbons, and carbon monoxide present, and the 
water vapour and carbon dioxide removed. 
Using 7 kUoB. of carbide, 11 litres of argon may 
be Stained in two days (Fischer and, Ringe, 
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Ber. 41, 2017). The cyanaraide process is used 
in America as a means of producing argon in 
< 5 (^uantity. Nitrogen obtained from the* air bv 
the copper process is repeatedly passed through 
the cyanamide furnaces until concentrated 
argon remains. It is employed in the electric 
lamp industry, c/. Bodenstein and Wachenheim, 
(Ber. 1918, 61, 266). 

The gas prepared by the above methods 
contains traces of the other inert gases rimn, 
krypton, and xmon, from which it is separated 
by fractional condensation and evaporation 
(Ramsay and, Travers, Roy. Soc. Proc. 67, 329 ; 
Liveing and Dewar, Hoy. Soc. Proc. 68, 389). 
The total quantity of these gases present is, 
however, o^y 0-26 p.o., and 85 p.c. of this 
impurity is neon. 

The commercial! oxygen made from liquid 
aif contains about 3 p.c. of argon (01aiid(' ; 
Morey). The liquid mixture is then distilled ; 
the oxygen condenses and the argon jiasses on. 
There is obtained a gaseous mixture eoiitaining 
73-80 p.c. of argon and 1-2 p.c. of nitrogen ; the 
remainder being oxygen, which may be removed 
by combustion with hydrogen. 

Argon may be obtained by passing cooled 
compressed air downwards through a rectifying 
column and bath of boding oxygen at the base. 
The liquid air flows over to the higher part of tlic 
column, the interior of which consists of an inner 
chamber with draw-off cocks at dilferent levels. 
In this the mixture is separated into purer 

S en, and a rich argon mixtui'e, which can be 
for electric lamps (Eng. Pat. 101860, 191(5). 
Fonda and General Electric Co (U.S. Pat. 
1211126, 1917) produce a liquid with 94 p.c. 
oxygen and 4 p.c. argon, and fractionate it on 
the counter- current principle in such a manner 
that argon is removed at tlic top and oxygen at 
the bottom of the apparatus (Reports of the 
Progress of Appl. Chem. 1917, 11, 201). 

Argon is a colourless gas, conden.snig to a 
colourless liquid, boiling at 86 *9'^ abs. ( — 18(5 D- 
186'97760 mm.) (F. Fischer and Froboesc, Per. 
1911, 44, 92), at which temperature its density 
is 1 ’404(5 (Baly. and Domian, Chem. Soc. Trans. 
81, 914). A normal litre weighs 1 ’78376 at 0*-’, 
and 760 mm. (Schult/.e, Ann. Physik. 1915 [iv.], 
48, 269), ooollicient of dilatation ^--3669 10'' 
(8°-32®), Its m.p. is 83*4® abs. ( — 189*6®), its 
critical lemporature is 165’0® abs. (~-117'4°- 
122*44°) (Crommelin), and its critical pressure 
is 62*9 atmos. (Ramsay and Travers, Roy. iSoc. 
Proc. 67, 329). 

The vapour pressures of liquid argon arc 
represented by formula log p= 4 *85033— 
034*391T+3076‘9 09T*-1076464T^ For solid 
argon the observations are best expressed by 
the formula log p— A/T-f BT+D log T+E in 
which A= + 9034*32, B=-l*42112, (J-- 

1014*0378, and T)-- +633*0275. The molecular 
latent heat increases from 12*92 at —125*49® to 
24*01° at -140*80°, and 35*0O (cal.) at -183*06° 
(Crommelin, Proc. K. Akad. Wetensch. Amster- 
dam, 1913, 16, 477 ; 1914, 17, 276). 

Ai'gon is more soluble in water than mtrogeii, 
the absorption coefficient bemg 0*02661, at 1°, 
and faJl^pg regularly to 0*02667 at 50® 
(Estreioher, Zeitsch. phys. Chem. 31, 176) ; these 
figures may, however, he in error by 6 p.c. (v. 
Fox, Chem, News, 99, 250). The refractive 


index of the gas for sodium light at N.T.P. iQ 
1*0002837 (Burton, Roy. Soc. Proc. 1908, 80, 
390) ; its thermal conductivity is 0*00003894 
(Schwaize, Pogg. Ann. 11, (iv.) 303); and its 
molecular specific heat at constant volume 
is 2*977 cals. (Pier, Z. Elek. 15, 636; 
Heuse Ann. de Physik, 1919, 59, 86). Its 
coefficient of expansion is 0*003668 (Kuenen 
and Randall, Roy, Soc. Proc. 69, 60). Argon 
passes through rubber more quickly than 
nitrogen (Rayleigh, Phil. Mag, 49, (v.) 220) or 
carbon dioxide (Kistiakowski, J. Russ. Chem. 
Soc. 30, 576), and do(;s not j)a83 through heated 
platinum or palladium ; it is diamagnetic 
(Tanzler, Pogg. Ann. 24, (iv.) 931). ^For its 
rate of effusion, v. Donnan (Phil. Mag. 49, (v.) 
423).) 

Tho density of argon has been determined 
by several observers, with tho following results : 
(0—16); 19*940 (Rayleigh, Roy. Soc. Proc. 

59, 201), 19*941 (Ramsay, Phil Trans. 186, 238) ; 
19*945 (Fischer and ’’Jlahnel, Ber. 43, 1436). 
Argon IS a member of the group of inert gases, 
and up to tho prcHcnt all attem[)ts to combine 
it witli other elements have failed (Rayleigh and 
Ramsay, Is. ; but c/. Ckioke, Zeitsch. physikal, 
Ghem. 65, 537). 

Atomic and moUcuhr weight. The molecular 
weight, 39*88, follows from the density determi 
iiatic^is just cited ; Gut the atomic weight cannot 
be deterimiied in tlie usual manner, since argon 
forms no compounds with otlier elements. The 
ratio of the specilic heat at constant pressure 
to tho specific heat at constant volume is 1*644 
(Rayleigh and Ramsay, l.c.), and this result, 
from analogy with the* case of mercury vapour 
and by comparison with the ratio 1 *666 theoreti- 
cally required for a monatomic gas according 
to the kinetic theory, is regarded as proof that 
argon is monatomic. Its atomic weight is 
therefore 39*88, 39*91+0*01 (Leduo, Ann. Phy.s. 
1918, [ix.] 9, 6), coefficient of departure from 
Boyle’s Law 10*2, 10-® between 1 and 5 atmos. 
mol. vol. 0 999 at 0° and 700 mm. 

Speclram. This is extremely characteristic, 
and has been carefully examined by Crookes 
(Phil. Trans. 186, 243), Kayser (Chem. News, 
72, 99), Eder and Valonta (Monatsh. 16, 893 ; 17, 
50), and by Trowbridge and Richards (Phil, 
Mag. 43, (5) 77 ; Stahl (Zeitsch. wiss. Photo- 
chem. 1911, 9, 302) ; Stead (Proc. Camb, Phil. 
Soc. 1912, 16, 607). The most prominent linos 
are two in the red, having wave lengths of 
6965*6 and 7056*4, a yellow line (6038*4), two 
green lines (6610 and 4702), and a violet lino 
(4200). 

ARGONIN. Silvbr casein. 

ARGULAN. Trade name for the mercury 
compound of dimethylphenylpyrazolene sulpha- 
mine. 

ARGYRODITE. A sulpho-germaniate of 
silver, being the mineral in which the element 
germanium was discovered in 1886. It had, 
however, been mentioned by. A. Breithaupt in 
1823, under the name Plusinglanz. These 
occurrences in the Himmelsfiirst silver-mine 
at Freiberg, ^xony, show only botryoidal 
crusts with a minutely crystallised surface. 
Later, the mineral was found as distinct, though 
small, cubic crystals in Bolivia, analysis. of 
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which proved the formula to be AgsOeSg (S. L. 
Penfield, 1893 and 1894). More recently, cubic 
ctystals of larger size (3^6 cm. across; sp.gr. 

6 ’236) from Colquechaca, Bolivia, have oeen 
described and analysed (V. M. Goldschmidt, 
1908). At this locality the mineral appears to be 
not uncommon, and no doubt largo quantities 
of it have been smelted for silver. In external 
appearance it is not unlike argentito, but is less 
sectile than this. 

In the Bolivian mineral tlie germanium may 
be replaced isomorphously by tin, giving the 
species caiifieldite Ag^SnSg (Penfield, 1804). 
Intermediate member^ of this series, or stanni- 
ferous argyrodite, also occur (Prior and Spencer, 
1898). L. J. S. 

ARGYROL. Syn. for silver- vitellin. 

ARHEOL. Trade name for santabol. 

ARHOIN. Trade name for an addition 
roduct of diphenyl a mine and ethylthymyl-* 
enzoate. 

ARIBINE m p. 229" 

(anhydr ) is a orystallmo diacid ditcrtiary 
alkaloid from th('. bark of A)ar(ba rtibra, a 
Brazilian tree. TIk' bark is used for dying wool 
red (Reith and AV<diier, Annalen, 1801, 120, 274). 
Aribine is one of tlie very few solid alkaloids 
free from oxygen, and sublimes on careful 
heating. • • 

ARISTIMC ACID (',JI,,0;N, greenish- 
yellow needles, lU.o. 275" (decoinp,). Occurs 
with armtidimc. and ,v,H 13 O 7 N. and andohe 
acid (hr,Hn 07 N, in An.slolochta anjcidim 
(Griseb ) (Ilesse, Arch. Pharin. 180.'), 233, 
084). 

ARISTOCHIN or ARISTOQUININE. Trade 
name fordi-quinino earbonaieCU (0 0201123 ^ 2 ^^)- 

ARISTOL. ihthymol di- iodide used as an 
iodoform substitute. V. JonotoiiM. 

ARISTOLOCHINE 0 , 7 HnO 7 N (or 
C 32 H 23 O 13 N .2 ?), orange-yellow needles, decom- 
posing at 2 1 ( )ccura in Anstolwdnu ClnnaliUft 

(Linn.) and 4 roluuda (Linn.). It is a weakly 
acid base (Mold Arch. expt. Path. Phann. 1801, 
29, 282). According to Hesse (Arch. Pliarm. 
1896, 233, 084) aristolochmc is a homologue of 
aristdio acid (wcf’ under Aristinic aad). The 
alkaloid is highly toxic. G. B. 

ARJUN WAX e. Waxes. 

ARMENIAN BOLE v. Pigments. 

APNATTO 1’. Annatto. 

ARNICA y. Resins. 

ARNICA YELLOW V9 AZO- COLOURING 

MATTERS. 

ARNOTTO V. Annatto. 

AROMATIC VINEGAR v. Acetic acid. 

ARRACK. {Arack and Rack, Fr. ; Arrack : 
Rciahranntwem, Ger.) The term ‘ araq ’ or 
‘ arak ’ was applied by the Arabs to distilled 
spirits generally, but it is now usually restricted 
to the spirituous liquor obtained by distillation 
of the fermented juice of the coco-nut palm 
(toddy or palm wine), or from yice, or from a 
mixture of noth. Arrack is also made from the 
succulent flowers of the Bassia genus of trees 
and from other vegetable products, and is 


manufactured not only in the East, but also in 
the West Indies. 

Where rice is used, it is stooped in water 
in large vats and agitated cautiously (so as not to 
damage the grains, which would interfere with 
the subsequent fermentation) until about half 
the rice has begun to germinate, ^'ho water 
is then run off from below, and toddy or 
molasses or a mi.xturo of these is added to the 
rice. The whole is allowed to ferment, and the 
mixture is then distilled. 

This method, which is said to produce the 
he.st quality of arrack, obtains at Batavia and 
in .Tamaioa, but in India arrack is frequently 
made from toddy alone. 

The best qualities of arrack are agreeable 
to the taste and wholesome, which cannot bo 
said of the commoner kind made from rice 
alone, in some parts of India and China. Tills 
ha.s a somewhat nauscoiis odour and taste, 
duo to a volatile oil which distils from the rice,, 
and is narcotic and viny unwholesome. Its 
intoxicating effect is frequently increased by 
the addition of hemp loaves, poppy heads, 
stramonium juice, &c. 

A large amount of revi'iiue is obtamod from 
the manufacture of anack in Siam and Ceylon, 
and the latter expeits a considerable quantity 
to the United Kingdom, where it is used as a 
valuable ingredient in making punch. 

An imitation arrai'k is sometimes made by 
(lavouring rum with flowers of bi'iijamin or 
benzoic acid. • J. C. 

ARRHENAL. Disodium inethylarsinato. 
>SVe Arsi'Inicals, oroanio. 

ARROPE. Sherry boiled to a syrup used for 

colouring other wines, 

® • 

ARROWROOT. Tlio starch obtained from 
the rhizomes of Matania arundinacm, grown i» 
tlie West Indies. The starch prepared from 
other roots is often known locally as arrowroot ; 
c.f/. in Queensland, where the tubers of Canna 
eduU'i supply such a product. 

Th(‘ composition of the ri'ots of true arrow- 
root grown m Jamaica is : 

Pcxtriii Cnidfi Ellior 

Water Starch and sugar lllire extract Proteid Ash 
()3-4 27*8 2 1 3’9 0’2 10 0'9 

(Leuscher, Zeit. bfTentl. (Jhom. 1902, 8, 23.) 

Commercial arrowroot contains from 83 ’6 to 
86‘9 p.c. starch, 110 to 15 p.c, water, proteins 
from 0’4 to I ’4 p.c., with small quantities 
{ctrea 0’3 p.c.) of ash, cellulose, and fat. 

(For a series of analyses of arrowroots. 
Irom various sources, sec Ballard, Jour. Pharm* 
1003, 17, [10] 470.) H. I. 

ARSACETIN. The sodium salt of acetyl- 
p-aminophenyl arsenic acid — 

/OH 

CHa-CO-NH-CeHi-As^O 

\ONa 

{v. Arsenicals, Organic^. 

ARSACETIN-QUININE. A mixturg of 43 p.c. 
araacetin and 64 p.c. of quinine. 

ARSALYT. Biamethylaminotetra-aminoar- 
senobenzene. 
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ARSAMIN. Trade name for sodium arsani- 
late. Used in the treatment of sleeping sickness 
and other diseases of protozoal origin. 

ARSAN. Glidin preparation of silver, 

ARSANILIC ACID. p-Aminophcnylarsinic 
acid. 6’6e>ARSENiOALS, Oegankj. 

ARSENIC. {Arsenic, Fr. ; Arsenic, Arsen, 
Ger.) Schiverbenkohalt, FUegengift, N dpfehenko- 
bali Arsenicum. Regains AiM-nici. Symbol, 
As; at. wt..7d’9b. 

Occurrence. — Arsenic, in small quantities, is 
one of the >aiost widely distributed elements ; 
it is found in mineral and other waters, in sea- 
water and in sea- weeds, in coal smoke, in most 
pyretic minerals, and in a large number of ores. 

In England it occurs principally with a ore, 
and on the Continent m mispickel. Arsenic 
occurs native (usually associated with iron, 
cobalt, nickel, antimony, and silver) in crystal- 
line rocks and in the older schists, geneially in 
reniform and stalactitic masses, often mammil- 
lated ; it also occurs occasionally in rhombo- 
hedral crystals. At ZimeolT in Siberia, large 
masses are found ; it occurs m the silver-mines 
of Freiberg, Annabcrg, Marienberg, and Schnee- 
berg in Saxony ; at Joaehimsthal in Bohemia, 
Andreas berg m the Ilartz, Kapnik in Transyl- 
vania, Orai\utza in the Banat, Kongsberg in 
Norway, St. Marie-aux-Mines in AUiace, in 
Borneo, and in the United States. 

As arsenide it occurs combined \sith iron in 
two forms FeAsj and Fe 2 As 4 ; with nickel as 
Kupfernickel NiAs and NiAsj ; with cobalt as 
tin white cobalt, CoAs^. With antimony it 
occurs as arsenical antimony, at Brzibram in 
Bohemia ; with blende, antimony and spathic 
iron, at AUemont, at Schladming in Styria and 
Andreasberg in tlio Ilartz. 

Arsenic is generally present in native sulphur. 
^Combined with sulphur it occurs as realgar or 
ruby sulphur As.^S^ in Hungary, Saxony, 
Switzerland, and Uhina ; and as orpiment AsjSj 
in Hungary and the Kartz. 

With sulphur and iron it occurs as mispickel, 
^arsenical pyrites, 01 white mwudicFeSaFeAsj ; with 
sulphur and cobalt in cobalt glance CoSjUoAs^ ; 
in nickel glance NiS 2 NiAs 2 , and in a number 
of other ores, being obtained as a secondary 
producst in the roasting of tin and copper 
ores, copper nickel, arsenical fahl ores, smaltinc, 
coba/f and nickel glarice, &c. 

With oxygen, arsenic occurs as arsenolite or 
arsenite As^O,, usually as a crust on other 
arsenical minerals, being formed by their de- 
composition. With oxygen and cobalt, it fprms 
ccibalt bloom or arsenate of cobalt ; it also occurs 
as arsenates of iron, copper, and lead. 

Preparation. — Metallic arsenic is used only 
to a smell extent in commerce. It is usually 
prepared from native arsenic, arsenical iron, or 
mispickel, the latter being the only mineral 
used to any extent in England, I’ho mineral 
used is heated in earthenware retorts or tubes 
laid horizontally in a long furnace. Great care 
is required in manufacturing the retorts ; a 
mixture of 1 part fresh clay and 2 parts bricks 
or old retjprts powdered, is made into the proper 
form, obated with a mixture of blood, loam, 
forge-sooles and alum to produce the glaze, and 
burned. They are very strong and heat-resist- 


ing, and quite impervious to the vapour of 
arsenic. A piece of thin iron sheet is roflod and 
inserted into the mouth of the retort, and an 
earthen receiver luted on. On distilling, most 
of the arsenic condenses in the iron as a nearly 
white, coherent, internally crystalline mass, and 
is detached on cooling by unrolling the iron. 

If required, the arsenic is purified by redistilla- 
tion. 

At Altenberg in Silesia, arsenious oxide is 
heated with charcoal in an earthen crucible 
covered with an inverted crucible or conical iron 
cap. This method is more economical and pro- 
ductive than the one above described, but the 
metal is grey and pulverulent, and always con- 
tains arsenious acid. 

It may also bo prepared by heating the 
sulphides with charcoal and sodium carbonate 
or potassium cyanide. 

Properties . — Arsenic is a very brittle steel- 
grey metalline mass* of sp.gr. 6‘62 to 5*96, of 
brilliant lustre, crystallising in rhombohedra, 
isomorphous with metallic antimony. It is a 
good conductor of electricity, and is odourless 
and tasteless. 

It IS volatile at temperatures above 100°, and 
IS rapidly vaporised at a dull-red heat. At the 
ordinary pressure it volatilises without previous 
fusion, the vapou^, being yellow and of a garlic 
smell, but when heated under pressure it melts 
' at 850°(dbl0°) (817°, Gouban, Compt. rend. 
1914, 158, 121 ; 852° Heike, Intern. Zoitsch. 
Metallographie, 1914, 0, 49). Joubert states 
that above 200° its vapour is pliosphorescent 
(Compt. rend. 78, 1853). 

When the vapour is condensed at a tempera- - 
ture but little below the volatilising point, i.e. 
when condensed in an atmosphere of arsenic, a 
nearly white compact mass of strongly metallic 
lustre is produced which scarcely oxidises in the 
air even when heated to 80°. When it is de- 
posited on a coldeB. surface or in an atmosphere 
other than arsenic, it forms less dense, dark -grey 
crystals which readily oxidise in the air oven in 
the cold, and especially on heating. 

Ludwig (Arch. I’harm. [2] 97, 23) has 
obtamed arsenic (?) with a perfectly bright sur- 
face resemblmg freshly granulated zinc, and of 
the low density 5 '395, by distilling in a tube with 
a small quantity of iodine. 

I Bettendorf (Aimalen, 144, 110) has obtained 
a specular, amorphous, vitreous arsenic of sp.gr. 
4'b9-4'716 by sublmung arsenic in a stream of 
hydrogen and condensmg it at 2l0°-220°. At 
3()0° it is converted into the crystalline form 
with the evolution^ of considerable heat, and 
when heated suddenly it hisses and gives off 
vapour whilst transforming. 

There is a yellow form of arsenic of 
2-03 crystallising in the regular system. These 
various modifications are regarded as due to 
differences in molecular complexity, or as arising 
from the same quantity of matter distributed 
throughout a varying space (Kohlsohiitter, 
Frank and Elders, Annaleri, 1913, 400, 268 ; 
Uurrant, Chem. Soc. Trans. 1919, 134). Col- 
loidal arsenic is known and would appear to be 
soluble in carbbn disulphide. 

When heated in air it absorbs oxygen, burn- 
ing with a bluish flame and forming axsenious 
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oxide. In pure water it is unaltered, but when 
exposed to air it forms a grey powder supposed 
by some to be a suboxide, but probably a mixture 
01 metallic arsenic and arsenious oxide ; this 
powder is sold as ‘ fly-powder.’ When powdered 
and thrown into chlorine, it ignites, forming the 
trichloride ; with the aid of heat it combines with 
bromine, iodine, and sulphur. Hydrouhloric 
acid has but little action on arsenic, but it is 
rapidly dissolved by nitric acid, aqua regia, or 
by a mixture of hydrochloric acid and potassium 
emorate. 

When deflagrated with nitre it forms potas- 
sium arsenate. 

Arsenic is a constituent of many alloys ; it 
is used for bronzing brass and for the manufac- 
ture of opal glass. 

(For the distribution of arsenic in commercial 
products, V. Arsemous oxide.) 

Detection. — Arsenical compounds, when 
heated on charcoal, give *ofi tlic characteristic 
garlic odour and white fumes of the oxide, with 
a white inci'ustatioii on the charcoal some dis- 
tance from the assay. Metallic arsenic, and 
many arsenical minerals, such as raispickel, when 
heated in a tube closed at one end, form a 
blackish, sliming metallic ring on the cooler 
portion of the tube ; if heated in a tube open 
at both ends, the arsenic is^oxidised, and^con- 
denses in a ring of white octahedral crystals, 
their shape being plainly visible under a hms. 
On cutting ofl! the closed end of the tube con- 
taining the metallic mirror, and heating, it is 
also converted into the wliu-c ring higher up 
the tube. The white crystals dissolve in boiling 
water, and the solution shows the usual testa 
for arsenic. Antimony under like circumstances I 
would produce a white ring, which, however, is ' 
not crystalline, and is not soluble in water. 
Oxides of arsetuo require to be mixed with 
charcoal before tluiy produce the black mirror. 
Sulphides reijuiro the addition of alkaline car- 
bonate or potas^nitn cyanide, or they may be 
heated with bar>'ta alone (Brame). 

White arsenic whim heated with about 3 
parts of sodium acetate, gives the ofiensive smell 
of kakodyl. 

In solution the reactions of the two series of 
compounds, the arsemous and tne arsenic, differ 
considerably ; generally speaking, arsenic com- 
pounds may bo converted into the arsenious 
form by boating with sulphurous acid or with 
a sulphite. 

Beinsch’s test. If a piece of clean metallic 
copper is immersed in a solution of arsenious 
acid or an arsenious compoiind acidulated wdth 
pure hydrochloric acol, it is coated with a grey 
film, which is probably an arsenide of copi)er. 
The action proceeds better at the boiling tem- 
perature. The acid must first be tested in the 
same manner to ensure the absence of arsenic, 
which is always present in the commercial acid. 
The metal is washed, dried gently and heated 
in a tube, w'hen the arsenic becomes oxidised 
and forms a crystalhnc ring on the colder part of 
the tube. A film due to antimony, as mentioned 
before, would not produce a crystalline nng. 

This method is used intestihg for and re- 
moving arsenic from hydrochloric acid, and m 
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toxicology; by it 1 part of arsenic can be 
detected in 260,000 parts of solution. 

It is* not so delicate as Marsh’s or the electro- 
lytic method. 

When hydrogen is generated in a liquid con- 
taining an arsenious compound, the arsenic 
combines with it and passes off as the gaseous 
hydride ; many very delicate tests are based on 
this reaction. 

( 1) FleUmann's test. I’lio solution is mixed 
with excess of cau.stic potash, a piece of pure 
zinc, or of magimsium, or aluminium foil in- 
serted, and the solution heated. A'pieco of filter 
paper moistened w'ith silver nitrate is held over 
the mouth of the tube. In presence of arsenic, 
arseniurottod hydrogen is produced and reduces 
the silver on the paper for^ning a greyish or 
purplish colour. Antimony is not evolved in 
this test. Fleitniann’s test is therefore a reafly 
means of finding arsenic in presence of antimony ; 
it is not, however, so delicate as Reinsoh’s, 
Marsh’s, or the electrolytic method. Or instead 
of silver nitrate the paper (preferably Michallet 
drawing paper), cut into strips, may be soaked in 
a 1 p.c. solution of mercuric chloride and, 
after drying, exposed to the gas, when the 
arseniuretted hydrogen produces a stain. 

Quizeit test. For a convenient form of 
apparatus for making this test, adapted to works 
practice, see Hollins, Jour. Soc. (fliem, Ind, 1917, 
30, 670. 

(2) Harsh's test. This or lleinsch’s test is 
usually used in to.xi oology. The solution is 
acidulated with pure hydrochlonc acid and in- 
troduced into an apparatus in which hydrogen is 
generated by means of pure sulphuric acid and 
zinc. Arsenic hydride is formed and is passed 
through a narrow glass tube, which is heated at 
one spot by a lamp ; the arseniuretted hydrogen 
as it passes over the heated portion is decora-* 
posed with the precipitation of arsenic as a black 
ring. In testing for very small quantities of 
arsenic, the action should be continued for about 
an hour. A blank experiment should always be 
performed in the same maiAier to ensure the 
purity of the zinc and acid. It is essential not* 
only to obtain zinc and acid which arc free from 
traces of arsenic, but also to see that the zinc 
used is ‘ sensitive,’ and will permit all the arsenic 
in the solution to be evolved as arseniuretted 
hydrogen. The presence in the solution of 
certain metals — notably iron — is liable to retard, 
or entirely prevent, the evolution of arseniuretted 
hydrogen, (On the presence of arsenic in glass 
as a source of error in the detection of arsenic, 
V. W. Fresenius, Zeitseb. anal. Chem. 22, 397 ; 
Ber. 17, 2938.) Instead of heating the tube, the 
gas may be ignited at the mouth of the tube, and 
the flame caused to impinge on a cold surface of 
porcelain, or preferably of platinum foil. The 
arsenic film may bo distinguished from that 
produced by antimony as follows : — 

(1) The arsenic film is quickly evaporated, 
while that of antimony only slowly disappears. 
Helling (Das Idicroscop in der Toxicologie) re- 
commends that small spots be heated and the 
vapour received on a slip of glass, when, under 
the microscope, the octahedral crystals due to 
arsenic are visible. 
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(2) The arsenic film quickly dissolves in a ' 
freshly prepared solution of sodium hypo- I 
chlorite ; the antimony film is very slowly 
soluble. Old hypochlorite solutions contain 
chlorite which dissolves the antimony mirror. 

(3) The antimony film dissolves quickly in 
yellow amkionium sulphide, leaving an orange- 
yellow residue on evaporation ; the arsenic film 
dissolves very slowly. 

Magnesium may al8(j bo employed in place of 
zinc, and E. Davy and Al. Jandonsoh use an 
amalgam of 1 part sodium in 8 parts mercury, 
with or without acid. 

The presence of nitrates or nitric acid inter- 
feres with this test, and the acids used should 
be dilute. 

Bcttmdorfs A solution of stannous 

chloride in concentrated hydrochloric acid is 
nfixed in a test-tube with a solution of the 
substance in hydroclilonc acid, and heated to 
boiling, when a brown colouration indicates the 
presence of arsenic. 

For the detection of small quantities of 
arsenic in toxicology, Billeter (Delv, (!him. Acta, 
1918, 1, 475; Analyst, 1919, 51) recommends 
that the substance bo treated with nitric ‘and 
sulphuric acids to destroy organic matter, the 
sulphuric acid solution then distilled with the 
admtion of sodium chloride and potassium 
bromide, the distillate evaporatcnl with Iho 
addition of hypochlorous acid, and the residual 
solution tested m the Marsh apparatus 'J’he 
distillation part of the process is essential to 
ensure removal of heavy metals, particularly 
mercury, traces of which complcUdy mask the 
presence of relatively largo (juantities of .arsenic 
in the Marsh apparatus. The addition of 
hypochlorous acid during concentration of the 
hydrochloric acid solution preventst loss of 
^rsenic. 

(For the detection and estimation of aiseiiic 
by electrolytical methods, v. Ar6cnic m art. 
Analysis, jELKCTKo-niEMicAL.) 

Estimalion . — Arsenic is usually estimated 
as (1) magnesium pyro-arsenate ; (2) as arsenic 
sulphide ; (3) as metallic arsenic, 

(1) For this method it is necessary that 
the substance should be present as an arsenic 
compound. The conversion from the arsenious 
to tne^arsemc condition may be effected by 
heating with nitric acid (a. Estimation as 
sulphide) or hydrocliloric acid and potassium 
chlorate. 

The acid solution, which should occupy only 
a small bulk, is mixed with ‘ magnesia mixture ’ 
and rendered strongly alkaline with ammonia, 
After standing for 24 hours, the solution is 
filtered, the last portions of the precipitate, 
which consists of ammonium magnesium arsen- 
ate, being washed entirely on to the filter paper 
with a little of the filtrate (the volume of this 
filtrate should be noted roughly). The preci- 
pitate is then washed with a mixture of 1 part 
strong ammonia and 3 parts water, until only a 
slight opalescence is produced on the addition I 
of nitiio acid and silver nitrate to a few ilrops 
of the washings. It is then dried, detached as 
much {£s possible from the filter paper, and 
transferred to a weighed porcelain crucible, 
moisten^ with nitric acid, dned, and ignited, at 


first gently, and finally to bright redness, The 
paper is moistened with nitric acid, dried, and 
ignited on the lid, and the crucible and its 
contents weighed. The ignited residue consists 
of magnesium pyro-arsenate MgaASjO,, and 
contains 48-27 p.c. of arsenic. 

On account of the solubility of the ammonium 
magnesium arsenate, an addition should bo 
made to the weight obtained of 0-001 gram for 
each 16 o.c. of filtrate obtained, not counting the 
wuj'l lings. 

(2) The arsenic for this method should be 
in the arsenious form. If arsenic compounds 
are present, they are preferably reduced by 
passing a current of sulphurous acid through the 
liquid, the cxcc.ss of that gas being driven off by 
subsequent heating. Sulphuretted hydrogen is 
then passed through the liquid until thoroughly 
saturated, the liquid left to stand for some time, 
the excess of bul]>liurettcd hydrogen driven off 
by heating, and the iireci}iitated arsenious sul- 
jiiiide containing snljihur filtered off. The sul- 
phide is dissolved in ammonia, filtered if neces- 
sary, and the arsenic estimated in the solution 
by one of the throe following methods : — 

(a) 'J'he solution is ovajioratcd to dryness in 
a porcelain dish, then covered with an inverted 
funnel, and fuming nitric acid added. After the 
first violent action has ceased, the liquid is 
heated on a water j^bath until the whole of the 
sulphur has disappeared, and only a small bulk 
of liquid remains ; ‘ magnesia mixture ’ is then 
added, followed by excess of ammonia, and the 
process followed as already described. 

(5) The ainraoniacal solution is evaporated 
to (IrynoKS in a porcelain dLsh, and heated on a 
.sand-bath to drive off the whole of the free 
sulphur and carbonise any organic matter 
(which is frequently present in toxicological 
analysis) without volatilising any of the arsenious 
sulphide. The residue is again dissolved in 
ammonia, filtered if necessary, evaporated to 
dryness, and gentlv heated in a weighed porce- 
lain dish, and weighed as arsenious sulphide 
A^jSg (Mohr, Cheni. Toxicologic, 50). 

(r) I'lie arsenic in the solution may be 
(‘.sti mated by means of standard iodine solution 
(Champion and Pellet, Bull. Soc. chim. [2] 26, 
511). 

(3) For this method the arsenical mirror 
obtained by the Marsh -Berzelius method or the 
electrolytic method may bo estimated by com- 
parison with standard mirrors obtained under 
similar conditions to the estimation. Experience 
has shown that when in the preparation of stand- 
ard mirrors, the quantities of arsenic used differ 
by amounts such as 0-002 milligram, a series of 
mirrors can bo obtewiied showing differences in 
intensity which are sufficiently distinct and 
constant to be utilised for comparison. 

Separation from other metals . — Certain heavy 
metals, if present, would be precipitated with 
the arsenious suljihide bv means of sulphuretted 
hyilrogen. From the sulphides of lead, bismuth, 
&c., the arsenious sulphide can be dissolved by 
digestion in ammonium sulpWde. The solution 
w'ould also contain antimony and tin, if present. 
The separation of arsenio from these two metals 
may bo performed as follows : — 

From antimony. The mixed sulphides are 
oxidised with aqua regiUt as already described, 
and tartario aoid solution added, followed by 
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excess of ammonium chloride and ammonia. ] 
The latter should produce no opalescence. If a | 
precipitate is produced, a further quantity of j 
tartaric acid or ammonium chloride must be 
added. The solution is then precipitated by , 
‘ magnesia mixture,* and the estimation made 
as before described. 

From tin. A solution of oxalic acid is 
added to the solution in the proportion of 20 
grams of oxalic acid for each gram of tin sup- 
posed to be present. The solution should bo 
sufficiently strong for the acid to crystallise out 
on cooling. The liquid is heated to boiling and 
sulphuretted hydrogen passed through for 20 
minutes, The liquid is allowed to stand for 
about 30 minutes, and the arsenious sulphide 
filtered off. It is quite free from tin. 

Arsenious chloride in small quantities may be 
separated from other metals by distillation of the 
hydrochloric solution ('rhorpe, Chom. Soc. Trans. 
83, 971 ); in certain metals and alloys by 
distillation of the finely divided material with a 
suitable solution of ferric and calcium cldorides, 
acidified with hydrochloric acid (the mateiials 
used should be tested for arsenic). With a 
solution of zinc and cu])ric cldorides in hydro- 
chloric acid boiling at 108® both ‘arsenic and 
antimony may be separated from other metaLs ; 
the arsenic ism the distillate from 108 ® to 115 ®, 
the antimony in the distillatc^from 115 ® to 
(Gibb, J. Soc. Chom. Ind. xx. 3). 

For the estimation of arsenic in ores, Parnell 
recommends the following method : — A weighed 
quantity of the finely powdered ore is heated to 
about 200® in a slow current of chlorine gas, 
the volatilised arsenious chloride being absoroed 
in a solution of chlorine water. After evapora- 
tion of the excess of chlorine, the arsenic may 
be estimated by any ordinary method. Anti- 
mony, if present in the ore, would also volatilise 
with the arsenic. 

For technical purposes the following methods 
are largely used : — 

A weighed portion is partialiy decomposed 
with a minimum quantity of strong nitric acid, 
dried and fused with sodium peroxide or a mix- 
ture of sodium carbonate and nitre. The fused 
mass is extracted with water and filtered. The 
solution of alkaline arsenate is acidified with 
nitric acid and boiled to effect decomposition of 
either peroxide or nitrite ; it is next carefully 
neutralised and then acidified with acetic acitl, 
and the arsenic determined by titration with a 
standard solution of uranium acetate. Pearce 
recommends separation as silver arsenate from 
the aqueous extract after fusion ; the silver 
salt is dissolved in r1 date nitric acid and estimated 
by Volhard’s method. Witlf very poor ores to 
the solution in nitric acid a sufficient quantity of 
tartaric acid is added, and the arsenic s^arated 
as magnesium ammonium arsenate. For the 
estimation of arsenic in organic salts ignite with 
soffium peroxide, reduce with hydriodio acid 
and titrate with iodine and starch in presence 
of disodium hydrogen phosphate (Morgan, Chem. 
goo. Trans. 1909, 96. 1477). 

Alloys of arsenlo. 

Arsenic combines with most metals, in many 
oases in atomic proportions, the alloys being 
then known as arsenides. Many natural 
arsenides occur as minerals. 

^ Tlie aUoys may be prepared (1) by fusing 


the metals under » layer of borax, or in an 
atmosphere of some inert gas ; (2) by reducing the 
arsenite dr arsenate of the meW with potassium 
cyanide ; and (3) in some oases — as with gold, 
silver, and copper — by placing arsenic m a 
solution of a metallic swt. W. Spring (Ber. 16, 
324) has obtained crystalline alloys '#f arsenic 
with other metals by repeatedly compressing a 
mixture of the constituents at 6500 atmo- 

SplKTCS. 

When heated out of contact with air, arsenical 
alloys usually lose a portion of their arsenic ; 
heated in air the ai'senic is oxidised, a portion 
volatilising, and tlio remainder forming an 
arsenite or arsenate of the metal. When heated 
with nitre, arsenates are produced. (For a list 
of alloys of arsenic in atomic proportions, 
}»robably existing as arsenidef^ v. A. Doscamps, 
Compt. rciul. CHfs 1022 and 1065. ) Some ancient 
copfier spear-heads from C'yprus containoa 
1*348 p.c. arsenic, and a bronze figure of 
the Ptolemaic period from Egypt contained 
1*479 p.c. 

3’he presence of arsenic generally renders 
an alloy more brittle, more fusible, and brighter. 
Ill Pattinson’s process it tends to render the 
crystals smaller, arij^ thus lengthens the time 
required for draining. Its alloys with iron, zinc, 
and till are brittle ; with gold and silver, brittle, 
and grey ; and with leaci and antimony, hard, 
brittle, and fusible. The addition of from 3 to 6 
parts arsenic to 1000 lead (with occasionally a 
little copper) causes the small shot in falling 
down the tower to form spheres, instead of 
elongating, as they have otherwise a tendency 
to do. I’he arsenic is frequently added in the 

D ier proportions in the form of an alloy of 
and a 1 sonic knovm as ‘ temper ’ ; this is 
prepared by fusing together arsenious oxide and 
lead. By^eatmg a mixture of lead and arsenic 
to whiteness, Berihier obtained an alloy of , 
the formula Pb4A8, any excess of arsenic beyond 
that corresjioiiding to this formula being vola- 
tilised at that temperature. With copper it 
forms white, malleable, dense, and fusible alloys. 
Wlute copper contains abouU 10 p.c. arsenic. 
Arsenic is also used in speculum metal, and 
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is frequently present in common Britannia metal* 
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With potaasium and sodium arsenio forms 
alloys which evolve arseniuretted hydrogen when 
placed in water. With platinum it' forms a 
fusible alloy, and was formerly used to facilitate 
the working of that metal. It forms ah amalgam 
A 82 Hg 8 (Dumesnil, Compt. rend. 1911, 152, 
868 ). 

Arsenic trihydride. ArseMdted or arseni- 

nretted hydroffeu. Arsine. AsHg. This gas is 
formed , whenever hydrogen is liberated in a 
solution containing arsonious acid or an arsenite, 
as when zinc is intrpduced into an acid solution 
of the substance. It is a colourless, neutral, 
disagreeably smollmg gas, slightly soluble in 
water, and highly poisonous, oven when much 
diluted. At a red heat it decomposes into 
arsenic and hydrogen. 

It can be condensed to a liquid, and forms a 
hydrate AsHg.OHgO (De Forcrand). 

It is evolved in the bronzing of brass with 
arsenic, in tinning sheet iron and fivquently in 
the desilverisation of lead with zinc and subse- 
quent heating of the argentiferous zinc with 
acid. It is a very powerful leducmg agent, 
precipitating silver, gold, and other metals from 
their solutions. Methods for the qudintita- 
tive estimation of arsenic are based on this 
property. 

A solid h 3 ’dride of arsenic HjAsg is formed 
by the action of an electric discharge on the 
trihydnde m an ozoniser, or by the decomposi- 
tion of sodium arsenide; or, mixed with 
arsenic, by the action of the tri hydride on 
solid alkali hydroxide followed by the addition of 
water ; 

(1) AsH,+3K0H=K8As-f3H20 

(2) 2KgA8+.6H80=A82H2+6K0H-f2H, 

« (Reckleben and Scheiber, Zeitsch. anorg. Chem. 
•1911, 70, 266). ^ 

Anenious oxide. Arsenious acid. White 
arsenic. Flowers of arsenic ; commonly known 
as ^arsenic.' As^Oe- 

PrejKtration . — In Cornwall, Devon, and at 
Swansea, arsenious oxide is principally prmiared 
by roasting mispickel, which occurs mixed with 
iron and copper pyrites, tin ore, wolfram, blende, 
galena, &o. These ores, if present in sufficient 
quantity, are separated as far as possible before 
roasting ; tinstone by washing the finely 
owdered ore, and the other minerals by 
and. Arsenious oxide is also largely prepared 
by roasting arsenical silver at Andreasberg, 
and ftom arsenical ores of nickel and co- 
balt. 

In ores from which arsenic is produced 
os a principal product, the arsenical pyrites 
generally occur to the amount of about 12 
p.o. 

The ores arc usually roasted in a reverbera- 
I'lmS’Ce. In a common form, the furnace 
bed is flat, 12-16 feet long and 7-9 feet wide 
in the middle ; the arch is about 2 feet above 
the bed, and sinks .gradually towards the flue, 
at which end there is an iron door, tln:ough 
which the ore is raked (Fig. 1). 

From 8-16 owt. of the stamped dried ore is 
introduced through a hopper over the centre of 


the fire-bridge and spread over the furnace bed. 
The heat is raised to dull redness and the ore 
is frequently stirred to ensure thorough oxida- 
tion of the arsenic and sulphur. In about 10 
hours these have been expelled as oxides, and 
the arsenious oxide together with some of the 
sulphur collects in the flues. The spent ore 
is removed through an aperture in the bed, 
which is closed with an iron door during calci- 
nation. 

Two such furnaces are sometimes built side 
by side, separated by a wall, and with their flues 
uniting. The furnace beds slope gently towards 
a narrow fireplace. In the first instance 
the ore is introduced through a number of 
doors on each side of the furnace. As the ore 
is worked downwards its place is constantly 
supplied by fresh ore through an opening in the 
roof. 

Brunton's Calctner is much used in Cornwall. 
It is practically a reverberatory furnace with a 
revolving bed. I’he' bed is of firebrick resting 
on a cast-iron table, and is higher at the centre 
than at the perijihery. It is usually 8 or 10 feet 
in diameter ; it revolves tliree or four times in 
an hour by steam or water power, about half- 
horse powef being required. There are two 
furnaces on opposite sides of the bed. 

The dried and finely stamped ore is intro - 
duofd through a ^lopper over the centre of the 
bed. Above the bed are fixed radially three cast- 
iron frames in which are fastened a number of 
equidistant iron scrapers shaped like the coulter 
of a plough and placed obliquely, so that, as the 
bed revolves, they turn the ore over and outwards 
towards the periphery of the bed. It is thus 
thoroughly roasted, and, on reaching the edge, 
falls into the chamber beneath. 

Oxland and Hoching^a Patent Calciner 
(English Pat. 1868, 2960) is largely used, espe- 
cially for ‘ rank * ores (Figs. 2 and 3). It consists 
of a wrought-iron cylinder, which, if 32 feet in 
length, is lined with sufficient firebrick to leave 
4 feet clear internal diameter. Four longi- 
tudinal ribs of firebrick occur within the furnace, 
leaving sufficient space at the upper end for the 
continuous supply of the ore. The cylinder is 
generally mounted in an inclined position, the 
slope being usually ^ to 1 inch per foot, and is 
turned by means of a turbine or water-wheel 
once in 8 or 10 minutes upon friction- wheels.^ 

The dried, finely powdered ore is introduce 
through an archimedean screw, or from a hopper 
at the upper end, and in the revolution of the 
tu})e becomes lifted to a certain height by the 
ribs of firebrick, and falls in a ^e stream 
through the hot blast. In a few revolutions the 
ore is completely oxidised, the arsenio burning 
off first, and finally reaches the lower end of the 
tube, where it falls through a chamber beneath. 
A calciner of the above size will roast 6 to 7 
tons of ore in 24 hours. In this furnace the 
amount of air required is minimised, thus render- 
, ing the condensation less difficult. The amount 
of fuel used is also small (v. further, Henderson, 
Proc. Roy. Inst. Mech. Engineers, 1873). 

A mo^fication of this furnace was patented 
by R. & C. Oxland (Eng. Pat. 7286, 1886). It 
is so arrange^ that the products pass into the 
condensing chambers unmixed with oHier gases. 
At the lower end of the rotating tube is a cast- 
iron prolongation, heated externally by a grate 
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and a lystem of flues surrounding it. At tfle 
end of the prolongation is a door for removing 



the calcined products and a regulator for ad- 
mitting tlie required amount of air. 


The practice in the West of England is to 
use these, types of furnace for specific purnoses, 
the Oxland type for calcination of selected 
mispiokel ore, usually the size of gravel ; the 
Brunton and reverberatory type for the oalcina- 


/ 



Fig. 4. — Vertical Section op ‘Poison 
Tower.’ 


tion of concentrate produced in the washing of 
the tin ores. The small works favour the 
reverberatory furnace, and the large works the 
Brunton. More recently the Merton furnace 
has been installed by a few mines. It is an 
improved form of reverberate^ furnace with 



for transferring the material progressively from 
I one hearth to another. 


Roasting in muffle furnaces . — This process is 


used at Altenborg (Figs. 4, 5, and bl and at 
Boichenstein in Silesia (Figs. 7 and 8), where 
wood is cheap. 

The ore, reduced to a moderate size and 
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known as achleich, is introduced through an 
opening in the top in charges of about 10 cwt. 
and spread 2 or 3 inches thick on the floor of 
the muffle. It is 
first heated to red- 
ness, and ^hen more 
gently, with the 
muffle door open, 
to oxidise the mass 
thoroughly before 
sublimation. Tho 
operation is comple- 
ted in 11 or 12 hours. 

Condensatwn of 
the oxide. — The 
vapours passing off in the roast ing are carried 
through chambers so arranged that the gases 
come in contact Viih a very large condensing 


These chambers are cleared at intervale, 
some everv fortnight, those at Silesia once in 
two months. Two sots of chambers are fre- 



Transverse Section. 


Lonsitudlnal Section. 
Imo. 6 — Subliming Fuiinacl 



Fro. 7. 


surface passing through a series of chambers 
^fore escaping into the air. At the Devon (Ireat 
Consols and other large works, the chambers 



Fifl. 8 . — ReICHENSTEIN hURNAC’ES. 

are mada of thin brickwork covered witli iron 
plates to Assist the cooling of the gaseous oxide. 
The ores, before calcination, are dried over iron 
plates on the condensers. 


quently used, so that one set may be working 
while the other is being cleared. 

The oxide produced by all processes except 
that of the muffle is known as ‘ arsenical soot,’ 
and is impure, containing carbon and sulphur 
compounds ; when 8,o mixed it is of a dark-grey 
colour and requires to be resulilimcd. 

The condensing chambers connected with 
the muffles in Silesia are in a lofty building 
called tho * poison tower ’ [Gtftthilrme). The 
gases traverse, by a sinuous course, a scries of 
charabcr.s, depositing tho finest product in the 
lower ones, that in the upper chambers contain- 
ing sulphur. The chambers are cleared about 
eve^y 2 months, land contain about 26 tons 
of white arsenic poison flour,’ or Oiftmehl), 
Being comparatively pure, it does not usually 
require refining, but may be at once converted 
into arsenical glass. The workmen engaged in 
clearing the chambers arc clothed in leathern 
garments with glazed apertures for the eyes, 
and wear wet cloths over their mouths and 
noses to absorb the irritating fumes. It is 
stated at Salzburg that only ‘ arsenic-eaters ’ 
can perform this work coiitinuously. 

Refining or resuhlimniion . — For this purpose 
a reverberatory furnace is used, which is usually 
much shorter than that in which the calcination 
is performed. 'I’ho arsenical soot is charged 
from the top and paddled down through doors 
at the side, more being added as it sublimes. 
The fuel used is smokeless, usually a mixture 
of anthracite and coke. 

The sublimate is collected in chambers 
similar to those already described. It is white, 
glistening, and minutely crystalline. It is 
ground between millstones, and is thence fed 
I into kegs from a hopper through a leathern 
hose which fastens to the top of the cask and 
prevents any escape of the powder. 

Arsenic glass, or vitreous white arsenic, is 
prepared by volatilisation of the powder under 
slight pressure. F5r this purpose, at Swansea, 
a cast-iron pan is used 2 feet in diameter and 
surmounted by a bell 2 feet 6 inches high. The 
pan is heated to a cherry red, and about J owt. 
of refined white arsenic introduced through an 
opening in the top of the bell, which is then 
closed with a plug. In about 2 hours the whole 
has evaporated and condensed on the bell as a 
transparent glass ; more white arsenic is then * 
introduced and condensed, until after 24 hours 
the glass has reached a thickness of about 
1 inch. The later charges, owing to the oon- 
dcn.sing surface being hotter, require about twice 
as long to condense as the first. * 

At Silesia the subliming pots are deeper 
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Aod of greater capacity; they are surmounted 
by iron arums and conical caps, which condense 
the * glass ’ and open into condensing chambers. 
The temperature is carefully regulated. The 
arsenic glass produced amounts to about 92 p.c. 
of the ‘ flowers ’ used. 

Analyses of Arsenic Powder and Arsenic Glass, 

(1) Powder from Altenborg, from the con- 
denser ot a tin roasting furnace, near the 
furnace end (Lampadius). 

(2) I)o, from further end of condenser 
(Lampadius). 

(3) Do. from Oberschlema (Lampadius). 

(4) Arsenic glass from Andreasberg (Strong). 


(1) (2) (3) ( 4 ) 


Arsenious oxide 

90-1 

95 85 

94 31 

98-2 

Arsenious sulphide 

2 06 

0-32 

1 m 

— 

Bismuth . 

— 

— 

0'2fl 

— 

Sulphur . 

0‘73 

0-71 

0 50 

— 

Ore-dust 

6-6> 

2-06 

3 05 

— 

Antimonious oxide 

— 

— 

— 

1*68 


Properiie^s and uses of arsenions oxide . — 
White arsenic occurs in the amorphous or glassy 
form, and in two crystaUiiic inodilications ; 
(1) the octahedral or common form, of sp gr. 
3 ‘874 at 0°, and (2) in trimctnc ])risinia, oc('asion- 
ally found m bubliuiatcs ; tlij^s form is conv^^cd 
into the octahedral variety when heated or 
boiled in water. 

The amorphous form is transparent when 
first prepared, but becomes o])a(iuc when exposed 
to the air, especially when danij), dirnini.shing 
slightly in specific gravity and forming the 
crystalline oxide. The action commences at 
the outside, so that even after a considerable 
time a piece is frequently found \Mth a trans- 
parent nucleus. The vitreous form may bo kept 
ill a scaled gla.ss tube unchanged for yiairs. 

The vitreous lorm, according to Buchner, is 
soluble in 108 parts of cold water, whilst the 
opaque form re([iiu’os 355 parts; the solubility 
01 an ordinary piece is therefore doubtful, depend- 
ing on the amount of change it has undergone. 
It is very soluble in glycerol, and is stated by 
Jackson to form glyreryl ar senile (Chem. News, 
49, 268). 

On making a strong solution of the vitreous 
form in dilute hydrochloric acid by dissolving 
3 parts in a mixture of 12 hydrochloric acid 
and 4 water, and slowly cooling, it is depo.sitod 
in the octahedral form, each crystal as it falls 
producing a flash of light (H. Rose). If these 
crystals be redissolved or if the opaque form 
be used, no light is produced on crystallising, 
that phenomenon appearing to depend on the 
change of the amorphous into the crystalline 
form at the moment of crystallisation. 

At about 193® arseuious oxide softens and 
sublimes without fusion ; it fuses under pres- 
sure ; its vapour is colourless and odourless. 
It is acid to test papers, but does not appear to 
form true arsenioua acid on solution in water. 

Arsenious oxide is a powerful febrifuge, being 
sometimes efiicacious when quinine has failed. 
It is highly poisonous, 2 or 3 grains being a 
very dangerous dose. When u^ed habitually, 
however, comparatively large quantities may be 
taken with impunity. The inhabitants of Styria 
eat it under the name of ‘ bydrach,’ to increase 
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their endurance. Many authentic oases are 
recorded^ of 6 grains and upwards being taken 
without *ill effect. Arsenic-eaters are stated to 
be fresh complexioned, with a tendency to 
stoutness, to be long-lived, but to die suddenly. 
The workmen engaged in the manufacture of 
dyes where arsenic apid is used hav€ been ob- 
served to have this tendency to stoutness (v. 
Rosooe, Mem. of Lit. Phil. Soo. Manchester, 
1860). In cases of death from poisoning, the 
greater part of the arsenic appears to be con- 
tained in the liver and intestines ; of the bones, 
those ol the pelvis and neighbouring vertebrae 
appear to contain most, 

Ansonious oxide is adsorbed by ferric 
hydroxide under conditions which have been 
studied by Jjockemann and Lucius (Zeitsch. 
physikal. Chem. 1913, 83, •VSS). The total 
adsorption follows the formula E = )3 Ap, ip 
which E represents the mg. of iron hydroxide, 
A the number of mg. arsenic per 100 c.o., 
and j8 and p are constants, which differ for 
different temperatures. The total adsorption 
10 not materially influenced by the presence of 
sodium or ammonium salts. The piecipi- 
lation of arsenic by iron hydroxide is a 
usable process for -the purification of concen- 
trated salt solutions, and for the detection of 
small traces of arsenic in solutions or nitre 
fusions 

In manufactures, arsenious oxide is used ; 
in glass-making, to remove the colour produced 
by the lower oxides of iron ; in enamelling ; 
in calico-printing ; as a constituent of white 
fire in pyrotechny ; for the prevention of boiler 
incrustafeioris (40 parts white arsenic to 9 so- 
dium carbonate) ; in the manufacture of arsenic 
acid ; and of lly and rat poisons ; and in the 
manufacture of a large number of pigments, 
arsenic being tound m green, blue, pink, white, 
brown, and other colours. As a preservative , 
it is tlirowi into the holds of ships, to prevent 
vcgctahlo decomposition ; as a wash for walls 
in India, to prevent insect ravages ; to prevent 
smut in wheat ; and with sodium carbonate as 
a wash for sheep ; and in wrsenical soap, for 
preserving skins. 

Arsenious oxide is employed in the fixation of 
aniline colours, especially of aniline blue. It is 
used principally for preparing steam colours, 
either as a solution in glycerol containing 4 lbs. 
of the oxide to 1 gallon of glycerol, under the 
name ‘ arsenic aiul glyotTirio standard ’ ; or as 
sodium arsenito, dissolved in sodium carbonate 
'or borate. 

In medicine it is used as Fowler’s solution, 
which contains 4 grains of the oxide (in the 
form of sodium arsenite) in each ounce of fluid. 
In India it has been used as a cure for hydro- 
phobia and serpent poisoning. In veterinary 
surgery it is largely used as a tonic, to eradicate 
worm.^, .xiid for iinproviug the coats of horses. 

It occurs, either as an impurity or as an 
adulterant, in a large number of -commercial 
products. Besides the ordinary commercial 
compounds in which arsenic is expected to be 
present, it has been found in caustic soda, 
potassium chlorate, commercial glucose (Olouet 
and Ritter), and in wine free from# artificial 
colouring matter (traced to sulphuric acid used 
in purifying the casks). Dr. Tidy found about 
38 p.c. of arsenious oxide in some ‘ violet po\yder ’ 
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which had caused the death of at least two 
children (Lancet, Aug. 21, 1878). 

In the year 1900 occurred a serious epidemic 
of arsenic-poisoning due to contamination of 
beer tliroiigh the use of brewing sugars, glucose, 
or ‘ invert ’ sugar containing arsenic. The 
arsenic wKs introduced* Iw the use of higlily 
arsenical sulphuric acid m the production of 
the sugars. The total number of ])er 8 ons who 
suffered in consequence of the epiflemio was cer- 
tainly 6000, and probably considerably gi*eater. 
At least 70 deaths were attributed to the epidemic. 

Coal or ^coko used for malt drying always 
contains arsenic ; with an ordinary malt kiln 
part of the arsenic volatilises and may deposit 
on the malt. Various methods have been tried 
and adopted in which it has been found that 
access of arsenic .to malt may be obviated or 
(diminished (Royal Commission ; Arsenical Poison- 
ing, 1903). 

(For a statement of the amount of arsenic in 
the varieties of pyrites, and of its distribution 
in the preparation of sulphuric acid and alkali, 
u. H. Smith, Phil. Mag. [4] 44, 370 ; Chom. News. 
26, 176 ; and C. Hjelt, Dingl. poly. J. 226, 
174-181.) 

Fresoiiius finds that the arsenic in many 
chemical glasses is removed by alkaline, but not 
by acid liquids ; the bearing of this on judicial 
investigations is important. 

The commercial article is frequently adul- 
terated with gypsum, chalk, &c., these may 
easily be detected by heating a little on a Knife, 
when they will remain alter the oxide has 
volatilised. 

Sodium arsonite. Add sodium arstmte 


NajO 2 Asa 03 - 2 Hj 0 

is prepared by dissolving arscuious oxide in a 
solution of caustic soda or sodium carbonate, 
and evaporating the solution. The neutral salt, 
•NajO-AsjOj, is formed by boiling this compound 
for some time with sodium carbonate, and 
washing the residual salt with alcohol (I'asteur). 

Potassium arsenite is prepared in a similar 
manner. 

Sodium arsenite is used as a substitute for 
dung in dyemg, but is not so reliable as the 
arsenate. It enters into the composition of all 
‘ preparations in which arsenious oxide is dis- 
solved with sodium carbonate, 

A qplution undergoes slow oxidation on 
warming in contact with air. 

An arsenite of chromium and iron is used as 
a green piement in wall-papers. 

Sche^e^S green. Arsenite of copper. Hydro 
cupric arsenite. CuHAsOj. 

- According to Scheele’s method, 11 oz. ar- 
senious oxide are gradually added to a solution 
of 2 lbs. potassium carbonate in 10 lbs. boiling 
water ; this is filtered and poured into a solu- 
tion of 2 lbs. copper sulphate in 30 lbs. water, 
so long as ft grass-green precipitate falls. The 
precipitate is thrown upon a filter cloth, 
washed with warm water, and dried gently 
With the production of about IjJ lbs. of the 
pigment. 

Scheele’e green is a pulverulent, fine light- 
green colour, formerly larg. ly used in calico- 
printing %nd for wall-papers. It is however, j 
much les& used at the present time. It dissolves 
entirely in excess of alkali or in acids. 

Schweinfurth green, hnp^rial green. Erne- 


raid grem. M ilia green. A cdo-ar senile of copper 
(when mixed with gyspum or heavy spar, known 
also as Mountain or Neuwieder green). 

3Cu0A8a08-Gu*(CaH80j)2 


Five parts of verdigris (basic copper acetate) 
are ma(.le into a thin paste with water and added 
to a boiling .solution of rather more than 4 parts 
arsenious oxide in 50 parts water ; the solution 
is kej)t boiling (lining the mixture. If a yellow- 
green ])recipit,ate falls, a little acetic acid is added, 
and the solut ion boiled a few minutes longer ; the 
precipitate becomes crystalline and soon acquires 
the characteristic green colour, 

A very fine product is prepared by the follow- 
ing method :• — ^l^oiling, concentrated solutions of 
ar.scnious oxide and copper acetate are mixed in 
such proportions that equal weights of the two 
substances are pre.sent w'hen a bulky olive-green 
precipitate falls ; an equal bulk of cold water 
is then added and 'tlie mixture placed in a 
flask which it fills to the neck, thus preventing 
any pellicle whieli may form on the surface from 
falling Ihrougli the liquid and causing a prema- 
ture crystallisation. The colour under these 
circumstances takes two or three days to perfect, 
the beauty of the product being much increased 
by slow lorniation. The workmen engaged in 
the jueparal ion of lliis pigment do not appear to 
be in) u red by it. In contact with organic matter 
it is, however, liable to change. By the action 
of damp and moulds, such as Pewcilhum 
hrencnule, Aspergilli, &c., on paper coloured 
with this pigmimt a peculiar odour is frequently 
produced, which ajipi'ars to bo due to the forma- 
tion cf diethyleacodyl oxide fAs(G 2 H 5 ) 3 lgO, 
unaccompanied, as formerly supposeti, by 
arseniuretted hydrogen (Klason, Ber. 1914 
47, 2634). 

Arsenic oxide. Ar.srnfc add. Arsenic pent- 
oxide, Adde arsemque., Arsensdure, Acidum 
arsenkmu. As./) 3 , 

Produced wJum arsenious oxide is acted upon 
by an oxidising agent. 

On tho largo scale 4 parts white arsenic are 
gradually added to 3 parts nitric acid of not less 
than 1-35 sp.gr. in a vat capable of holding 
from 65 to 70 kilos, of white arsenic. Great 
heat 18 produced and the evolved fumes are 
passed over coke moistened with water, whereby 
about two-thirds of the nitric acid is recovered. 
In 24 hours a syrupy liquid is formed, con- 
tainmg a small quantity of arsenious oxide, 
which may be oxidised with a little more nitric 
acid. 

Kostner performs the oxidation in large 
glass flasks, the nitrous fumes being passed 
through lead pipes and condensed in leaden 
chambers. 


Arsenic oxide has also been prepared by 
suspending arsenious oxide in water, passing a 
current of chlorine through tlie liquid, and 
e\aporating tho solution thus produced. 

It is a deliquescent solid fusing at a dull-red 
heat, of acid metallic ' - . - 

It dissolves in 6 parts 
water. The solution 
vessel at 60°, or undi 
1 60°, deposits crysta 
.‘{AsjO 5,611 jO. Above 


taste and acid reaction, 
cold and in 2 parts hot 
evaporated in an open 
3 r increased pressure at 
Is of the composition 
200 ° crystals of ASjO* 
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separate. Concentrated Rolutions crystallising 
spontaneously or by freezing deposit the 
hydrate HjAsO^IHaO, or mixtures of this with 
3 A 820 b, 6 H 20 (Balarcff, Zeitsch. anorg. ('hem. 
1911, 71, 73). A cold, strong solution blisters 
the skin. Arsenic oxide and its salts are less 
poisonous than the corresponding arscnious 
compounds. 

Sodium arsenate. Ilydric disodic arsmaie ; 
‘ Dung salt.' NajHAsO^. 

It is prepared by saturating arscnious oxide 
with crude soda ash, drying, and deflagrating 
with sodium nitrate in a reverberatory furnace. 

Arsenate of soda is largely used in calico- 
printing as a substitute for dung, its feebly 
alkaline properties rendering it useful for that 
purpose. 

Arsniak of iron is an amorphous green 
powder containing :J3*() p.e. arsenic. 

Arsenic sulphides. Arsenic forms three 
well-delined sulphides, As.^Sj, AS 2 S 3 , and As 2 Sr„ 
the two fornu'r occurring naturally. A large 
number of other sulphides of indefinite com- 
position also exist. 

Arsenic disulphide or Realgar. Buhy sul- 
phur. Rothes Rffiischgelli. Rothes Rehwefel. 
Sulphur^ rouge. Orpin rouge. Rmgallo. 
Sandaraca. As^S^. 

Prepared by fusing together arsenic lyld 
sulphur or orpirnent in the pi*iper proportions. 
On the large scale it is obtained by distilling a 
mixture of arsena'al ores, such as arsenical and 
iron pyrites, with sulphur or with the sulphide 
of arsenic precipitated in the purification ot 
sulphuric acid. 

The mixtun; should contain about 15 p.c. 
arsenic and 20-28 p.c. sulphur; it is placed in 
flask-shaped earthenware retorts, holding about 
00 lbs. win n two thirds full, which arc connected 
with similar receivers. Tlie retoits are gradually 
heated to redness and kept so for 8-12 hours. 
The crude realgar should be eoinpact, dark, 
and rich in arsenic , if sulphur be in excess it 
is friable and light icd. It is re-melted rapidly 
in cast-iron pans with the requisite amount of 
sulphur or aisciiic, or with realgar of poorer 
quality. I'he mass is cleared of slag and heated 
until quite fluid, and until a small quantity 
shows ^he ])roper appearance on cooling. It is 
then poured into conical sheet-iron moulds. 

(Greater care is necessary in the preparation 
of realgar than of orpirnent, and an assay is 
frequently made to ascertain the exact propor- 
tions required before the final melting. 

It is hard and brittle*, generally opaque, with 
vitreous conchoidal ir.xture, orange or hyacinth 
red in mass and orange-red* in powder. Its 
sp.gr. is 3'4-3*(), and its usual composition 
is arsenic 75, sulphur 26. It volatflises 
easily before the blowpipe with a smell of garlic 
and burning sulphur, is insoluble in water or hy- 
drochloric acid, but soluble in alkaline sulphides. 

Realgar is a constituent of blue fire and of 
‘ white Bengal fire,’ which is used as a signal 
light, and consists of realgar 2 , sulphur 7 , 
potassium nitrate 24. 

The finest variety, especially that which 
occurs native, is used as a pigment ]}y artists. 

Arsenic trisulphlde or Orpirnent. Operment. 
Oelbes RauechgeU). Risigallum. Auripigmen- 
turn (of which its usual name is a corruption), 
f'elfow Sulphide of Arsenic. AsjSj. 

VoL. L— T, 
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This sulphide is formed as a yellow pre- 
cipitate ^fhen sulphuretted hydrogen is passed 
through a solution of arsenious acid in hydro- 
chloric acid. 

Precipitated arscnious sulphide is appreciably 
decomposed by water, and even by alc^ol, with 
formation of hydrogWi sulphide. Jt is also 
attacked to a considerable extent by dilute 
hydiochlonc acid, but the action of dilute acid 
or of water is chi'clied by the addition of 
hydrogen sulphide. The precipitate is apt to 
contain anscnic hydrosiilphide Aslf^H)., together 
with arscnious oxide (Hchmidt. Aren. Pharm. 
1917, 255, 45). 

On the large scale it is prepared by subliming 
sulphur with arsenious oxide, 2 parts of arsenious 
oxide and I part sulphur being a common pro- 
portion ; the colour of the product is lighter when 
less sulphur is used. • 

According to R. Wagner, a very fine colour 
may be produced as follows : — 2 parts finely 
ground barium sulphate are calcined with 1 part 
powdered charcoal or other carbonaceous matter, 
and the product is pulverised, mixed with 1 part 
giound orpirnent, boiled in water and filtered. 
The solution, containing a sulpharsenite of 
barium, is precipitated by the addition of sul- 
phuric acid. By the addition of a suitable 
amount of barium chloride before precipitation, 
the pigment may be correspondingly liglitened in 
colour. 

Orpirnent is insoluble in water but very 
soluble in alkaline sulphides. It was formerly 
much used as a jiigment under the name of 
King’s Yellow, but now is largely rcjilaced by 
chrome yellow. ’The ligliter varieties contain 
as much as 80 to 90 p.c. of arsenious oxide, 
and are consequently very poisonous. The 
darker varieties contain from 1 p!c. to 15 p.c. of 
the oxide and from 0 2 to 3 p.c. non-volatile 
matter. It is used in pyrotechny, and the finer 
kind, especially the mineral, is made into 
pigment for artists. 

It was formerly used as a deoxidising agent 
in the reduction of indigo biue, and in am- 
moniacal solution in silk-dyemg. A mixture 
of 9 orpirnent and 1 quicklime made into a 
paste with water is used under the name of 
‘ Rusma ’ for removing hair from skins, but is 
now generally re'placed by the solution of 
sulphide of lime prepared from the spent lime 
gasworks. 

Schultze (J. pr. Chem. 26, 431) considers that 
another form of the trisulphido exists which is 
soluble in water (r. Colloids). For a description 
of its properties, see Dumanski, Zeitsch. Chem. 
Ind. Kolloide, 1911, 9, 292. 

Arsenic pentasulphide AsjSs. Berzelius in 
1826 stated that this compound was formed when 
sulphuretted hydrogen is passed through a 
moderately concentrated solution of arsenic acid, 
but the precipitate was generally considered to 
be a mixture of the trisulpliide and sulphur. 
Bunsen in 1878 showed that it was produced on 
passing a rapid current of sulphuretted hydrogen 
through a hot hydrochloric acid solution of an 
alkaline arsenate, and his results were confirmed 
by McCay in 1887 (c/. Brauner and Tqpib^ek, 
Chem. Soc. T^^ans. 1888, 147 ; Travers and 
Usher, Chem. Soc. Trans. 1905, 87, 1370 ; and 
Foster, J. Amer. Chem. Soc. 1916, 38, 62). 

Arsenic pentasulphide is totally insoluble in 
2 0 
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water, alcohol, or disulphide of carbon. The temporary confusion in nomenclature. Further 
dry substance, on rubbing in a mortar, becomes systematic investigation by Bunsen (Annalen, 
strongly electrical. 1841, 37, 1-67 ; 1842, 42, 14-46 ; 1843, 46. 

Arsenic chloride. Butter of arsenic. Caustic 1 -48) showed that the main constituent of 
oil of arsenic AsCl, is produced bv the action Cadet’s liquid is cacodyl oxide, which he was 
of cnlorKne on arsenic; by distilling arsenic able to prej'are in a pure state (‘ paracaoodyl ’) 
with mercuric chloridr; by healing dry by the hydrolysis of cacodyl chloride with 
arsenious oxide with sulphur monochlonde at potassium hydroxide. He also oxidised cacodyl 
100°-125® : AS4OB4-6S2CI2— 4AsCl3-j-3S02+9S, oxide further to cacodylic acid (alkargen), and 
and by distilling arsenious oxide with strong finally he isolated the radical cacodyl itself, 
hydrochloric acid. It is a colourless, oily liquid, The inner .structure of the cacodyl radical was 
01 sp.gr 2'205 0°/4° boiling at 130’2'^ (Thorpe), not investigated by Bunsen, but Frankland, 
A solution of arsenious oxide in strong hydro- Kolbc, and others have since shown that the 
chloric acid loses arsenic on evaporation, but radical may be regarded as tervalf'nt arsenic 
unless concentrated the loss by volatilisation is associated with two methyl radicals. The 
small. A A/10 solution of arsenious chloride, cacodyl radical is As(CH3)2, and in the free 
A/I as regards jacidity, may bo concentrated ' state this univalent complex doubles on itself 
^to half-bulk without loss of more than one- , to give cacodyl Aso(CH3)\. Cacodyl oxide and 
thousandth part of the arsenic present. cacodyl chloride have the structures : 

Arsenic iri-lodide forms garnet to scarlet 
red hexagonal crystals: obtained by mixing /;:A8 — 0 — 

arsenious oxide with iodine, and, after standing, 3 ' 3^ 

extracting with carbon disulphide. Ar.senical compounds containing aromatic 

The chlond ■ and iodide are used to a slight radicals were first investigated by Bechamp 
extent in medicine. H. W. H. j (Oompt. rend. 1860, 60, 872; 61, 360; 1863, 

ARSENICALS, ORGANIC. Hi .STOHK'AL. J 56, 1172), who, studying the oxidising action 
The study of organo-arscnical compounds dates of arsenic acid on aniline {cf. Ma<!KNTa), noted 
from the discovery of ‘ (’adet’s fuming arseni- that a colourless condensation jiroduct could be 
cal liquid,’ a compound with an intolerable o'l^^ained This substance functioned as a 
stench, and the singular property of spon- monobasic acid,'^and Bchdiamp assumed that 
taneous inflammability in air at ordinary tern- ' the compound was an anilide of ortho- arsenic 
peratures to which L. C. Cadet de (Jassicourt j acid C6H5'NH'As()(()H).2. 


refers in his memoir on the production of sympa- j Ehrlich and Bertheim have since shown 
thetio inks published in 1760. This liquid (Bcr. 1907, 40, 3292) that the product is p- 
formed the distillate when equal parts of arsen- I aminophenv larsinic acid NH2 'CbH 4’A80(0 H)j. 


ious oxide and potassium acetate were heated 
in a glass retort. Guyton do Morveau, Morel, 
and Burande, yvho worked' in Dijon, confirmed 
this discovery about eighteen years later, and in 


The .sodium salt 

NH2-C,H4-As0(0H)*0Na,a:H20 
(x=2-6 in various preparations) is the Atoxjjl 


^ 1804 Thenard published further researches on 
the liquid (Ann, Chim. Bliys, 30 Vendemiaire I 
An. xiii. 1804, 62, 54), coming to the conclusion I 
that the product was a complex acetate con- 
taining arsenic. The next important contribu- 
tion to the subject was made m 1837 (Pogg. 
Ann. 1837, 40, 219 ; 42, 146 ; v. Annalen, 
1837, 24, 27; 1839, 31, 175) when Robert 
Wilhelm ' Btin.sen commenced his classical 
researches, winch were carried on for a period 
of sj[fX years. He siiowed tfiat tlio distillation 
product of arsenious oxide and potassium acetate 
contained the oxide of an arseniuretted radical, 
a group containing arsenic, carbon, and hydrogen 
wnicb remained unchanged in composition 
when the oxygen was replaced by the halogens, 

■ sulphur or cyanogen. At first Bunsen supposed 
that tlie product coiitainod no oxygen, and was 
GjHcAs, and as tliis formula represents alcohol 
in which oxygen is replaced by arsenic, he 
adopted the name Alkarsin for the supposed 
arsenical analogue of alcohol. Berzelius sug- 
gested the presence of oxygen in Bunsen’s 
^Alkarsin ’ {i.e. the original distillate), and gave 
the name Kakodyl (Gr. kakos-odyl) to the com- 
pound radical which functioned as a ‘ compound 
element ’ in the series of reactions of ‘ alkarsin.’ 
It is now evident* that the distillate dealt with 
by thv early workers must have contained, 
according to experimental contljtions, varying 
. amounts of cacodyl oxide and cacodyl, and this 
would account for the lack of uniformity in the 
interpretation of the results and for some 


of therapeutics. 

J'huiich, who observed that aromatic com- 
pounds containing ti^rvalent arsenic as distinct 
from the quinque valent Atoxyl series had a 
more pronounced action in protozoal diseases, 
now instituted very extensive researches which, 
after 005 tnals, culminated in the preparation 
of Sulrarsau, or ‘ 606,’ in 1910. N eosalvarsan, 
or ‘ 914,’ was discovered in 1911, and both these 
substancc.s have been highly successful in the 
arsenical treatment of syphilis. 

More recent work lias trended in the direc- 
tion of increasing in these substances the 
trypanocidal power and reducing toxicity to 
the patient. Co-ordination compounds of salvar- 
san with heavy and noble metals have been 
investigated. Luaryol, which has met with 
great success in tfio French Army, is a complex 
of salvarsan, silver bromide, and antimony. 
The preparation of primary arsines by Palmer 
and Dehn (Ber. 1901, 34, *3594) has prompted 
further researches on organo-arsenic compounds 
of therapeutic value. The discovery that the 
diazo- reaction could bo applied to the synthesis 
of aroraati<‘ arsenicals has given a further 
impetus to the study of these compounds (Bart, 
D R. P. 250264 ; Eng. Pat. 668, 1911). 

Cacodyl and its moee impostant Db-' 
EiVATivixi (Bunsen, Annalen, 1842, 42, 14). 

Cacodyl [A8(CH3)2la, Teiramethyldiarsinc^ a 
colourless, highly refractive liquid with intoler- 
able smel^; b.p. 170° ; solidifies at -^6% 


« 
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forming square plates ; vapour density 7*1 ; 
sparin^y soluble in water, is prepared by 
treating cacodyl chloride with metallic zinc in 
an atmosphere of carbon dioxide. It inflames 
spontaneously in air, giving carbon dioxide, 
water, and arsonious oxide. It behaves as a 
univalent or tervalent radical combining with 
sulphur and the halogens. 

Ethykacodyl {T^traethyhlumine) [As(C2H5)2l2 
an oil, b.p. 185°-UK)“, is produced, together with 
triethylarsim A8(02H5)2, b.p. 140®, by the inter- 
action of ethyl iodide and Hodium arsenide ; 
it yields, on oxidation, diothylarsinic acid, a 
soluble cryetallino product (Landolb, Annalen, 
1864, 89, 310 ; 92, 305). Dinuihyhlimoamyl- 
cacodyl {CHg)2As As(05H,,)2> obtained by the 
following general method (JlcJm, Amer. Chem. 
J. 1908^ 40, 123) : 

RaAsH-hClAsR'g-ltCI + RaAs-AsR'a 
from ascfiondary ar.sine and a secondary arsenious 
chloride. * 

Cacodyl oxide [As(Cll3)2l.jO, the main con- 
stituent of Cadet’s liquid, is a heavy oil ; sp.gr. 
1 '402/15®; b.p. 120’; solidifies at —25"; 
vapour density 7 '55 ; sparingly soluble in waliu*. 
It is prepared by distilling eiieodyl chloride with 
aqueous potassium liydro.xide, drying and re- 
distilling in atmo.sphere of carbon dioxide 
(Baoycr, Annalon, 1858, 107, 882). S 

Cacodyl chloride A8((!H;,)2C1, colourless liquid, 
heavier than water ; b p. 100® ; vapour density 
4’56 ; is insoluble in v/ater. It has a penetrating, 
stupefying odour, and has a marked irritating 
action on th ' mucous membrane of the nose. 

roncentrated hydrochloiic acid and mer- 
ci^ric chloride are added sueiasssively to (Wlet’s 
arsenical liqiud, and the resulting crystalline 
magma is liquefied by the addition of more 
hydrochloric acid and distilled. The distillate 
containing cacodyl chloride is purified by treat- 
ment with calcium carbonate to remove the 
acid, and with anhydrous calcium chloride to 
remove water. 

Cacodyl cyanide As((’Hg)2CN, colourless 
prisms ; m.p. 33 ; b.p. 140® ; sublimes readily 
at ordinary temperatures to an exceedingly 
poisonous vapour. Is soluble in alcohol and 
ether, sparingly soluble in water. It is prepared 
by interaction between cacodyl and mercuric 
cyanide ; 

[As(CHg)2J2+Hg(CN)2-Hg-h2A8(CHg)20N 
Cacodyl sulphide [As(CH3)2]2S, colourless oil ; 
b.p. well above 100® ; insoluble in water ; 
miscible with ether and alcohol. 

Cacodyl disulphide [A8(CHs)3]2S2, white 
rhombic plates; m.p. 60% Cacodyl cupri- 
sulphide NdgSjSCujkS, lustrous octahedra. 
Cacodylic act'd. Dimethylarsink act'd. 
A8(CH3)20'0H, 

(Bunsen, Annalen, 1843, 40, 2), inodorous 
colourless prisms ; m.p. 200° ; very soluble in 
water and alcohol. Is prepared by the 
oxidation of cacodyl oxide with mercuric oxide 
under water. It is vciy stable, not decomposed 
by the strongest oxidising agents ; it forms 
crystallisable salts, certain of which have been 
used in medicine, including sodiinn cacodylate 
Kd08Na,3H20 (Ph. Holv.). 

Cacodyl trichloride (CHgljAsOlg (Boeyer, 
Annalen, 1858, 107, 203), which crystallises 
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from other in prisms dr leaflets, is very unstable, 
fumes in, air, and deoon^oses at 40°-60® into 
methylarsenious chloride CfHg'AsCl, and methyl 
chloride. 

Syntheses of Aliphatic Aesj^icals. 

I. Interaction of an Atkyl Halide with an Alloy 

of Arsenic {Cahours, Compt. rend. 1859, 40, 
87). 

Methyl iodide reacts at 180° with zinc or 
cadmium alloys of arsenic, yielding double 
salts of the formuhe : • 

2As((lH3)J,Zul2 and 2A8((^H3) J.Cdlg 
From these, tetramcthylarsonium iodide is 
obtained by treatment with caustic alkali. 

II. Interaction of an Alkyl HalWe with Elemental 

Arsenic. • 

A modification of the first method by which 
the alkyl halide and arsenic are heated together 
in a sealed tube at l(>0°-200° {('ahoiirs, Annalen, 
1802, 122, 200). If amorphous arsenic be u.sed 
the reaction may be brought about at ordinary 
temperatures (Martindale, C/ongress of Applied 
Chemistry, 1909). In either case a double salt, 
e.g. As(Cdl3) ^RAsIg'is formed, and this, when 
decomposed by caustic potash, gives potassium 
arsenile, potassium iodide, and tetraraethyl- 
arsonium iodide 

III. Interaction of a Metallic Alkyl with an 

Arsenic Halide. 

Zinc dimethyl reacts with arsenious chloride 
giving tnmethylarsine (Hofmann, Jahresber. 
1855, 538; Annalen, 1857, 103, 357). 

Mixed arsines may be prepared in this way ; 
e.(j. dimethylarscnious chloride ^^eacts with zino 
diethyl giving dimeihylcllnjlarsine. 

The Grignard reaction — a special case of this , 
method— -affords an important means of pre- 
paration of organo- arsenic compounds (Hibbert, 
Ber. 1900, 39, 100). Arsenious bromide treated 
with excess of Grignard reagent (magnesium 
methyl iodide) yields trirnethyUrsine. 

IV. Alkylation of Arsenical Oxy- Compounds. 

In this process, duo in the first place to 
G. Meyer (Ber. 1883, 10, 1440), but sinco 
generalised by Klinger and Kreutz (Annalen, 
1888, 249, 147), and by Hehn and McGrath 
(Amer. Chem. J. 1905, 33, 138 ; 1900, 28, 351), 
sodium arsenite is treated with alkyl iodide in 
alkalme solution giving i odium alkylarsenate. 

This synthesis, unlike the preceding methods, 
which require anhydrous solvents or an inert 
atmosphere, can bo carried out in aqueous 
solutions under ordinary atmospheric conditions. 
Potassium methylarsinate is produced by 
mixing together potassium arsenite and methyl 
iodide lu aqueous methyl alcoholic solution. 
After several days a white precipitate 2As20g,KI 
is removed and potassium methylarsinate is 
obtained from the filtrate : 

ko a<°k + ch,i 

' ♦OK 

/OK 

CH.—As^^-O 

. '\OK 



ARSENICALS, ORGANIC. 


Dealkylation of A'lphatlc Arsenicals. 

This process, originally due te Baeyer 
(Annalen, 1868, 107, 282), who confirmed and 
extended Bunsen's work, is effected by con- 
verting cacodyl chloride into cacodyl trichloride 
by direcfl'adciition of chlorine and by distilling 
the trichloride, when methyl chloride is elimi- 
nated, and methylarsenious chloride CHgAsCl;. 
is produced. This monoalkylated arsenical 
is sueceffsively chlorinated and hydrolysed; the 
final product, methylarsinic acid, is a substance 
of therape\itic utility, having been eraj)loyed in 
the form of its sodium salt C-H3-A80(0Na)2.H20, 
arrhenal or now cacodyl (Auger, Compt. rend. 
1903, 137, 025; Auger and Billy, ibid. 1904, 
139, 699). 

Auchatic Arsenicals. 

Tnmethyla7 sine As((/fl3)3, liquid ; b.p. 70" ; 
synthesised by method III. (above). Ls also 
prepared by distilling tctramethylarsoniurn 
iodide As(CH3) J with dry potassium hydroxide. 
Tetramcthylarsoniiim iodide is a solid crystal- 
lising in colourless leaflets, which decompose at 
170"-180". It IS synthesised by method 11. 
(above). 

Teirameihjlarfionium hydroxide, obtained by 
the action of moist silver oxide on the iodide, is 
a strongly caustic soluble substance resembling 
sodium or potassium hydroxide. 

Methylarsinic acid CB 3’A80(0II)2, anhydrous 
colourless crystalline solid ; m.p. IGl" ; soluble 
in water and alcohol ; decomposes carlionates 
and forms an aiiimoiiiiim .salt. The sodium salt, 
arrhenal or new cacodyl CH3'As0(0JMa)2H20, 
has been used in medicine, as also have sodium 
dimethylarsinatc (sodium cocodylate) 
(CH3)2A802Na,3H20 

and corresponding salts of magnesium, iron, 
strychnine, gmaiacol, and antipyrme. 

Dimeihyhrsinc, (01l3)2AsH, wolourless liquid I 
with odour of cacodyl ; b.p. 35 •fi'^ ; spoil tane- | 
ously inflammable in air above 10" (Palmer, Ber. | 
1894, 27, 1378 ; Uehn and Wilcox, Amor. Ohem. 
J. 190fi, 35, 3). 

Strong hydrochloric acid is dropped slowly 
on to a mixture containing crude cacodyl oxide, 
amalgamated zinc-dust and alcohol. The dis- 
tillate is passed through a water wash -bottle 
and ft soda lime tube to a condenser surrounded 
by a freezing mixture of ice and salt. 

Mdhylarsine CH^'AsHj (Palmer and Dehn, 
Ber. 1901, 34, 3594), volatile, colourless, highly 
refractive liquid with odour of cacodyl ; b.p. 
2" ; very poisonous, not spontaneously inflam- 
mable ; practically insoluble m water ; soluble 
in alcohol, ether, or carbon disulphide ; is pre- 
pared by reducing methylarsinic acid with 
amalgamated zinc-dust and alcoholic hydro- 
chloric acid with precautions similar to those 
taken in the preparation of dimethylarsine. 

Arsenataelhane (CHg'As : As'CHslg (Auger, 
Compt. rend. 1904, 138, 1705), heavy yellow 
oil with garlic odour; b.p. 190713 mm. Is 
prepared by reducing sodium methylarsinate 
with sodium hypophosphite and sulphuric acid. 

VorlATiLiD Arsenical Compounhs from 
* Moulds. 

It has been observed that wallpapers and 
carpets containing arsenical pigments have 


become a source of danger owing to the evolution 
of volatile arsenic compounds of a decidedly 
poisonous character. It is now known that 
the presence of certain moulds is a necessary 
condition for the production of such ^ases. 
These moulds, the most important of which is 
Penicillium hrevicaule, evolve a volatile arsenic 
compound when cultivated in a medium con- 
taining sodium arsenito. Several observers 
have examined this phenomenon, and P. 
Biginolli has prepared fairly well-defined solid 
derivatives of the gas and thereby concludes 
that the gas itself i.s dicihylarsine (CaH6)2AsH 
(Atti. R. Accad. Lincci, 1900 |v.] 9, ii. 210, 
242), although his results have not yet been 
confirmed by the i.solation of the secondary 
arsine itself. 

SvNTlIESE.S OF AroMATIC AR.SEMCALS. 

Two general methods are due to Michaelis, 
who, in collaboratron with many pupils, lias 
given them a very wide application (Bor. 1870, 
9, 1500; Annalen, 1880, 201, 184). 

1 1. Interaction of the Arsenic Halide with a Diaryl 
I Derivative of Mercury, 

The mercury diarvl deriv^utive is prepared 
the action of sodium amalgam on the aryl 
broiiiide The action of the mercury diar/l 
takes place in two stages. In the first, the 
arylarsemc dihalidc is produced, c.g, 

Hg(C„H,)2+2A.sn3--Hg0l2+2C«H5*AsCl2 
If the action is carried further the diaryl 
arsenic halide is formed 

Hg(G«n5)2+2C«H5-AsCl2-2(C,Jl3)2AsCl-fngCl2 
A modification of this method has been 
employed (Ber. 1914, 47, 2748), whereby the 
arylmcrcuric chloride is lieated at 100" with 
araenious chloride witli the production of the 
arylarscnious chloride. 

II. Interaction of Sodium with Chloroaryls and 

Arsenious Chloride (or the corresponding 
bromo- derivative). 

This proce.ss is a modification of Fittig’s 
synthesis of hydrocarbons, c.g. : 

As(Jl3+3C,H5*Cl+6Na=:0NaCl+A8(C,H6), 
The tertiary arsine thus formed readily 
forms dihalides which on heating give secondary 
arsenic halides : 

(C„H,)8AsCl2=CeH,-Cl+(CeH,)2A8Cl 
Primary derivatives can be formed by heat- 
ing the tertiary gjrsine with arsenious chloride 
under pressuru at 260" ; the secondary com- 
pound is formed at the same time : 

(f5„H5)3A8+2A8Gl3-3C«H6ABCl2 
2(C3H5)3A8-f-AsCl3— 3(C6 Hb)2AsC1 (by-product) 

III. Grlgnard Reaction. 


To the foregoing processes due to Michaeli? 
this reaction adds a third method which has been 



IV. Diazo- Synthesis. 


Aromatic primary amines are converted into 
the corresponding arylarsinic acid^ by treating 
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the diazonium salt or alkali diazooxido with 
aqueous sodium arsenite with or without copper 
powder (Bart, D. R. PP. 260264 ; 254346). 

Aromatic Arsbnicals, 

Phenyhrsenioua chloride CeHs’AsClj (La 
Coste and JVIichaelis, Ber. 1878, 11, 1883), 
colourless, highly refractive viscous liquid ; 
b,p. 252“-264° ; with pungent odour, more 
pronounced on warming ; very irritating action 
on the skin. 

Arsenobenzeve C,iH(; As : As'C^Hg (Michaclis 
and Schulte, Ber. 1881, 14, 912: 1882, 15, 
1962), light yellow needles ; m.p. 196'^ ; insol- 
uble in water or ether ; sparingly soluble in 
alcohol ; soluble in benzene, cnloroform, or 
carbon disulphide. An alcoholic solution of 
j'henylarsenious oxide is warmi'd with excess 
of crystallised phosphorous acid. The pasty 
product yields well-dchned crystals from boiling 
xylene. • 

Pheriylara.vic chloride (y,H-/Asr’l^ (Michaclis, 
Ber. 1877, 10, 022), flattened yellow needh's, 
m.p. 45® ; decomposes violently m water, 
dissociates on warming into the dichlonde and 
free chlorine, the action being facilitated when 
conducted in a stream of dry carbon dioxide. 
At 160° it is decomposed completely into 
chlorobenzene and arsenious ^hloride. 

PhcnylarMuic acid (If,ll 5 'AsU(()ll )2 (La Ooste 
and Miciiaelis, Annalen, 1880, 201, 184 ; Micha- 
elis, Ber, 187 10, 02()), colourless prisms 
passing into the anhydride at 158°, soluble in 
absolute alcohol ; very stable towards oxidising 
agents ; on reduction gives jihcnvlarsmo {q.tK}. 

Di'phcnylarscniouH chlonda ((JfiH 5 ) 2 A.sCl (La 
Ooste and Michaclis, Ber. 1878, 11, 1885; 
Annalen, 1880, 201, 215), well-defined colourless 
tabular crysta's ; m.p. 38°-41° (formerly 
described as a yellow oil). Slight odour, more 
pronounced on warming. V'apour very irritating 
to the skin. Alkalis hydrolyse it to diphenyl- 
arsenious oxide, crystalline aggiegates ; m.p. 91°- 
92°, and this jiroduct reduced with phosphorous 
atid furnishes phcnylcacodyl (C 6 H;,) 2 As'As(CbH 5)3 
crystalline mass ; m.p. 135°. 

Diphenylardnic acid (CuHslaAsO'OH, colour- 
less needles; m.p. 174°. Sparingly soluble in 
cold water, ether, or benzene, more soluble in 
hot water or alcohol, 

Triphenylarsine (C,,Hr,) 3 A 8 (La ('Oste and 
Michaehs, l.c.), colourless plates from 
alcohol; m.p. 58°-60°; b.p. above 360° (with- 
out decomposition in carbon dioxide). Very 
soluble in ether or benzene, sparingly soluble 
in alcohol. 

Triphenylmethylarsonki m %odide 
(CoHJXCHJ-I 

pale yellow leaflets from alcohol ; m.p. 176°. 
Soluble in alcohol or ether, sparingly soluble 
in water. 

Tribenzylarsine As((JHa'CeH 6)3 fMichaelis 
and Paetow, Annalen, 1886, 233, 60; Paetow, 
Inaug. Dissert. Rostnek, 1886), colourless mono- 
clinic prisms from alcohol ; m.p. 104°. Insoluble 
in water, sparingly soluble in alcohol; soluble 
in ether, benzene, and glacial^ acetic acid. 
Oxidised by hot dilute nitric acid to arsenic 
and benzoic acids. Obtained, together with 
its dichloride and dibenzylarsinetrichloride, by 


j the action of sodium on arsenious chloride and 
benzyl chloride. 

Dibenzylarsinic acid (CeHft-CH,),AsO*OH 
{ibid.), leaflets from alcohol ; m.p. 210°, deoom- 
posing at higher temperatures ; sparingly soluble 
in other, acetone, or benzene ; bitter salt taste 
and very irritating effect on the muoOus mem* 
brano. 

Bcnzylarsinic acid CgH 5 -CH 2 -A 80 ( 0 H)a 
{ilnd.)i Delm and McGrath, J. Amer. Chora. 
Soc. 1906, 28, 354), colourless needles ; m.p. 167°. 

I Buizylaisine. CJIg-CHj'AsHa (Dehn, Amer. 

' Chem. J. 1908, 40, 113), light yellow liquid; 
b.p. 140°/2()0 mm. 

\)-Bcnzar.nnic acid C 02 T{’CgH 4 -A 80 (GH), 
(Michaclis, Annalen, 1902, 320, 303; Ber. 
1915,48, 870; .Sichurg, Arch. Pharm. 1916, 
254, 224; Bertheim, Ber. 1908, 41, 1854). 
This is a typical example of the carboxylated 
derivatives wfliich can bo obtained by oxidisinj 
arylaisinic acids containing methyl groups. 
This acid forms colourless jilato.s, sparingly 
soluble in water, very sparingly so in alcohol 
and glacial acet ic acid. 

1. p-Tolylarsinic acid (('H 3 -CgH 4 'AsO(()H) 2 ) 
is treated with alkaline potassium permanga- 
nate in aqueous tjrilntion, the mixture being 
loft for Some days, when the filtrate is evapo- 
rated to drynes.s after acidifying wdth acetic 
acid ; the residue, extracted with alcohol to 
remove potassium acetate, is then decomposed 
by conciuitratod hydrocdiloiic acid when p-ben- 
zarsmic acid is depo, sited in well-defined crystals. 

2 . O.xidation of p-tolylarsinio acid by means 
of nitric acid in scaled tube at 170° for three, 
hours gives a good yield of jy-benzarsinic acid. 

3. p-Arsanilic acid is diazotised in the 
presence of cuprous cyanide, the resulting p- 
cyanoplicnylarsinic acid, being ^ hydrolysed by 
concentrated potassium hydroxide, uirnishcs 
p-benzarsinic acid. Its isomeridcs are similarly ^ 
prepared. 

Betaines op Aroma ' iic Arsenic als 
(Michaclis, Annalen, 1902, 320, 297 ; ibid. 1902, 
321, 174). 

Ordinary naturally occifrrmg betaine has 
the constitutional formula: 

and is trimethyl glycine. Many analogues 
containing ^inqucvalcnt arsenic are known. 

Trimcthylarsenibenzohetaine (I.) : 

" ' \ — CO — — ^ 

I. II 

The hydrochloride of the triethyl compound 
corresponding with (L), which was the first 
arsenical betaine to bo prepared, is obtained by 
oxidising p-tolyltrimethylarsonium chloride with 
alkaline permanganate. 

Tripnenylarsembctanic (IL). The betaine of 
the second type is produced by successively 
treating triphenylarsine with chloroacetic acid 
and alcohohe potash. Both these preparations 
have been generalised. 

The use of Orqanio Compounds of Arsbnio 
IN Therapeutics. 

Diseases of protozoal origin, such as ‘ sleeping 
siokness,’ syphihs, Ac., do not, in general, lend 
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themeolves to scilim treatment, and certain 
antiseptics which arc inimicable to the existence 
of the protozoal parasite are quite as* injurious 
to the tissues of the more highly organised 
‘ host.’ Nevertheless,, the protozoa are more 
sensitive to chemical treatment than are 
bacteria, 'which arc much more highly resistant, 
and it has been shown that it is possible to 
treat certain protozoal diseases with antiseptics 
which react specifically witli the protozoa, and 
arc yet comparatively innocuous to the host. 
The treatment of malaria with quinint; is a 
typical instance of this mctliod. With a view 
to their use in this branch of therapeutics, 
organic derivatives of arsenic, as against 
inorganic preparations, have been extensively 
investigated, and the success wliich has attended 
their use seems to be duo in part to their relu- 
^tivcly low toxicity to the higher organism, 
their higher solubility, which probably increases 
their penetration, and their comparative sta- 
bility, whereby only tlie small fractions needful 
for the destruction of the protozoa become 
decomposed in the body, the remainder passing 
througn the body unchanged. 

Atoxyl, i^o(lium-\)-arsanilatc, Syn. Arsamin, 
Soamifiy Natrium armmlkum. 

0 

11 

NaO — As — OH 



This salt crystallises with 2-0 molecules of 
water, according to the solvent used in its 
preparation. The corresponding mercury salt, 
Asyphil, has been used for injections. 

i-Amino'pheUylA-arsimc acid {^■Arsanilic 
acid) 

NH.,(^^A80(0H)2 

A mixture of aniline (180 grams) and arsenic 
acid (140 grams) is heated gradually to 170'’-2(»0° 
in a vessel fitted with an efficient stirrer, the 
temperature being maintained at 190^-200° for 
one to two hours. The product rendered 
alkalme is distilled in steam to remove exce.ss 
of aniline, filtered, and neutralised with hydro- 
chloric acid when crude p-arsanilic acid separates 
on cooling. The product dissolved in aqueous 
caustic soda is decolourised with anjmal charcoal 
and filtered into alcohol when sodium p-arsani- 
late (atoxyl) crystallises. A by-product, sodium 
4 : i.' -diamino aiphenylarsumte remains dissolved 
in the alcohol ( 0 . and K. Adler, Ber. 1908, 
41, 932 ; Benda and Kahn, ibid. 1G74, 2370 ; 
Pyman and Reynolds, Chem. Soc. Trans. 1908, 
93,1184). 

The foregoing condensation, due originally 
to B(iohamp (l.c,), ha.s more recently been 

f enOralised and extended to the case of 'the 
omologuos of aniline containing a free pAra- 
position with respect to the amino- group 
(D. R. P. 219210; Eng. Pat. 14937, 1908; 
U.S. }*at. 913940, 1909 ; Welcome and Pyman, 
Kng. Pat. 856, 1908; Adler, Ber. 1908, 41, 931 ; 
Benda «aurf Kahn, ibid. 11572). Aromatic 
primary amines substituted in the para- 
position are also amenable* to the Bcchamp 
reaction, but with the exception of p-nitroaniline 


the yields of orthoamino arainio acids are small 
(Benda, Ber. 1909, 42, 3621 ; 1911, 44, 3294; 
D. R. P. 243693 ; Eng. Pat. 29196, 1911). 

Phenol and its homplogues containing free 
para- positions with re^ct to the hydroxyl 
group also undergo the Bcchamp condensation 
with arsenic acid with the formation of p- 
hydroxyarsinic acids (D. R. P. 205616). 

Ehrlich and Bertheim’s demonstration that 
atoxyl was the sodium salt of p-amino-phenyl- 
arsinic acid rather than the anilide of arsenic 
acid, and that therefore atoxyl was a true 
organic arsenical, suggested numerous significant 
po.ssibiiities of syntheses, many of which have 
smeo been realised, the aim in general being 
directed to improvements in stability and 
s])ccific action. For instance, the amino- 
group may be acctylated, benzoylatcd, or 
rc])lacc(l by halogen or hydroxyl, or a sub- 
.sf ituted amine can be used m the initial stago 
of the syritlie.sis instead of aniline. As an 
example of this iitoccdurc may be cited the 
acetylation of atoxyl, whereby a derivative is 
obtained which, while just as toxic to trypano- 
somes, is more stable and much less toxic to the 
host than atoxyl. This de’‘ivative ; 

O / 0 H 

AsO< 

^ONa 

is known a.s arsnbiin, or acetylatoxyl (contains 
3-4 Hgt)). Large numbers of similar deriva- 
tives have been jireparcd, some of which have 
assumed eommereial importance, Beiizmesul- 
fhonyhtoxyl, termed Hertine, has been employed 
in therapeutics. • 

Phniyhjlycin carsinic ac id 

COJICHgNH— / VsO^ 

/ OH 


and its homologues are less toxic than atoxyl, 
the glycine group, which re-sists hydrolysis in 
the organism, being mucli more firmly attached 
than the acetyl group, 

Atoxyl 18 digested with aqueous chloracctio 
acid in a reflux apparatus for (5-8 hours, the 
crystalline glycine derivative being freed from 
unchanged arsanilic acid by washing with 
dilute hydrochloric acid. 

Other aromatic primary amines yield deri- 
vatives analogous to tliose obtained from aniline. 

Sodium 2 - aminotoh/l - 5 - arsinate, ‘ Khar si n^' 
obtained by extendmg the Be'champ reaction to 
o-toluidine, crystallises with 3 L G H 2 O. 

Sodium acelyl-2-ami7iololyl-5-arsinnte ‘ Orsu- “ 
dan ’ (Wellcome and Pyman, Eng. Pat. 855, 
1908) : 


CH 3 CO Nh/^\A 8<"' 6 or 7 HjO 

Lll« 


produced by acetylating the preceding com- 
pound, has also been used in protozoal diseases. 
The fact that the treatment of certain 


protozoal diseases with azo- dyes has met with 
considerable success has led to the attempt to 
prenare dyes from the diazotisable p-arsamlio 
acid, and a number of monoazo- and poljazo- 
dyes have bep prepared, which in the mam are 
less toxic to 'ihe host than atoxyl and more eo 
to protozoa. 

The promising results arising, from tire joint 
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fttsenical and mercurial treatment of syphilis 
suggested attempts to combine the beneftcial 
effects in one drug, and several derivatives 
have been prepared which possess the antici- 
pated properties to a more or less degree. 

3 : 5-Dihydroxymercuri - 4 - aminophcnyl- 
arsinic acid and 3-hydroxymercuri-4-amino- 
phenyl arsinic acid are two well-defined c.xamplcs 
NHa NHa 

HO'Hgj^^ngOH 

0: As(OH)2 O: A.s(0H)3 

The hydroxymercuric derivative of orsudan 
known as ‘ HyhyW has also given jjroini.sing 
physiological tests : — 

CHg-CO Hg N CO ('Hj 

\/’llg'OII 

AsO^jNa™ * AsO^Na™ 

Enesol is the mercury derivative of salieyl- 
4-ar8inic acid : 

1I0<^^As()(()H)2 

co^ir 

and has been employed successfully in the 
treatment of syphilis. ^ 

Tervalen' arsenic derivatives are tTieia- 
peutieally of griater value than the corre- 
sponding (iuiii({i’'c\'alent derivatives, from which 
they are obtained by reduction. 

Phenylglyeinearsiine acid yields ai.yrao- 
fhcnylglyctne m reduction with .sodium hydro- 
sulphite! Its sodium salt', under tlie nanu' 
Spirarsyl (No. 418 m Fdirlieh’s series) : 



COaNa-CH/Mf NH 
has been used, and is a decided improvement 
on atoxyl, having less toxicity for the host and 
greater trvjianoculal power. 

Similarly p hydro vyphenylarsmic acid yields 
p-arseno]ihenol on reduetion, and the fact that 
these substances had been used with good 
results in trypanosomiasis in mice led Ehrlich 
to prepare and examine many substances of 
similar constitution. 

Salvarsav (Syn, Kharsivan, Arsenohenzol, 
Arsenobillon, Ehnirh GOG). 3 : 'i-' DiammoA : 4' 
dihydroxyarscnof)e)izr u e, p-h ydroxyphcnylarsinic- 
acid is successively nitrated and reduced with 
alkaline sodium hydrosulphite and magnesium 
chloride, two molecules of the compound uniting 
in the reduction, according to the following 
equation : 

OH OH 

^0(0H)3 As0(0H)2 

As “ As 

(Ns,8,0.) f ] f ] 

OH OH 



The foregoing p-hydroxyphenylarsinio acid 
is obtained either from u-arsanilic acid through 
the diaz^- reaction, by boiling the diazo- com- 
pound with water, or directly from arsenic acid 
and phenol, by extending the B^champ reaction 
to the latter compound. 

Salvarsan can also be prepared 1^ starting 
from dimethylaniline. This base, treated with 
arsenious chloride, yields p-dimcthylamino- 
phevylarsenioKsdichloride, oxidation of the chlo- 
ride iead.s to p-dijudhylaniJincarsinic arid, which, 
on nitration, gives '^-n\iroA-dim,dhylaminO’ 
phenylfusivic acid. The nitro-* compound, on 
warming with 40 p.c. aqueous caustii soda, gives 
rise to 3-mtro-4-liydroxyphenylarsinic acid, 
which is reduced as above. This nitro- hydroxy 
comjiound i.s also obtainable by putting p- 
cliloroanilino through the Bart process and 
successively nitrating and • hydrolysing the 
resulting p-chlorophenylarsuiic acid. ^ 

The crude moist preparation of salvarsan 
base is dissolv^ed in metliyl alcohol, and its 
di hydrochloride precipitated by the successive 
addition of methyl alcoholic hydrochloric acid 
and ether, and is dried in an ini'i’t atmosphere. 
The free base is insoluble in water or in physio- 
logical salt solution, and it does not form 
neutral salts, sineolt is an amjihotcric substance, 
being fc(*bly basic and having also phenolic 
properties. 

These characteristics constitute a drawback 
to its utility f(tr intiavonous injections and in 
practice the hydrochloride has to be very 
carefully neutralised immediately before use 
by means of sodium hydroxide. 

There arc nine ' possible symmetrically 
constituted isomerides of salvarsan, and the 
following live have been obtained - 


4 ; 4'-diamino-3 ; U'diliydr^xyarsenobenzene 
2:2' „ 3:3' 

2:2 „ 5 : G ,, ^ 

4:4' „ 2:2' 

6 : 5' „ 2:2' 

In no case is the isomcride comparable in 
therapeutic value with salvarsan. - The methyla- 
tion of salvarsan increases the toxicity of the 
compound to the host and diminishes the 
trypanocidal value, e.g. the licxamethyl deriva- 
tive is 3-5 times as toxic as the immethylated 
compound, and is inactive with regard to the 
protozoa, (kirboxylalion leads to similar ten- 
dencies. Many other salvarsan derivatives 
have been prepared and examined. 

Certain polyammoarsenobonzenes are already 
of considerable therapeutic importance, and 
Significant developments in this direction seem 
likely. Among these salvarsan analogues the 
following are noteworthy : — 

4 : 4” Dimethyl-'i : 4 : 5 : 3' : 4' : b'-hexamino- 
arsenobenzene 


As — 



NHCH3 


As 



NHCH3 


has low toxicity towards human beings and 
high trypanocidal powers. * 

4 : ^'-Tetramethyl-^ ; 4 ; 6 : 3' : 4' : b'-hex- 
aminoarsencbmzenc 
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As 



As 



N(CH3), 


and the corresponding ethyl derivative have 
similar properties. These bases have the re- 
markable property of dissolving in soluble 
bicarbonates, giving rise to stable complex 
carbamates precipitated from aqueous solution 
by alcohol or acetone. 

Certain limitations in the usefulness of 
salvarsan have already been mentioned. The 
drug {dihydroclilorido) does not give rise to 
neutral solutions, and accordingly its application 
is lacking in simplicity. The replacement of 
an atom of hydrogen in one of the amino- 
groups of salvarsan by a metliylencsulphinic 
gfoup confers sufficient acidity on the raole- 
eulo to enable soluble neutral and stable 
alkali salts to be prepared. The introduction 
of the mcthylenesulphiriie group into the 
hydrochloride of salvarsan is brought about by 
the action of sodium fonnaldehydcsiilphoxylatc 
followed successively b}'^ sodium carbonate 
solution and liydrochloric acid. 

: 'S'-diaminoA : 4r' -dihydroxy - 
aracimhenzrne-^ - metliylen as u I ph i ti ate, N ro-salvar- 
Ban is the sodium salt of the acid thus produced 


As As 



The product is a pale-yellow powder giving a 
neutral aqueous solution. Its curative effect 
closely resembles that of salvarsan. The phos- 
phamic acid deriwitive of salvarsan, first prepared 
b^ Mounoyrat, is also an acidic substance 
♦yielding neutral solutions in aqueous sodium 
carbonate.^ It is known as Galyl (No. 1116 of 
Mouneyrat’s series), and its constitution is as 
follows ; — 

As As 


OH 


NH NH 

\ / 

PO(OH) 



OH 


(4 : if-bihydroxyarscnohcnzcnc-'^ : 'd' -phosphamic 
acid). 

Ludyl (‘ 1151 ’ of Mouneyrat’s scries). 
Bmzme.-m-Z' : '6'-disulphamino-bM-amino- 
4 : 4t -dihydroxyarsendbenzene 


ho/ \As : As/ \0H 

•nh\— / \— / 

NHjj 

O' 


SO 

.so,Nii ; — 


HO\ 


OH 

NH„ 


a yellowsh powder also resembling neo-sal - 
varsan in its chemical properties and thera- 
peutic action. 

Co-ordination cocnpoimds of metals with 
arsenoaryj compounds were first discovered and 
investigowsd by Ehrlich, who made known his 
results at the International Congress of Medicine 
held in London in 1913. Hariysz shortly after- 


wards made similar observations, and since the 
first communication was made a very large 
number of these complexes have been prepared 
and examined. The arsenoaryls giving the 
best results so far are arsenobenzene, salvarsan, 
and neosal varsan, and of these the copper co- 
ordination compounds are isolated most readily, 
w’hilst the silver co-ordination compounds show 
the greater promise in therapeutics. 

The most important of these compounds so 
far jiroduced is that derived from salvarsan, 
silver bromide, and antimony. It is the silv r 
bromide antimonyl sulphate co-ordination com- 
pound of salvarsan liaving the formula : 

[C\2H,3(),N2As,l2Agllr,Sb0(H,80,)3. 

Tho name Lx a) (pi has been given to this 
substance, and it promises to bo very efficacious 
in protozoal diseases, liaving much more marked 
trypanocidal properties than salvarsan, with no 
increase m toxicity. Luargol is insoluble in 
water, and is rendered soluble by caustic soda 
(0-4 gram of NaOlf fo CO gram of drug). It is 
preferably injected intravenously, ill-effects are 
produced by siibciiianeous application. 


Misc’ell\neous Oroank’ Derivatives of 
Arsenic, 


Di camphorylarsi n ic a c id 

\ * r 0 

/CH— As— {^H. 




CO OH CO^ 


';ChH,. 


A condensation product of sodium, camphor 
and arsenic trichloride, consists of colourless 
transparent prisms ; m.}>. 266^ (with decompo- 
sition) ; ] 86 0° ; practically insoluble in 

water or petroleum, more soluble in benzene, 
freely soluble in chloroform or alcohol (Morgan 
and Micklethwait, Chem. Soc. Trans. 1908, 93, 
2146; 1909, 95, 1470; Morgan and Moore, 
(ihern. Soc. Trans. 1910, 97, 1699). 

Tricamphorylarshiic acid 


kH,/T]As. 

L coJ., 


/UH 

OH 


\ 


is obtained from the final mother liquors of the 
above preparation after systematic fractiona- 
tion, the ultimate product being a brown 
amorphous solid very soluble in bon/.ene, 
alcohol, or acetic acid, and recovered from these 
solvents as a viscid mass (Morgan and Micklo- 
thwait, lx.). 

Cyclic derivatives of arsenic liavc been ob- 
tained recently (CriiUiner and Wiornik, Ber. 
1916, 48, 1473; 1916, 49, 437; Lappo, Bull. 
Soc. chim, 1916 [iv,] 19, 151, 290) by employing 
the Grignard reaction ; phcnylryclopentamethyi- 
enearsine (1.) and 7nethyhy(Aopentamethylene-. 
arsine (II.) : 


CH2CH2. 


.As'CeHa 


CH, 


CH2CH/ 

II. 


"As'CH, 


Arsenical derivatives of thiophen may be 
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synthesised by the use of organo-meroury com- 
pounds as employed by Michaelis in his earlier 
work (Michaelis, Annalen, 1880, 201, 196: 
1902, 320, 272). 

Thienylarsenious chloride (I.), Dithienyl- 
arsenious chloride (II.), and Trithienylarsine (III.): 
ch-c;h rCH-Clll 

CH U-AsCI, [i-ff c- A>C1 

L \s/ -I. 

1- II. 

CH-CII 1 

!l !l 

CH (j — As 
\s/ -J3 
in. 

are obtained as succe.ssivo fractions from the ! 
nitrate when arsenious clilorido and mereuri- 
dithieiiyl are allowed to react under caretiilly 
regulated conditions (Stcinkopf, with Baner- 
meistor, Annalen, 1917, 413, 331). 

^ This reaction was first, studied by Kinzc and 
Furlolti (Cazz chiin. ital. 19ir> |ii. | 4.'), 280, 290 
who oxidised the two cliloro- compounds to the i 
corresponding Uiiciiylarmiuc and dithicnylarniuic 
acids. 

^Strontium < hloioarsinohclmiolate 

H3()03As01C, ^ 

a colourless amoi’jihous pi*!Cipitato introduced 
into pharmacy under the name of Elarson, and 
giving good clinical results in anieniia, is pro- 
pared by heating together behenolic acid and 
arsenious chloride at 140', the additive com- 
pound being then treated successively with 
aqueous caustic alkali and methyl- alcoholic 
strontium chloride containing ammonia. In 
this process arsenious chloride is added to the 
triple linking of bohenoiic acid (E Fischer, 
Annalen, 1914, 403, 109) 

(J— (J — 

II II 

01 Astda Cl AsO 

Protein combinations conlainimj arsenic.— 
Insoluble combinations containing firmly 
attached arsenic which does not give the 
ordinary analytical reactions of the element 
are produced by dissolving albumin from white 
of egg in acetic anhydride, and by adding 
successively to the solution phosphoric anhydride 
and arsenious chloride. The protein precipitate 
is freed from phosphoric and arsenious acids by 
washing wth water (Guezda, D. R. P. 201370). 

Arsenical preparations insoluble in the gas- 
tric juices are produced by adding arsenious chlor- 
ide to gliadin or gldenin suspended in alcohol. 
The final product is soluble in hot water and 
contains 4'3 p.c. of arsenic (D. R. P. 214717). 

Soluble stable combinations of salvarsan 
base and proteins have been recommended for 
use in therapeutics (D. R. P. 2G1642) ; they are 
prepared by dissolving in alkali the additive 
compounds of salvarsan, and the alkali salts of 
lysalbio and protalbic acids or similar protein 
acids. The reacting alkali salts are precipitated 
by alcohol-ether or obtained by concentration 
in vactid. 

Thb Use of Oeganic Absjinicals in 
Chemical Warfaee. 

The 0 f anio arscnicals chiefly employed in 
the chemical offensive of the Great War were 


aromatic arscnicals containing tervalent 
arsenic. These compounds had very disagree- 
able physiological properties and functioned as 
lachrymators, stemutators and rospiiatory 
irritants. Diphenylarsenioua chloride {diphenyl- 
chloroarslne) possessed these irritating properties 
in a very marked degree. It was ]jlepared for 
this purpose by heating triphenylarsine (2 raols.’l 
and arsenious chloride" (1 mol.) at 300° in auto- 
claves. The by-product of thi.s reaction, phenyl- 
arsenious chloride^ was also a rv^spiratory irritant 
and had a vesicating action on the skin. It 
was .separated by fractional distillation from 
(hphenylarsenious chloride. 

Alternatively plKiiylarsinic acid was pre- 
pared from sodium arsenilc and benzenedia- 
zonium chloride in pro.sence of cojipor sulphate 
(Barts reaction'. Thi.s a«id, reduced with 
Hulphuroas acid in the pioseiico of hydrochl^io 
acid, gave risi' to plienvlarscnious chloride, 
latter compound dis.solved in aqueous sodium 
hydi Oxide and treated with benzenediazoniura 
chloride fuimslied diphenylarsinic acid, which 
on reduction with sulphurous and hydrochloric 
acids yielded diphenylarsenious chloride. The 
overall yield by thcHe jirocesses varied between 
24 and 3(> per cent. The foregoing repetition 
of the Bart reaction was avoided by a combina- 
tion of the Michaelis and Bart method leading 
to diphciiyl-arsonious chloride whin triphenyl- 
arsim is heated to 300° witli phony lax's cnio us 
chloride. 

Diphenylarsenious cyanide (CgH6)aAs-CN, of 
which large quantities were employed in the 
later stages of the war. was manufactured by 
dige.sting diphonylarsemous chloride with a 
warm concentrated aqueous solution of sodium 
or potassium cyanide. Jt was obtained in 
colourless crystals un iting at 1^1°. 

Till! aromatic arsenicals containing qiiinque- 
valent arsi'nic, such as triphonylar8ine^ohloride,i 
when vapourised by heat, behaved as ster- 
nutatovs and re.spiratory ii'ritants; but this 
effect was probably due to the formation of 
compounds of tervalent arsenic akin to 
diphenylarsenious chloride. The corresponding 
organic antimonials, although irritant and lethal, 
offeied no advantages over the aromatio 
arsenicals. 

The aliphatic arsenicals of the cacodyl and 
alkyl arsenious chloride scries were found to be 
respiratory irntants and lethal agents, methyl- 
arsenious chloride, ethylaiscnious chloride and 
cacodyl cyanide being among the most toxic. 
Methylarsenious chloride was manufactured in 
America by methylating sodium arsenite with 
tlimethyl sulphate, reducing the resulting sodium 
raethylarsinate to methylarsenious oxide, and 
treatii^ this oxide with hydrogen chloride. 
Ethylarsonioua chloride, manufactured atHochst 
and Imdwigshafen, was prepared by a similar 
series of processes, starting from sodium arsenite 
and ethyl chloride (Joum. Indust. Engin. Clem. 
1919, 11, 106, 826). But on tlie whole these 
aliphatic derivatives were not more effective in 
producing casualties than the above-described 
aromatio arsenicals. 

Re&ftofirmp/iv.— Organic Compounds of Ar- 
senic and Antimony, G. T. Morgan. •London. 
1918. Handbuch der Organisefien Arsenverbin- 
dungen, A. Bertheim. Stuttgart. -4913. Die 
Aromatischo Arse^iverbindungen, H. Sobmidt. 
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Berlin. 1912. Dir Arssneimittel iSynfchese, S. 
Fracmkel. Berlin. 1912, 663. Salvaraan or 
‘ 606 ’ (Dioxydiaminoareenobenzol). Ith Che- 
mistry, Pharmacy, and Therapeutics. (W. H. 
Martindalc. London. 1911.) Chimie et toxi- 
oologie de I'arsonic et do ses composes.’ A 
Valoure. Btaris. 1904. G. T. M. 

ARGATOXYL. 8ilvor-p-aniinof)henyl arse- 
nate. 

ARGOCHROM. Silver methylene blue. 

ARSALYTE. Dimethyl amino tetramido 
arsenobenzeno. 

ARSAMl^AL. J apano.se name for salvar.san. 

ARSENICAL PYRITES or Aifioiiral viutidtc. 
Names commonly u.sed by miners for the miiKTal 
mi^yickel {q.v.) ov (DKcnoptp lU (PVAS), which is 
the principal ore of arsenic. 

ARSENIC MOULD. PoniiUinm, f‘)rrii'(nit(\ 
This organism, first obtained by Gosio, in 
presence of an arsenic compound, form.s dullnil- 
ar6ine AsHfCgHr,).^, to which tJic poisonous gas 
developed by wall-papers containing ai.senic is 
probably due. ’[’he formation of diethylar.sme 
Dy the action of this mould has bciui used as a 
test for arsenu; by Markmaiiii (Chem. Zentr. 

1900, ii. 1187); Galli-Valerio and Strzvzowski 

{ibid. 1901, i. 63). ‘ • 

Panicilhnm brcvicaidc also give.s garlic or 
mercaptan-llkc odours with compounds of 
selenium and tellurium (Maassen, Chem. Zentr. 
1902, i. 1245). 

ARSENOFERRATIN. Sodium arseno-ferri- 
albuminate. 

ARSENOGENE. Trade name for an albu- 
minous preparation of arsciiHi and iron oblained 
by heating pcjitonised ca.sein with ar.sonic acid 
and ferric ammonium sulphate. U.si'd m medi- 
cine (Salkowski, Apoth. Zeit. 1008, 23, 1 14). 
ARSENOPYRITE r. Mi.si ’iriiEL. 

ARSENOTRIf^RRIN. Iron arseno-p- 
nucleinate. 

ARSEN-PHENOLAMINE. Syn. for salvar- 

san. See Arsenicals, Okc.ani(\ 

ARSINE. Ar,<tf?Hr inhydri.de (r. Arsenic), 

ARSINOSOLVINE. Sodium salt of ammo- 
phenylarsenic acid. 

ARSPHENAMINE. U.S. Pharm. title for 
sitlvQ*rs£tii 

. ARTARINE m.p. 240", i.s an 

amorphous alkaloid from Ar ar-root of Xanlhoxy- 
lon senegalense. The hydrochloride B,H01,4HjO 
forms yfillow needle.s, very little soluble in water 
(Giacosa and Soave, Gazz. cliim. ital. 1889, 19, 
303). 

ARTEMISIN. An alkaloid isolated by Merck 
from the mother liquors obtained in the prepara- 
tion of santonin from the seeds of Artemisia 
maritima. Foim.s colourless crystals ; m.p. 
200° ; sparingly soluble in water, more soluble 
in alcohol ; 84*3°. With hot soda solution 

gives a carmine-red solution, colourless on 
oooliim. Gives an oxime with hydroxylamine, 
and a nydrazone with phenylliydrazine (Bertolo, 
Pharm. J. 11K)2, 489; Freund and Mai, Ber. 

1901, 3717 ; cf. Wedekind and Koch, Ber. 
1906,, 184§) (v. Santonica). 

ABTERENOL. Trade name for o - 1 )ih yd roxy • 
phenylaminomethyl * carbinol hydrochloride. 
K, AdreSJamne. 

ARTKmOKB. Three vegetables are known 
Ijy this (1) the Globe artichoke— the 

flower head of Cynara scolymud / (2) the Jerii 


Salem artichoke — the tuber of Mdianthua 
tvberoaus ; (3) the Japanese or Chinese artichoke 
— called also Chorogi — the tuber of Stachya 
tvberifcra. 

The following are analyses of the tubers of 
the two latter : — 

Carbo- 

Water Protein Fat hydrates Ash 

Jerusalem arti- 
choke . . 79-5 2-6 0-2 16*7 1*0 

Stachys tuberifora 78*05 4*, 32 0*1 G 14*63 1*21 


(Strohmer and tStift, Bied, Zontr. 21, 820.) 

'J'ho ‘ protein ’ of the Jerusalem artichoke 
includes much material other than true proteid ; 
the carbohydrates comsist largely of inulin and 
leviilm. 

According to Taiirot (Compt. rend. 1893, 117, 
50), two other carbohydrates — helinnthenin m.p. 
176*, 12(kH,o05-f-3H./), and synanihrin^ m.p. 
170®, 80,11 , oGb+H.^ 0 — arc abo present, and the 
levulm or synanthrose described by other 
observers as occurring'in artichokes, is a mixture 
of aaccharo.se and synanlhrm. 

The tubers of Stachys luberijera contain many 
nitrogenous sulistances of an amide nature — 
qhilamine, tyrosine, arginine, choline, trigonelline, 
and the characteristic body, slachydnne 


\ 


,-Cll..-CH-COv 

.c:h,( • I >0 

N:k,-n(ch3)/ 


The amount of the la.st-named is estimated at 
0*18 p.c. of the dry substance (Schulze and 
Trier, Zoit.sch. ]>hysiol. Chem. 1910, 67, 69). 
The characteristic carbohydrate is stachyose 
Ci8H320,e,3H20 (q.v.). H. I 

ARTOCARPUS BARK. The inner bark 


(bast) of the bread-fruit tree [A. incisa (Linn.)] 
is used by the South Sea Islanders for making 
ropes and clothing. According to Moeller 
(Dingl. poly. J. 231, 463), this fibre would pro- 
bably be a ver}"^ useful one. It can bo obtained 
in largo quantities. 

ARTOCARPUS INTEGRIFOLIA (Linn. f.). 

{Jack Tree) v. Jackwood ; Dyes, Natural, 

ARUM MACULATUM (Linn.). The common 
arum, ‘ wake robin,’ or ‘ lords and ladies,’ ‘ cows 
and calves,’ formerly known as ‘ abron ' janus, 

‘ ramp,’ * starch wort,’ contains a starch which 
was made into a kind of arrowToot in the Isle 
of Portland, and was the active ingredient of 
‘ Portland powder,’ a so-called specific for gout. 
Ocoasionally sold in Paris as a cosmetic, under 
the name of pondre de Cyprt. 

Amorphophallus campanulatua (Blumo) is 
used in India as a vegetable and also in medicine, 
as are other of the Arums. Many of the Aroidese 
act as poisons, their toxic action being due 
apparently to the irritation induced by the 
raphides contained in the cells (Pedlcr and 
Warden, Jour. Asiatic Soc, of Bengal, 67, 2, 
106 ; Stahl ; Pflanzen und Schnecken, Zeitsoh. 
Nat. u. Med. Jena, xxii. N. F. xv. 1888). 

ASAFCETIDAr. Gum resins. 

ASAPROL V. Abrastol. 

ASARUM CANADENSE (Linn.). A plant 
indigenous to North America,' where it is known 
by the names of * Wild Ginger,’ or ‘ Canada 
Snake-root.* The rhizome yields on distillation 
an essential oil used in perfumery, containing a 
phenol CjHijOj, d- and I- pinene, d-linalool, 
-bomeol, l-terpincol, geranioif eugenol methyl 
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ether, a lactone ^ mixture of fatty 

acide, including palmitic and acetic, and a blue 
oil of undetermined composition, consisting of 
oxygenated substances of alcoholic nature 
(Power and Seed, Chom. Soc. Trans. 1902, 
81, 69). 

ASBARG. Asbarg consists of the dried 
flowers and flowering stems of the Delplnnhim 
zalil, which is found in great quantity in Afghani- 
stan, The dyestuff is collected and taken to 
Multan and other Punjab towns, from which it 
is conveyed all over India. It is or was much 
used in silk-dyeing for the production of a 
Bulphur- 3 rellow' colour known as ‘ gandkaki,’ 
and, together with Daiimi cainiabiua, to obtain 
a similar shade on alum-mordanted silk ; it is 
also used in calico-printing. The flowers, which 
are bitter, are likewise employed medicinally as 
a febrifuge. 

The colouring matters of asbarg are present 
entirely as glucosides, and are best isolated in 
the crude condition by* digesting the boiling 
aqueous extract with a little sul|)huric aeid 
(Perkin and Pilgrim, (^hem. Soc. Trans. 1898, 
298). A brownish-yellow jiowder thus separates, 
which contains three substances : isorhamiuini, 
quercetin, and Icaempfa ol. 

Isorhamuftni (Jic sparingly soluble 

constituent, forms yellow needles, rc*scmbh»g 
rhamnetin in appearance.. With lead rj-etate 
in alcoholic solution, an orange-red precqiitate 
is formed, whilst ferric chloride gives a greenish- 
black colouration. Fused vuth alkali, phloro- 
glucinol and yuiloniicchnic acid arc produced, 
and when air is aspirated through its alkaline 
solution, phlorofjlucinol and vandltc aad are 
obtained. 

With acetic anhydride /.s'orhamnetin gives a 
teira-acelyl derivative C,, Hh 07 (C 2 II 3 ()),, colour- 
less needles, n..p. 195"''-19()" ; and with methyl 
iodide a trimethyl ether, which is identical with 
quercetin tetramrthyl ether. As, moreover, by 
the action of hydriodic acid ?sorhamnctin yields 
quercetin, its constitution can only be repre- 
sented as follows : — 



The dyeing properties of worhaninttin are 
similar in character to those given by kaempferol. 
t«oRhamnetin i,s also present in yellow wallflowers 
{Cheiranthun che.iri) (Perkin and Hummel), and 
in red clover flowers, Tr (folium prutense (Power 
and Sal way, Chem. Soc, Trans. 1910, 97, 246). 
A description of the mefre soluble colouring 
matters quercetin {quercitron hark) and kaemp- 
ferol {Delphinium eouHolida) is given elsewhere. 

In d^'eing properties asbarg closely resembles 
quercitron bark, but yields with aluminium 
mordant a purer or less orange -yellow. It is, 
however, a much weaker dyestuff, having but 
36 p.c. the dyeing power of quercitron nark. 
The colouring math r of the flowers, apart from 
the flowering stalks, is present to the extent of 
3*47 p.c. 

The stems and flowers of the D. sanicula:- 
folium gives shades analogous Co, though some- 
what weaker than, those yielded by the D. zalil. 

A. G. P. 


ASBESTOS, from ia^earos, *unquenohed.* 
Both in ancient and modem times various 
silicate* minerals, closely resembling one another 
in their finely fibrous texture and flexibility, 
have been and are still confused under this 
name. The same is true also of the name 
‘ amianthus ’ or ‘ arainatos ’ {hpiivros, * un- 
defilcd,* because not injured by fire). They are> 
therefore, collective names of no more definite 
signification than the adjective ‘ asbestiform,’ 
Mineralogists are, liow'evcr, agreed in limiting 
the name asbesto-s to the fibrous forms of horn* 
blende, but this limitation is not generally 
observed. Any ambiguity may be avoided by 
using the tenn.s ainphibole-asbestos (or horn- 
blende-asbesto.s), serpentine-asbestos, &o., for 
those asbestiform minerals. The finely fibrous 
texture is, of course, an accidental character of 
the mincrul sficcies, depending on the enormous 
elongation in one direction of the individual 
crystals which form the aggregate. Such a 
character might, indeed, bo assumed by many 
kinds of minerals ; but it is only the following 
that are of any importance in this connection - 
Tremolite, CaMgg( 8 i 03 ) 4 . 

Actinolite, C’a(Mg,Fe).,(Si 03 ) 4 . 

Orocidolite, NaFe"'(Si 03 ) 2 'Fe"Si 03 , 
Anthojihyllite, (Mg.FfOSiOj. 

Serpentine, HiMgaSi^O^. 

Palygorskito group! /wll gMg2Si,0t* 

(pilolite, &c.), j \mll 2 AT 2 Si 4 ()i 2 , 6 H 20 . 
The first two of those differ only in the 
relative proportions of the mutually replaceable 
magnesium and ferrous iron (and consequently 
also in their colours, which are white and ^een 
respectively), and they are merely varieties of 
the species amphibole or hornblende. Crooi- 
dolito is another species of the amphibole 
group of minerals, crystallishig in the mono- 
clinic system, and also with an angle of 66 ® 
between its prismatic cleavages. It is known 
in the trade as ‘ blue asbestos,’ and it gives 
the name to the Asbestos Mountains in South 
Africa, where it is found. Whilst hornblende 
is more frequently found# as stout orystaia 
and compact masses, orocidolite, oir the other 
hand, is as yet knovm only in the finely fibrous 
form. Anthophyllite also belongs to the 
amphibole group, but is orthorhombio io 
crystallisation. Rome of the asbesto.*! mined in 
the United States (Georgia and Idaho) is of 
this kind. Serpentine occurs in nature as large 
rock-masses, and the compact rock is frequently 
I traversed by veins of fibrous material of thSe 
I same composition ; the latter is known to 
mineralogists as chrysotile, and in the trade as 
‘ asbestos ’ or ‘ ('anadian asbestos.’ In the 
minerals of the palygorskite group (A. E. Fers- 
man, Bull. Acad. Sci. St. Petersburg, 1908, ii, 
256, 637) the fibres rarely show a parallel 
arrangement, but are more usually matted and 
interwoven, giving felted masses known as 
‘ mountain-leather,’ ‘ mountain-cork,’ and 
‘ mountain- wood.’ It is, however, to be remem- 
bered that these trivial names may also b© 
applied to similar aggregates of fibrous amphi* 
bole. • 

From a practical point of view, the most 
important oi these are tremolite'CLmestoa and 
serpentine-ashestos; 'whiah in the trade are known 
as ‘ Italian asbestos ’ and ‘ Canadian asbestos ' 
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respectively. The former is met with as 
aggregates or bundles of white or greyish fibres, 
sometimes several feet in length, usually arranged 
parallel to the surfaces of crevices in the meta- 
morphic and crystalline rocks of mountainous 
districts. It is mined in the Alps, Urals, and 
Appalachia^. The supply is limited and un- 
certain, and the hardness of the enclosing rocks 
makes mining difficult. The principal mines 
are those in the north of Italy, m the Susa and 
Aosta valleys in Piedmont, and the Valtellina 
in Lombardy. These are, however, now of 
little importance, since the use of hornblende- 
asbestos nas been largely replaced by serpentine- 
asbestos. 

Serpentine-asbestos, or chrysotile, occurs in 
small veins forming an ii-regular network in 
serpentine-rock. It has in the closely com- 
peted mass an oil-ycllow or greenish colour 
with a pronounced silliy lustre and a certain 
degree of translucency. When rubbed or 
crushed, it readily 8cparat(?s into white cottony 
fibres (pierro a coton of the French -Canadians). 
The fibres are arranged [icrpcndicularly to the 
walls of the vein, and are usually only an inch 
or two in length, never exceeding 0 inches. 
The mineral usually contains 2-3 p.c. FeO 
isomorphously replacing magnesia. Chrysolite 
is found at all the localities where serpentine- 
rock occurs {e.g. the Lizard district in Cornwall), 
and it is extensively mined in Canada, Russia, 
South Africa, and the United States. Of these 
the most important are the C!anadian deposits, 
whiffi have been worked since 1878 The 
mining districts arc near the villages of Thetford, 
Black Lake, J^ast Broughton, and Danville m 
Quebec ; and extend over the United States 
border into Vermont. The mineral is also 
mined in Arizona and (.California. In Russia, 
the principal deposits are in the Ural Mountains, 
in the neighbourhood of Ekaterinburg and 
Orenburg ; and there are others in the Caucasus. 
Recently, rich deposits have been opened up in 
Rhodesia in the Viotoria and the Gwolo districts,, 
and in the Caroline district m the Transvaal. 
The asbestos quarried by the ancients at 
Karystos in Euboea (Karystian stone), and in 
Cyprus, was also a serpentine-asbestos (J. W. 
Evans, Mineral. Mag. 1906, xiv, 143 ; Geol. 
Mag. 1909, vi, 280). He suggests the name 
Karydi(^ite as an alternative for chrysotile, 
owing to its confusion with chrysolite — a synonym 
of olivine). It was used for wicks in the per- 
petually burning lamps of the temples ; and 
was woven into napkins, which could be cleansed 
by fire, and into cremation shrouds. 

The blue asbestos or crocidoUte {q.v.) of 
South Africa has during the last twenty years 
become of commercial import anco and has been 
mined in increasingly largo amounts. It occur-i 
as layers interboddod in the brown jasper i and 
ironstones of the lower portion of the Pretoria 
series of sedimentary rocks, and is quarried or 
mined as slabs in winch the fibres of the mineral 
run perpendicularly or somewhat obliquely to 
the sunaces. The belt of crocidolite- bearing 
rocks extends for a distance of about 300 miles, 
with a width of 4-21) miles, from the Orange 
River tllltough the Asbestos Mountains in 
Griqualada West into Bechuana Land. Beauti- 
ful silky, loose fibrous material is known from 
Cochabamba in Bolivia. . 


These various kinds of asbestos differ some- 
what in their resistance to acids and heat. 
Chrysotile is decomposed by hydrochloric and 
sulphuric acids ; at a red heat {but not below) 
it loses water, and the fibres can be fused in the 
bunsen-flame. Trcmolite-asbestos is not at- 
tacked by acids, and it is more difficultly 
fusible. On the other hand, the fibres of 
chrysotile are more flexible and more suitable 
for textile purposes, (h'oeidolito is readily 
fusible to a black magnetic glass, but it has the 
advantage that it is but slightly attacked by 
acids, chemical solutions, and sea-water. It 
possesses a greater tensile strength and is more 
elastic than chrysotile ; and is further a good 
insulal.or for heat and electricity. I^otwith- 
standing these differences, these varieties of 
asbestos arc put to much the same uses, but 
serpentine-asbestos is employed in far larger 
quantities. 

Spun asbesto.s is largely used for steam 
packings, fireproof cfnrtains ; and as cloth, 
twine, and rope it finds a variety of applica- 
tions. As an insulating material, asbestos 
fibre is used for coating steam and hot-water 
pipes and cold-storage plants ; and as a lining 
in safes, stoves, and furnace(5. For use as a 
constructional fireproof material, it is made 
into bricks, boards, millboartls, plasters, and 
painik, being often *mxed with other materials. 
The so-called ‘ asbestic,’ largely used for wall 
plaster, is prepared by grinding the poorer 
material and waste, which cunsi'-ts of narrow 
veins of asbestos still enclosed in the serpentino- 
rock. Ill the laboratory, asbestos is used for 
filtering (a pure white tremohtc-asbostos being 
best for this purpose), for stoppings in com- 
bustion tubes, and in the form of card for 
supports. Asbestos paper or twine, soaked in 
sodium silicate and afterwards treated with 
calcium chloride solution, can be used for 
repairing gloss apparatus. 

lieJcreMces. — F. Cirkol, Chrysotile-asbestos, 
its Occurrence, Exploitation, Milling, and Uses 
(Mines Branch, Ottawa, end edit., 1910) ; R. H. 
Jones, Asbestos (London, 1890), and Asbestos 
and Asbestic (London, 1897) ; G. R. Merrill, 
Asbestos and other Asbestiform Minerals (Proc. 
U. S. Nat. Museum, 1895, xviii, 281), and Non- 
metallic Minerals (New York, 1910) ; H. Rios, 
Economic Geology (New York, 1916) ; Pro- 
duction and Uses of Asbestos (Bull. Imp. Inst, 
1905, iii, 277) ; The Technical Preparation of 
Asbestos {ibi(L 1908, vi, 393) ; J. S. Diller. 
Mineral Resources of the United States, for 
1915, 1916, ii, 13 ; H. F. Olds, Blue Asbestos 
[Crocidolite in South Africa] (Trans. Inst. 
Mining and Metall. 1899, vii, 122) ; 0. B. 
Hopkms, Mineral Industry (New York, 1916, 
1017, XXV, 62) ; and Bull. Gcol. Survey, Georgia, 
1914, No. 29; G. E. B. Frood, The dape 
Asbestos Industry [Crocidolite] (Ann. Rep. 
Govt. Mining Engineer, Dept, of Mines, S. 
Africa, 1915 ; and S. African Mining Journ. 
1016) ; P. A. Wagner, Asbestos in Soutn Africa, 
(S. African Journ. of Industries, 1917, i, No. 3) ; 
A. L. Hall, Afibestos in the Union of South 
Africa (Geol. Survey, 1018, Mem. No. 12). For 
an account of Jbhe Canadian asbestos industry, 
see J. Roy. Soc. Arts, 1913, 62, 36). 

L. J. S 

ASDUANA V. BaiPELu bass.. 



ASH. 


ASJSJniM, Trade name tor a mixture of 
hydrogen peroxide, boric acid, and salicylic acid; 
used as an antiseptic. 

ASEPTOL. Trade name originally given to 
a solution of o-phenolsulphonic acid CgH^fOH) 
SO3H, It is a thick reddish fluid, of 1*45 sp.gr., 
having a faint odour like phenol. Occasionally 
called sozolic acid. It is an antiseptic, but does 
not possess the poisonous action peeiihar to 
phenol, and is therefore re(‘om mended for 
surgical and ophthalmic operations (Ohem. 
Zentr. 1884, 720). 


S9.7 

tion of the amount and composition of the ash 
of aniipal and vegetable substances, though, 
perhaps, inadequate to ascertain the exact 
nature of the inorganic constituents of the 
organised bodies, affords valuable information 
as to their fitness as foodstuffs, an«i as to the 
needs of animals or plants. 

In the process of incineration, there is great 
danger of loss of chlorides of potassium and 
sodium by volatilisation, also of reduction of 
phosphates and 8ul])hatos by the reducing action 
■ of the hot carbon. Berthclot proposed to over- 


The aseptol of Merck is p-phenol sulphnnic j come these difficulties by heatimj*in a 


acid mixed with about (> p.c. of the o-acid 
(Obermillcr, ('hem. Zenlr. 11M)7, lfil5). 

The name is also given to a preparation con- 
taining from 0’2fi to 10 parts pota.ssiuni oxy- 
quinoline sulphate, 0’5 to 10 parts soap, dissolved 
in 1000 ]>arts of water, mixc'd with tcrpiiK'ol or 
other aromatic substances, ami occasionally 
glycerol (Pliarin. 'Ant. 18^7, 770) 


of oxygen, the substance to bo incinerated being 
previously mixed with a known weight or 
sodium carbonate ((krnipt. rend. 128, 23; cf. 
Hoberts, Analyst, 1018, 254). 

Shuttleworth (('hem. ZenCr. 1890, ii. 114)^ has 
suggested the addition of calcium acetate -lin 
onler to prevent the sintering which is so often 
an obstacle to complete incineration, and has 


Aseptol is also the name given to an ill-defined I devised a special platinum vessel in order to 
mixture of phenyl ethers and sulplionated | prevent loss of chlorides by volatilisation, and to 
phenols, obtained by the ai'tion of sulphuric 1 ha.sten incineration. A modified form of this 
acid on jihcnol in presence of alcohol (Tnllat, ' apparatus is described by Tucker (Ber. 32, 2583). 


J. Soc. (diem. Tnd. 1892, 1028). 

ASFRAX or Tiai/nmana. An Indian drug, 
consisting of the flowers, flower-stalks, and iin- 
maturc fruit of a species of l)rlp!iintnm Used 
in Bombay a.s a niedieine, ftnd as a yellow dye 
for silk (Dymock, Bharm. fOl). 

ASH. 'rbis.term is sometimes used to denote 
the inorganic or mineral matter contained in any 
substance, but more generally refers to the 
residue left oil completidy burning or incinerating 
it. The two meanings are not necessarily the 
sarric, since in any animal or vcgi'table substance 
the inorganic constituents arc usually present in 
very different states of combination to those in 
which they occur m the residue loft when the 
substance is completely oxidised. 

To ascertain the exact amount and com- 
position of the inorganic matter present in any 
organic substance is often a matter of con- 
siderable difficulty, and, in many cases, is 
impracticable. 

d'he terra ‘ ash ’ should be used, therefore, 
only in the second sense given above. 

Most animal and vegetable substances leave, 
on combustion, a residue containing the follow- 
ing constituents in varying proportions : — 

Acidic Basic 

Chlorine Sodium 

Carbon dioxide Potassium 

Sulphur trioxido Calcium 

Sulphur Magnesium 

Phosphorus pentoxide • Iron 

Silica Manganese 

Other constituents, generally in small quantities, 
are also often present. 

In the original substance the greater portions 
of the basic constituents in the above list are 
probably present in combination with organic 
acids, and, consequently, are left in the aah as 
carbonates (often largely the case with potash 
and soda) or as oxides {e.g. portions of the lime, 
magnesia, oxides of iron, ana manganese) ; while 
the carbonates, sulphates, and phosphates are, 
in many cases, derived from organic combina- 
tions of carbon, sulphur, and phosphorus exist- 
ing in the original substance. The determina- 


A convenient method of minimising the loss 
of chlorides by lolatilisation is to char the 
substance thorouglily at a moderate temperature, 
then cool and extract the black residue with 
water, filter off the soluble matter, and complete 
the incineration of tlio residue after drying. 
When all black particles have disappeared, the 
re.sidue is nlloMcd to cool, the aqueous extract 
added, evaporated to dryness, and then 
moderately heated. Addition of ammonium 
nitrate to the black char hastens the combustion 
of the carbon. 

Ash of animals. The proportion of ash con- 
stituents present in the whole body of an animal 
dtjiends largely upon its condition, being greater 
in loan than in fat animals. According to tha 
Rothamsted experiments, the following table 
gives the average proportions of ash and of ita 
main constituents in the whole bodies of various 


farm animals in 

a fatted ooTjdition 



— 

Total 

Phos- 

phoric 

acid 

PiOs 

Lime 

CaO 

Mag- 

nesia 

MgO 

Potash 

K2O 

Fat calf 

3-9 

1*54 

1-65 

0-08 

0-21 

Half-fat ox . 

5-1 

1-84 

211 

009 

0-21 

Fat ox . 

4-2 

1-56 

1-79 

006 

0*18 

hat lamb 

3-2 

M3 

1-28 

0'06 

0'17 

Store sheep . 

3-3 

M9 

1-32 

0*06 1 

OIT 

Fat sheep 

3-0 

1-04 

M8 

0'05 

0*15 

Store pig 

2-8 

1*07 

1-08 

0*05 

0*20 

Fat pig 

1-7 

0-65 

0-64 

0*03 

0-14 


The other constituents of the ash consist 
chiefly of sodium, clilorine, fluorine, iron, man* 
ganese, iodine, and silica. 

The bones and teeth contain the greater part 
of the phosphoric acid, lime, ncagnesia, and 
fluorine; potash is present largely in muscle, 
blood, and many of the seoretioniy s^ium, 
chlorine and iron are largely preset in the 
blood and the accretions, while iodine is mainly 
accumulated in the thyroid gland. 

(For the amount and composition of the ash 



Th© following table, compiled chiefly from Wolff’s analyses, gives the average proportions 
of ash and of its chief components in various fresh or air-dried agricultural products. 

100 parts of the substance contain ; — 


Sub'kaace 

Water [ Ash 

K2O 

Na20 

j MgO 

(laO 

P2O5 

SOs 

SiOa 

Cl 

8 





I 

Green Fodder. 






Meadow grass 


70-0 

2-33 

0-60 

0-16 

0-11 

0-27 

0-15 

0-12 

0-69 

0-19 

0-06 

Rye grass ^ . 


70-0 

213 

0-63 

0-09 

0-05 

0-lG 

0-17 

0-08 

0-84 

0-11 

0-07 

Timothy grass 


700 

2-10 

O-Gl 

O-OG 

0-08 

0-20 

0-23 

0-08 

0-75 

0-11 

0-08 

Oats, in blossom 


77-0 

1-66 

0-65 

O-OG 

0-05 

0-11 

0-14 

0-05 

0-55 

0-07 

0-04 

Barley, „ 


08-0 

2-25 

0-59 

0-01 

0-07 

0-14 

0-22 

0-07 

1-08 

0-08 

0-07 

Wheat, „ 


69-0 

2-17 

0-56 

0-01 

0-05 

0-07 

0-16 

0-04 

1-23 

0-06 

0-06 

Rye fodder . 


70-0 

1-G3 

0-63 

0-01 

0-05 

0-12 

0-24 

0-02 

0-52 




Red clover . 


80-0 

1-34 

0-46 

002 

0-16 

0-4G 

0-13 

0-04 

0-04 

0-05 

0-05 

White clover . 


81*0 

1-3G 

0-24 

0-11 

0-14 

0-44 

0-20 

0-12 

0-06 

0-04 

0-06 

Lucerne 


75-3 

1-7G 

0-45 

0-02 

0-10 

0-85 

0-15 

0-11 

0-04 

0-03 

0-08 

Sainfoin 


78-5 

MO 

0-4G 

0-02 

0-07 

0-37 

0-12 

0-04 

0-05 

0-03 


Green vetches 


82-0 

1-57 

0-66 

0-05 

0-11 

0-41 

0-20 

0-06 

0-03 

0-05 

0-03 

Potato tops . 


77-0 

M8 

0-07 

0-01 

0-27 

0-55 

0-06 

0-06 

0-05 

0-04 

0-05 

Mangold tops 


90-7 

1-48 

0-43 

0-31 

0-14 

0-17 

0-08 

0-11 

0-07 

0-17 

0-05 

Sugar-beet tops 


89-7 

1-80 

0-40 

0-30 

0-33 

0-.30 

0-13 

0-14 

0-06 

0-10 



Turnip tops . 


89-8 

1*40 

0-32 

-0-11 

O-OG 

0-45 

0-13 

0-14 

0-05 

0-12 

0-05 

Chicory tops . 


85-0 

1-87 

M2 

0-01 

0 00 

0-27 

0-17 

0-17 

0-02 

0-03 


Carrot tops . 


80-8 

2-01 

0-37 

O-GO 

0-12 

0t8G 

0-12 

0-21 

0-15 

0-19 

0-14 

Cabbage heads 


88-5 

1-24 

O-GO 

0-0.5 

0-04 

0-19 

0-20. 

0-11 

0-01 

0-03 

0-06 

Kohl-rabi tops 


85-0 

2-53 

0-36 

010 

010 

0-84 

0-2G" 

0-30 

0-26 

0-10 

— 





II. Ilay and Straw* 






Meadow hay . 


14-4 

6-66 

1'71 

0-47 

0-33 

0-77 

0-41 

0-34 

1-97 

0-53 

0-17 

Red clover hay 


10-0 

6-G6 

1-95 

0-09 

0-69 

1-92 

0-56 

0-17 

0-15 

0-21 

0-21 

White clover hay 


16-0 

6‘03 

1-OG 

0-47 

0-60 

1-94 

0-85 

0-53 

0-27 

0-19 

0-27 

Lucerne hay . 


10-0 

C-00 

1-52 

0-07 

0-35 

2-88 

0-51 

0-37 

0-12 

0-11 

0-26 

Sainfoin hay . • 


lG-0 

4-53 

1-79 

0-08 

0-20 

1-46 

0-47 

0-15 

0-18 

0-14 


Oat hay 


14‘5 

6-18 

2-41 

0-20 

0-20 

0-41 

0-51 

0-17 

2-05 

0-25 

0-16 

' ‘ Wheat straw . 


141 

4-26 

0-49 

0-12 

0-11 

0-2G 

0-23 

0-12 

2-82 



0*16 

Rye straw 


15-4 

4-07 

0-76 

0-13 

0-13 

0-31 

0-19 

0-08 

2-37 



0-09 

Barley straw . 


14-0 

4-39 

0-93 

0-20 

0-11 

0-33 

0-19 

0-lG 

2 30 



0-13 

Oat straw 


141 

4-40 

0-97 

0il3 

0-18 

0-36 

0-J8 

0-15 

i 211 



0-17 

Maize straw . 


14*0 

4-72 

1-06 

0-05 

0-2G 

0-50 

0-38 

0-25 

1-79 



0-.39 

Pea straw 


14-3 

4-92 

1-07 

0-2G 

0-38 

1-8G 

0-38 

0-28 

0-28 

0-30 

0-07 

Field bean straw 


18-0 

5-84 

2-59 

0-22 

0-46 

1-35 

0-4J 

0-01 

0-31 

0-81 

0-22 

Buckwheat straw 


10-0 

5-17 

2-41 

O-Il 

0-19 

0-95 

0-Gl 

0-27 

0-28 

0-40 


Flax straw . 


14-0 

319 

M8 

0-16 

0-23 

0-83 

0-43 

0-20 

0-22 

0-15 

0-14 

Flax, whole plant 


25-0 

3-23 

M3 

0-15 

0-29 

0-50 

0-74 

0-10 

0-08 

0-19 


Hop, .. „ 


25-0 

7-40 

1-94 

0-28 

0-43 

1-18 

0-90 

0-.38 

1-59 

0-34 

0-20 

Hops . 


120 

5-98 

2-23 

0-13 

0-21 

1-01 

0-90 

0-lG 

0-92 

0-02 

0-48 

Tobacco 


18-0 

19-7.5 

5-41 

0-73 

2-07 

7-31 

0-71 

0-77 

1-92 

0-88 


Heather 


20-0 

3-Gl 

0-48 

0-19 

0-30 

0-G8 

0-18 

0-lG 

1-27 

0-08 



Broom . 


16-0 

4-89 

0-69 

0-06 

0-28 

0-32 

O-IG 

0-07 

0-19 

0-06 



Fern . 


lG-0 

5-89 

2-52 

0-27 

0-45 

0-83 

0-57 

0-30 

0-36 

0-60 



Reeds . 


18-0 

3-85 

0-33 

0-01 

0-05 

0-23 

0-08 , 

,0-11 

2-75 





Sedge 


14-0 

6-95 

2-31 

0,51 

0-29 

0-37 

0-47 

0-23 

218 

0-39 



Rush .* , 


14-0 

4-56 

1-67 

0-30 

0-29 

0-43 

0-29 

0-40 

050 

0-65 

— 





III. Root Crops* 







Potato . 


76-0 

0-94 

0-50 

0-01 

0-04 

0-02 

0-18 

0-06 

0-02 

0-03 1 

0*02 

Artichoke 


80-0 

1-03 

0-07 

— 

0-03 

0-04 

0-16 

0-03 


0-02 


Mangold 


88-3 

0-80 

0-43 

0-12 

0-04 

0-04 

0-08 

0-03 

0-02 

0-06 ] 

0*02 

Sugar beet . 


81-G 

0-80 

0-40 

0-08 

0-07 

0-05 

0-11 

0-04 

0-03 

0-02 


Turnip . 


90-9 

0-75 

0 30 

0-08 

0-03 

0-08 

0-10 

0-11 

0-02 

0-03 

0-04 

White t%nip 


91 -6 

0-Gl 

0-31 

0-02 

0-02 

0-08 

0-11 

0-04 

0-01 

0-04 


Kohl-rafu 


87-7 

0-95 

0-49 

0-06 

0-02 

0-09 

0-14 

0-08 

001 

0-06 


Carrot . 


80-0 

0-88 

0-32 

0-19 

0-05 

0-09 

0-11 

0-06 

0*02 

0-03 

0-01 



80-0 

1-04 

• 

0*42 

0-08 

0-07 

0-09 

015 

o-io 

0-06 

0-04 




ASH. 


Substance 

Water 

Ash 

KaO 

NajO 

MgO 

, CaO 

PjOb 

SO, 

SlOg 

Cl 

r* 




IV. Grains 

and Se 

eds. 






Wheat . 

14-3 

1-77 

0-55 

0*06 

0-22 

0-06 

0-82 

004 

0-03 


0*16 

Rye . 

14-9 

1-73 

0-54 

003 

0-19 

0-05 

0-82 

0-04 

0-03 

nF" 

0-17 

Barley . 

14-5 

2-18 

0-48 

O-OG 

0-18 

0-05 

0-72 

0-05 

0-69 



0-14 

Oats 

140 

2-G4 

0-42 

0-10 

0-18 

0-10 

0-55 

0-04 

1-23 



0-17 

Spelt . 

14-8 

3-58 

0-G2 

0-06 

0-21 

0-09 

0-72 

0-06 

1-58 





Maize . 

13-G 

1-23 

0-33 

0-02 

0-18 

0-03 

0-65 

0-01 

0-03‘ 



0*12 

Sorghum 

14-0 

1-GO 

0-42 

0-06 

0-24 

0-02 

0-81 



0-12 



Millet . 

130 

3-90 

0-47 

0-04 

0-33 

0-04 

0-91 

0-01 

2-05 

» 

0-18 

Paddy rice , 

12-0 

G-90 

1-27 

0-31 

0-59 

0-.35 

3-20 

0-04 

0-04 




Rico 

13-0 

0-34 

0 08 

0-02 

0 05 

0-01 

0-17 



0-01 





Buckwheat . 

14-1 

0 92 

0-21 

0-00 

0-12 

0-03 

0-44 

0-02 


0-02 



Flax seed 

il-8 

3-22 

1-04 

0-06 

0-42 

0-27 

1-30 

0-04 

0-04 


0-17 

Peas 

13-8 

2-42 

0 98 

0-09 

0-19 

0-12 

0-88 

0-08 

0-02 

0-06 

C-24 

Field beans . 

141 

2-96 

1-20 

004 

0-20 

015 

1-16 

0-15 

0-04 

0-08 

0-?B 




V 

. Fruits, <frc. 







Apple, whole fruit 

8*4-0 

0-27 

0-10 

0-07 

0-02 

0-01 

0-04 

0-02 

0-01 



Pear, „ „ . 

80-0 

0-41 

0-22 

0-04 

0-02 

0-03 

O-OG 

0-02 

0-01 




Cherry, „ „ . 

78-0 

0-43 

0-22 

0-01 

002 

0-03 

0-07 

0-02 

0-04 

0-01 


Plum, „ „ . 

Acorns, fresh 

82-0 

0-40 

0-24 

— 

0-02 

0-04 

O-OG 

0-02 

O-Ol 



50 0 

0-90 

0-G2 

001 

0-05 

0 07 

0-1 n 

006 

0 02 

0-01 


Beech mast . 

18-0 

2-71 

0-62 

0-27 

o-;u 

0-07 

0-50 

0-06 

0 05 

0-01 



Horse chestnuts 

49-2 

1-20 

0-71 


O-Ol 

0-14 

0-27 

0-02 


0-08 

— 

• 

> 


VI. leaves — 

Autumn. 






Mulberry 

G7 0 

M7 

0-23 



O-OG 

0-30 

0-12 

0-01 

0-41 



Horse chestiaJt 

00-0 

3-01 

0-69 

— 

0-24 

1-22 

0-25 

005 

0-42 

0-12 


Walnut 

GO-0 

2-84 

0-76 

— 

0-28 

1-53 

0-11 

0-08 

O-OG 

0-02 


Beech , . 

55-0 

3-05 

O-IG 

0-02 

0-18 

1-37 

0-13 

0-11 

1-03 

0-01 



Oak 

GO-0 

1-96 

0-07 

0-01 

0-08 

0-95 

0-16 

0-09 

0-61 




Scotch fir 

55 0 

0-G3 

O-OC 

— 

O-OG 

0-26 

' 0-13 

0-03 

0-08 

0-03 



Spruce . , 

55 0 

2G3 

0-04 

— 

0-06 

0-40 

0-21 

0-07 

1-84 




VII, Manufactured Products. 



• 



Fine wheat flour . | 

13-6 1 

0-41 

0-15 

O-Ol 

0 03 

O-Ol 

0-21 1 





Wheat bran . 

13-5 

5-5G 

1-33 

0-03 

0-94 

0-2G 

2-88 





Rye flour 

14-2 

1-G9 

0-65 

0-03 

0-14 

0-02 

0-85 


0-06 j 



Rye bran 

13-1 

7-14 

1-93 

0-09 

1-13 

0-25 

3-42 






Barley flour . 

14-0 

2-00 

0-58 

0-05 

'0-27 

O-OG 

0-95 

0-06 





Maize meal . 

14-0 

0-95 

0-27 

003 

0-14 

O-OG 

0-43 


♦ 



Malt 

4-2 

2-66 

0-40 

— 

0-22 

O-IO 

1-07 



0-88 



Malt dust 

9-2 

5-96 

2-08 



0-08 

0-09 

1-25 

0-38 

1-77 



Beer , 

90-0 

0-39 

0-15 

0-03 

•0-02 

0-01 

0-13 

0-01 

0-04 

0-01 


Wine . 

8G-0 

0-28 

0-18 

— 

0-02 

0-02 

0-05 

0-01 

0-01 



Linseed cake . 

11-5 

5-52 

1-29 

0-08 

0-88 

0-47 

1-94 

0-19 

0-36 

0-03 


Cotton-soed cake . 

11-5 

G-15 

2-18 

— 

0-2G 

0-28 

2-95 

0-07 

0-26 


Potato skins . 

30-0 

6-71 

4-83 

006 

0-45 

0-G4 

0-23 

0-03 

0-18 

0-14 


Buckwheat groats . 

14-0 

0-G2 

O-lG 

0-04 

0-08 

0-01 

0-30 

0-01 


0-01 

i — 




VIII. 

Wood 

{air-dried). 






Apple tree 

15-0 

MO 

0-13 

0-02 

0-06 

0-78 

0-05 

0-03 

0-02 



Beech, trunk 

is’b 

0-55 

0-09 

0-02 

O-OG 

0-31 

0-03 

0 01 

0-03 

! 


Beech, brushwood . 

15-0 

1-23 

0-17 

0-03 

0-13 

0-59 

0-15 

0-01 

0-12 




Birch . 

15-0 

0-2G 

0-03 

0-02 

0-02 

0-16 

0-02 



0-01 



Grape . 

15-0 

2-34 

0-70 

0-16 

0-10 

0-87 

0-30 

0-06 

0-02 

0-02 


Mulberry 

16-0 

1-37 

0-09 

0-20 

0-08 

0-78 

0-03 

0-14 

0-05 

006 


Laroh . 

15-0 

0-27 

0-04 

0-02 

0-07 

0-07 

0-01 

0-01 

0-01 



Oak 

16-0 

0-51 

0-05 

0-02 

0-02 

0-37 

0-03 

0-01 

0-01 




Scotch fir 

15-0 

0-26 

0-03 

0-01 

0-02 

0-13 

0-02 

0-01 

0-04 

— 

— 


of various portions of the anitnal body, and of 
certain animal products, v. I^nbs ; * Blood ; 
Milk ; &o ) 

A characteristio of the ash of animal sub- 
stances in general, is the usual preponderance 


of lime over phosphorus pentoxid© and the 
relatively high ratio of sodium to poUfasium, 

Ash of plants. The nature of the ash of the 
leaves, stems, &c., of plants is affected to a 
considerable ext<5pt by the composition of the 
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soil in which the plants grow, but the amount 
and composition of the ash of the seeds are much 
leas variable. 

In nearly all seeds the largest constituents of 
the ash are phosphorus pentoxido and potash. 
In certain ^eeds generally used in their husk, 
e.g. oats, mulct, spelt, and barley, silica is a large 
constituent. 

But in the leaves and stems -of plants, 
phosphorus pentoxido usually forms out a 
small constituent of the ash, whilst potash 
and lime become relatively more abundant. 
In cereals ahd grasses, silica often forms more 
than half of the total ash of the straw and 
cbafl. 

In addition to the constituents given in the 
above table, small quantities of oxides of iron 
and manganese ai6 almost invariably pre.sent 
inc^egetablo ashes. 

Titanium (Wait, J. Amcr. Chmn. Soc. IblMi, 
18, 402), aluminium fluorine, and boron 
(Crampton, Amer. (Ihem. J. 11, 227 ; Jay, 
Compt. rend. 121, 803; Baumert, Bor 21, 
3290), are also frofjuently present in small 
quantities in the ash of certain plants 

Lithium, rubidium, zinc, cojiper, bariym, 
and arsenic have also been detecti'd in the ash 
of certain plants giown in soils eontainirig these 
constituents (Bassermi, Chem. 8oc. Abstr. 1893, 
ii. 225; Ilomberger, -ilnd. 1890, A, li. 600; 
Macdougal, ihui. 1900, A, ii. 235). 

Even chromium, molybdenum, and vanadium 
have been detected in the ash of fir, oak, vine, 
and poplar (Demarcay, ihid. 1900, 235). 

Indeed, the conqiosition of the soil has a 
great influence upon the amount and composi- 
tion of the ash of the crop grown unon it, though 
this influence is much more marked upon the 
foliage, stem, &c.| than upon the seed. 

Certain plants, originating from plants of 
ihe seashore, c.g, asparagus, beef-, and carrot, 
generally leave an ash containing unusually high 
amounts of chlorine and sodium, and applica- 
tion of common salt as manure to such crops 
is usually stated to be beneficial, although on 
no very sufficient evidence. 

Plants like salt-w^orts (Salsola) and samphire 
{Salicornia) growing on the coast, contain 
telatively enormous quantities of soda — ^in the 
former 6 times, in the latter 14 times, as much 
soda as of potash. 

The ash of the club-moss (Lycopodium) 
contains from 20 to 50 p.c. of alumina. 

Manganese is invariably present in tea- 
leaves, and, according to the writer’s observa- 
tions, is present in the soluble matter (i.e. in 
the infusion). 

As already stated, some of the phosphates 
and sulphates found in the ash of plants result 
from the oxidation of phosphorus and sulpliur 
organic compounds present in the original plant. 

Postemak (Compt. rend, 137, 1903) detected 
the existence in peas, beans, potatoes, and the 
seeds of the red fir, pumpkin, white and yellow 
lupines of anhydro-ozymethykne dt'phosphoric 
OCMf— 



or inosiiol phosphoric acid CbHj(PO^H3)q. 
fatten and Hart (Bull. 260 (1904), N. York. 
Agrio. Expt. Station) have shown that about 


86 p.c. of the total phosphorus in bran, 81 p.c. 
in malt sprouts, ana 60 p.c. in oats, is soluble 
in 0*2 p.c. sol. of hydrochloric acid; and That 
the greater portion of this is present in the brtfh 
as calcium, magnesium, and potassium salts of 
nositol phosphoric acid (v. Bran). 

Importance of the Ash ComiitaeMs of Foods. 

The influonoo of the mineral matter in the 
food of animals upon their health and well- 
being is probably mueh greater than is generally 
recognised. Not only is it essential that all 
the iiiorganie constituents reijuircd for building 
up the tissues and producing the various digestive 
and other secretions be supplied in sufficient 
quantities, but it is important, at least with 
certain pairs of constituents, that they be 
supjiliod in appropriate ratios to each other. 

A prepomlcranee of phosphoric acid over 
lime and magnc.sia in the diet is probably the 
cause or a predisposing cause of certain diseases 
of the bones of horses, mules, and donkeys 
(Ingly, Jour. (’omp. I’athology and Therapeutics, 
1907 ; Jour. Agrie. Science, 1908, iii. 22 ; Jour. 
Koy, Inst. Public Health, 1909) ; while the 
ratio of potash to soda in the food lias an 
important bearing upon health, and especially 
upon the susceptibility to certain diseases, 
c.g. scurvy. 

TliO cereals cont*»ia a largo excess of phos- 
phoric acid over limo, and the use of an exclu.'- i vely 
cereal diet may lead to imperfect bone nutrition 
(lx.; also Illustrated Poultry Record, 1910). 

The necessity of an adequate supply of 
chlorides in the diet is u’olJ recogniseJ, and in 
many countries the ordinary food supplies of 
domestic animals have to bo supplemented by 
common salt to ensure healthy existence. 

Whenever the rations are restricted to one 
or tw'o items, there is considerable probability 
that certain mineral constituents v'ill be lacking 
or supplied in improper proportion.s. 

It 13 too often the practice, in discussing 
the feeding of animals, to dcAote much con- 
sideration to the organic portions of their food, 
bub beyond requiring that sufficient mineral 
matter or ‘ bone-forming ’ material bo present, 
to pay little or no attention to its composition. 

Thus bran is widely regarded as a food 
particularly rich in mineral matter, and therefore 
valuable for bone nutrition; but the ratio of 
phosphorus pentoxido to lime in this food is 
about 11 to 1, and the practice of feeding 
animals largely upon bran is known to produce 
a disease of the bones — ‘ bran rachitis ’ in 
horses. 

Kellner (Scientjfio Feeding of Animals, 
1909) estimates that for oxen, 60 grams of 
phosphorus pentoxide and 100 grams of 
lime per 1000 kilos, body weii^t per day, are 
required in the food, while for full-grown shoop, 
1 ^am of the former and 11 grams of lime 
suffice. 

In England, fortunately, hay— oither meadow 
or clover — forms a large part of the rations of 
farm animals, and this contains a lar^e excess 
of limo over phosphoric acid, and thus neutralises 
the opposite preponderance in the grain or cake 
used with it. , 

But in South Africa and perhaps some other 
countries, meadow or clover hay is but little 
used, and many horses are fed entirely upon 
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oat ha^ or oat hay and maize. • In either case plunged in distilled water or 4 p.o. glycerol 
there is a large preponderance of phosphoric solution and kept in the dark, contained 
acid over lime, and to this fact the prevalence abundance of asparagine at the end of 15 days, 
of .certain bone diseases is almost certainly due. but neither starch nor mannitol. When, how- 
Similar considerations apply to other animals ever, branches of the same plant were kept in 
kept in confinement, especially to poultry when solutions of glucose, sucrose, or mannitol, they 
deprived of a grass run, and to pigs. H.I. formed no asparagine in a month, bu4*bontained 
ASIPHYL. See Asyphit., much mannitol and starch. Another source 

ASPARAGINE. Amino/iuccinamic acid asparagine in the plant is its synthetic 
CaH 3 'NH,(C 02 H)(C 0 -NH 2 ) occurs in two formation from ammonium salts, urea, or 

optically active forms, differing in direction of nitrates supplied by the soil. This synthetio 
rotatory power and in taste. Lcevo-asparagine, production is only possible in the presence of 
diccovered by Vauquelin and Robiquet (Ann. sugar, and under conditions that exclude the 
Chim. anal. 1805, 57, 88) in the young shoots of formation of proteids (Suzuki, Bull. Coll. Agno. 
asparagus (Aaparog'wa Linn.), is widely Imp. Univ. Tokyo, 1895, 2, 196). The function 

distributed in the vegetable kingdom, occurring ®f asparagine in tlio plant economy is the 
in most plants at the time of budding and during production of proteid matter ; hence the 
the flowering period, and, with glutamine, forms addition of leguminous seeds after steaming 
the chief non-proteid compounds present in uiash in brewing is recommended 

the juice of ripening oranges (Scurti and de Hirner (J. Soc. Chem. Ind. 1882, 333), as tne 
Plato, Cliem. Zentr. 1908, j^i. IG, 1370 ; Stieger, aspa.ragine they yield forms excellent nutriment 
Zcitsch. physiol. Chem. 1913, 8G, 245, 2C9 ; f®^ ; and Kinoshita (Bull. Coll. 

Smolensk!, Zcitsch. Ver. dent. Zuckorind, 191l’ ^gric. Imp. Univ. Tokyo, 1895, 2, 196) found 
135; Tutin, Chem. Soc. Trans. 1913, 103, that young shoots of so] a bean that showed an 
1274; Chapman, r&fd. 1914, 105, 1901 ; Tutin increase in asparagine, from 21-5 to 287 p.c. after 
and Clewer, ihtd. 1914, 670). It is also found in f®'^^ weeks’ natural growth, became poorer in 
blood (Abderhalden, Zcitsch, physiol. Chem. asparagine (18*9-137 p.c.) if pown for the 
5913, 88, 478-483). Miyacha ‘(Bull. Coll, sa-me period in .methyl alcohol and glycerol 

Agric. Imp. Univ. Tokyo, 1897, 2, 458) has solution, but contained reserve proteid matter, 
shown that in the case of Plfrmia (/llnJIora%,nd According to Ciamician and Ravenna (Atti R. 
'J'fica c/nnensi.'i, oven old leaves, showing incipient Accad. dei Lincci [5] 20, 1. 614-G24), there is an 
decay, can proRi'^c asparagine. It occurs to a mercase of alkaloid in the tobacco plant and 
larger extent in leguminous plants than in supplied with asparagine. Morocn, 

any other natural order, and is most abundant I^eger, and Wosthausser (Landw, Vcrsachs. Stat. 
at the time of germination, the quantity being If^lL 75, 265-320), experimenting with sheep, 
greater in etiolated than in normal plants #?^von a sufticiency of carbohydrate, 

(Borodin, Bied. Zentr. 1879, 367 ; see also a deficiency of protein may be made good with 
Ritman, Izv. iMoskow. Selsk. Khoz. Inst. 18, ammonium acetate and asparagine. 

212-220; from Abs. Amer. Chem. Soc. 1913, Asparagine can be extracted from the juice 
3144; Nicolaiova, Bull. Agr. Intelligence, 1917, expressed from young vetch seedlings that 
8, 204). Sachsae (Landsw. Yersucha. Stat. have germinated in the dark, 10 kilos, of vetch, 
1874, 17, 88) found that the amount of aapara- yielding 150 grams of pure asparagine (Piria, 
gine in germinating peas increased from 0*67 to Annalen, 1848, 68, 343). Sure and Tottingham 
6*94 p.c. during 24 days’ growth ; and Schulze leund that asparagine is made use of in the 
and Umlauft {ibid. 1875, 18, 1) found 17*9 p.c. nitrogen metabolism of etmlated pea plants 
of asparagine in the dried shoots of Lnpinus (d. Biol. Chem. 1916, 26, 535). 
hiteus seedlings germinated in the dark in dis- Asparagine crystallises from aqueous solution 
tilled water (cf. also Mercadante, Gazz. ital. ^ i^rgo rhombic lacvo- hemiJiedral prisms, 
chim 1876, 6, 187 ; Schulze, Landsw. Versuchs. « : & : c : : 0*4752 : 1 : 0*8294 (Freundler, Compt. 
Stat. 1896, 46, 383 ; Stoklasa, Landw. Jahrb 1897, 125, 657), containing IHgO, which 

1896, 24, 827; Bourquelot and HerisNoy, J loses at 100^ and then melts at 234°-236° 
Pharm. 1898, (vi.) 8, 385; Br/'al, Ann. Agron. (Michael, Ber. 1895, 28, 1629) ; it has a sp.gr. 
1900, 26, 5; Schulze and Barbieri, Landsw. 1 ’5434 at 14-874'’ (Piutti, Gazz. chim. ital. 1904, 
Versuchs. Stat. 21, 03 ; Kinoshita, Bull. Coll. ^6) ; the molecular heat of combustion is 
Agric. Imp. Univ, Tokyo, 1896, 2, 203) ; Schulze 448-4 Cals., and the heat of formation 206*1 
an’d Bosshard, Zeiks.-h. nhysiol. Chem. 1885, 9, (Borthelot and Andre, Compt. rend. 1890, 
420 ; Bungener, Bied. Zantr. 1885, 861 ; 1^0, 884 ; see also Emery and Benedict, Amer. J, 
Behrens, Bot. Zentr 1894, 178). Asparagine I’hysioh 28, 301-307) ; it is sparingly soluble in 
is one of the decomjKisition products of proteid readily so in hot water — 1 part dissolves 

matter (Schulze, Bied. Zentr. 1901, 30, 106; “ ^2 parts of water at 10°, in 47 parts at 20° 
Chem. Zentr. 1901, i. 1108; Ber. Deut. Bot. (Becker. Ber. 1881, 14, 1028), in 68 parts at 
Ges. 1907, 25, 213), and its accumulation in the ^27 and 1*89 parts at 100° (Guareschi, Gazz. 
plant during the periods of germination and ital. 1876, 6, 370; cf. Bresler, Zeitsch. 

DUdding, particularly when the development Chem. 1904, 47, 611). The aqueous 

occurs in the dark is attributed by Borodin solution is weakly acid, has an insipid and dis- 
(Bied. Zentr. 1879, 367) and Schulze and Barbieri agreeable taste, and is Isevo-rotaton/ 

(J. pr. Chem. 1882, [2] 26, 146), to the absence (Piutti, Compt. rend. 1886, 103, 134) ; the 
of carbohydrates which under conditions of rotatory power 6f the solution is increased by 
normal assimilation effect the rfiincorporation raising the temperature and by the Edition of 
of amides into proteid molecules ; and this alkalis, inverted by mineral acids and by solu- 
view is confirmed by Monteverde (Ann. Agron. tions of certain inorganic salts and destroyed 
17, 376), who found that branches of lilac by acetic acid (Champion and Pellet, Comot, 
VoL. I.— T. 2 D 
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rend. 1876, 82, 819; Becker, Ber. 1881, 14, 
1028 ; Smolensk!, Zeitsoh. Ver. deut. Zuckerind, 
1910, 215; and 1912, 791; Pellet, Z dtsch. 
Ver. dout. Zuckerind, 1911, 435-443; Clough, 
Chem. Soc. Trans. 1915, 107f 1513 ; Andrlik 
and Stanek, Zcitsch. Zuckerind. Bohm. 31, 
417). Advantage is taken of this last fact 
to eliminate the error due to the presence of 
asparagine in saccharimetrie determinations of 
sugar liquors from beets and canes. Asparagine 
is partially hydrolysed by boiling with water, 
forming aspartic acid {aminos uccinic acid) 
C2 H;,*NHjj{(? 02H)./ and ammonia; the change 
is rapid and complete when excess of barium 
hydroxide or dilute hydrochloric or sulphuric 
acid is employed (Schulze, Lands w. Versuchs. 
Stat. 29, 233) ; by the action of potassium 
permanganate, asparagine is oxidised to car- 
J^amide and ammonia ; and when used in 5 p.c. 
aqueous solution for the culture of Bacillus 
pyroci/anirus, it is converted into aspartic 
acid after CO hours, and completely decomposed 
after 72 hours (Arnaud and Charrin, (’ompt. 
rend. 1891, 112, 755; Adcney, Proc Roy 
Irish Acad. 1905, 25, 6). An aqueous solution 
in presence of sunlight yields acetaldehyde, 
ammonia, and carbon dioxide (Ganassint, Ciorn. 
Farm. Chim. 1912, 62, 439-444). Under the 
action of enzymes, asparagine yields a mixture 
of formic, propionic, and succinic acids (Neuberg 
and ( 'appezzuoli, Biochem. Zcitsch. 1909, 18, 
424), and a similar change is effected by brewer’s 
yeast (Effront, Mon. Sci. 1909, (iv.) 23, i. 
145; and Kurono, J. Agrio. Tokyo, 1911, 1, 
295-330). 

The presence of asparagine (1 : 19,000) may 
be detected by mean^ of triketohydrindene 
hydrate (Abdorhalden and Schmidt, Zeitsch. 
physiol, (^hem.,85, 143-147). 

The estimation of asparagine is based upon 
its quantitative conversion into aspartic acid 
and ammonia by the action of hydrochloric 
acid, the aspartic acid may bo removed in 
the form of its sparingly soluble copper salt 
(Engel, Compt. rend. 1888, 106, 1734) and the 
ammonia determined by Sachsse’s method (J. 
pr. Chom, 1872, [2] 6, 118) or by one of the 
modifications of Schloessing’s method described 
by Meunier (Ann. Agron. 6, 275), by Schulze 
(J. pr, ('hern. 1885, [2] 31, 233), or by Brown 
and. Millar (J. Soc. Chem. Ind. 1904, 135). 
Palet (Anal, Soc. Quim. Argentina, 1917, 5, 
95) points out that the results of the estimation 
by Schloessing’s method are influenced by the 
employment of different alkalis. 

Asparagine has feeble basic and acidic 
properties, and forms salts with acids and bases 1 
(Chautard and Dessaigne, Annalen, 1848, 08, 
349 ; Dessaigne, Annalen, 1862, 82, 237 ; 
Smolka, Monatsh. 1887, 6, 916); it also forms 
double compounds with certain salts of the 
heavy metals, the sparing solubility of the 
compound with mercuric nitrate is made use 
of in isolating small quantities of asparagine 
from solutions containing carbohydrates 
(Schulze, Ber. 1882, 16, 2855) ; it forms stable 
complex internal salts with certain heavy metals ; 
the chromium 8aItCr(G4H703N2)8 crystallises in 
microscopic rose-violet needles (Tschugaoff, 
Serbm, Compt. rend. 1910, 161, 1361-1363) and 
combines witn copper hydroxide to yield a copper 
ifemplex of the. formula Cu(C4H7C)3N2)j (Kober 


and Sugiura, J. Biol. Chem. 1912-1913, 13, 1-13); 
the alum (C.H«08N,)aHjS04,Ala(S04)3,24H20 
forms octahedral crystals. Asparagine is con- 
verted into Z-chlorosuccinic acid and fumaric 
acid by the action of nitrosyl chloride in hydro- 
chloric acid solution (Tilden and B’orster, (Them. 
Soc. Trans. 1895, 67, 489) ; it yields the amide 
of uramido.succinic anhydride 

CONHaCHaCHNHCONH 

I I 

CO 1 

when fu.sed with carbamide (Guareschi, Gazz. 
chim. ital. 1876, 0, 370), and is converted into 
amidosuccinuric acid 

m.p. 137°- 138°, by the action of potassium 
cyanate (Guareschi, Ber. 1877, 10, 1747). 
Certain condensation products of asparagine 
with othei^miiio- acids are described by Fischer 
(Ber 1904, 37, 4685 ; 1907, 40, 2048), chloro- 
arcti/lasparaguie, m.p. 148°-] 49° (corr.) ; glycyl- 
anparaginCt m.p. 216°, [a]j^~6'4° at 20° ; 
auhydroglifvylasparagine, decomposing at 274° ; 
d-leucyl-haspaiaginp^ decomposing at 230° (corr.), 
[aJj^--53'6° at 20° ; \-kucyl<hasparagine, m.p. 
228° (corr.), f“li,+ 17’8°; asparagylaspartic 
acid, decoinpo.sing at 120°. Sasaki (Beitr. 
('hem. Physiol. Path. 1907, 10, 120) describes a 
he nzoylpoly peptide of asparagine C,9H2408Ne, 
decomposing at 210°, and giving the biuret 
reaction. 

Benzyl hydrogeM asparaghiedithiocarboxylate 
COjH C2H3(CONH2)-NH-CS8‘CH2Ph 

has m.p. 180°. The barium salt crystallises 
in slender needles (Siet/fried and Weidenhaupt, 
Zeitsch. physiol (Uiem.'lOlO, 70, 152-160). 

As regards the alimentary value of asjiaraginb, 
it ha.s been found tluit in the case of herbivorous 
mammals and geese, asparagine lias a proteid- 
sparing action, and under appropriate con- 
ditions prevents waste and causes the formation 
of prot(‘id matter (Weiske, Bied. Zentr. 1879, 
744; 1882, 312; Zeit. fur. Biol. 15, 261; 20, 
276 ; Landws. Versuchs. Stat. 1888, 34, 303 ; 
Rosenfeld, Zeitsch. Ver. deut. Zuckerind 

1900, (639] 1055, from. J. Soc. Chem. Ind. 

1901, 271). According to Zuntz and Muller 
(Pfliiger’s Archiv. 1906, 112, 245), the proteid- 
sparing action of asparagine is the result of 
a kind of symbiosis, the bacteria in the paunch 
of the ruminants dccorapos ng the asparagine 
in preference to the protein in the food. In 
the case of oranivora and carnivora, asparagine 
exerts only a diuretic action (Murck and Voit, 
Bied. Zentr. 1884, 749 ; Politis, Zeit. Biol. 1893, 
27, 492 ; Mauthner, ibid. 607 ; Gabriel and 
Voit, ibid. 29, 116, 125; Levena and Kohn, 
Amer. Jour. Physiol. 1909, 23, 324; sec, how- 
ever, Abderhalden, Zeitsch. physiol. Chem. 
1911, 74, 481-604; and Nitsche, Beitr. Phys. 
1914, 1, 63-89). 

DeMro-asparagine was discovered by Piutti 
(Ber. 1886, 19, 1691) in the young shoots of the 
vetch {Viciaaativa, Linn.) 6600 kilos, of vetch 
buds yielded 20 kilos, of crude asparagine, from 
which 100 grams of pure dextro-asparogine 
was isolated ; it is slightly more soluble tlian 
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the Isevo- compound ; the solution has an in- 
tensely sweet taste, is dextro-rotatory in neutral 
or alkaline solution [o]jj+6‘41° (Piutti, Compt. 
rend. 1886^ 103, 134), and laevo-rotatory in 
acid solution ; it forms large rhombic dextro- 
hemihedral omtals, a : 6 : c : : 0-4741 : 1 : 0-8310 
(Freundlcr, Compt. rend. 1807, 125, 657). A 
solution of equal parts of the two optically 
active asparagines is optically inactive, but 
the two varieties separate on crystallisation, 
twinning frequently taking place between the 
left and right crystals (Piutti, Compt. rend. 
1886, 103, 134). d- and /-Asparagine can be 
separated by fractional crystallisation from 
hot water although both have the same solubility 
at 20°. The sol u bility of /-asparagine, previously 
heated, is at least doubled after cooling, and 
only slo^^ly returns to its original value 
(Erlenmeyer, Biochem. Zcitsch. 52, 430-470). 
The silver salt of dl-aftparaginc C 4 H 703 N 2 Ag, 
forms wart-like clusters , of cryit^'lsj m.p. 
182°- 183° (decomposed) (Abderhalden and 
Kautzsch, Zeitsch. physiol. Chem. 1912, 78, 
116-127). 

According to Pringsheim (Zeitsch. physiol. 
Chem. 1910, 05, 89), the (/-a.sparagine found by 
Piutti in the mother liquors from which the 
Z-asparagine had been isolated, was formed by 
the racemisation of the /-asparagine during the 
process of evaporation of the solutions. Che 
author states that after boiling /-asparagine 
[[o]^®''+ 36'19®, in i\r/10 hydrochloric acid solu- ; 
tionj for 12 hours, with water, and subsequent j 
fractional crystallisation, he obtained a fraction i 
that had [a]2^'-15-3° in N/IO hydrochloric acid 


gines C0,H*CH(NHa)‘0H^<50NH,. Prom 
silver ethyl y-oximinosuocmate 
• /CH-COjEt 

OH-N< 1 

MiH'COaAg 

Piutti (Gazz. chim. ital. 1890, 20, 402) <j]btaineda 
mixture of the tliree asparagines, thef a-aspara- 
gine readily gave up its water of crystallisation in 
a vaepum, and fell to powder ; and the d- and /- jB- 
asparagines could then be separated by hand 
sorting. A mixture of the three asparagines* 
was also obtained by th^ action of alcoholic 
ammonia on the ethyl hydrogen ester»of inactive 
aspartic acid (Piutti, Gazz. ital. chim. 1887, 
17, 126; 1888, 18, 457). Korner and Monozzi 
(Gazz. ital. chim. 1887, 17» 171, 226) effected 
the synthesis of the d- and /- jS-asparaginea 
from ethyl bromosuccinato, from ethyl fumarato 
or ethyl inaleate, by the action of alooholjp 
ammonia ; and similar results were obtained 
by Piutti (Ber. 1896, 29, 2069) with /-bromo- 
succinarnic acid or maleic anhydride. 

B-Ethylasparagine COjH'CH(NHg)-CHa' 
CO'NHEt, m.p. 258®-260®, with decomposition, 
and B-allyhisparagijie. CO.^H-CH(NHj)*CH,* 
molting and decomposing at 258®- 
261®, prepared by the action of the cor- 
responding alkylamine on jS-othylaspartio acid, 
yield optically inactive solutions (Piutti, Gazz 
chim. ital. 1888, 18, 478). M. A, W. 

ASPARAGUS. The shoots of this plant 
(Asparagus offictuahs) are used as a table 
vegetable. 

Carbo- 

Water Protein Fat hydrates Ash 
Average composition 94 0 1-8 0*2 3-3 0-7 


solution, and therefore contained d-asparagino. The nitrogenous matter of asparagus consists 
In addition to the two asparagines already largely of ammo-succtnamic acid CO(NHj)-GH,* 
described, there is a third form known as CH(hlH 2 )-COOH, a substance known (from its 
o-asparagine ; il does not occur naturally; is discovery, in 1805, in asparagus shoots) as 
optically inactive, crystalli-ses in the inclimo , asparagine (q.v.). • 

system, a : 6 ; c — 1-5957 : 1 : 0-5668 ; o— 91®19' ; ' Coniferin and vanillin have also been found 
j8 = 113®/12', 7=^83® 48' (Brugnatelh); and has in the sap and cellular tissue (Lippmann, Ber. 
a 8p.gr. 1-454 .it 14-8®/4® (Piutti, Gazz. chim. 1 1886, 18, 3355) ; 'Tanret (Compt. rend. 1909, 
ital. 1904, 34, ii. 36), and is not structurally 149, 48) describes two new^ carbohydrates os 
identical with tlie optically active or jB-aspara- occurring in approximately e*qual quantities in 
gines. The tliree asparagme.s have been syn- asparagus roots — asparagoee (GjHjq 05 )„-HjO, 
thesised by Piutti (Gazz. chim. ital. 1887, 17, where w=15 or 16, crystallising in microscopic 
126; 1888, 18, 457) by the following methods, needles, soluble in water, insoluble in absolute 
that leave no doubt as to the constitution jof | alcohol, m.p. 198®-200®, gives no colouration 
the compouruls. By the reduction of the oxime with iodine, and does not reduce Fehling’s 
of oxalacetic ester C 0 . 2 Et CH 2 -C(N 0 H)'C 02 Et solution ; and a white, hygroscopic 

with sodium amalgam and partial saponification 'substance more soluble than asparagose. Both 
of the product, Piutti obtained two different substances are hydrolysed by invertose, yielding 
ethyl hydrogen aspartates, melting at 165® and dextrose and Icevuloae. 

200° respective!}'. I'he ester melting at 166° ' Ihe seeds of asparagus were examined by 
is identical with the compound obtained by Peters (Arch. Pharm. 1902, 240, 63), and were 
reducing Ebert’s (Annalen, 1885,229, 45) mono- found to contain water 11-6, woody fibre 8-2, 
ethyl ester of oximinosuccinic acid, which has nitrogen 3-0, and oil 16-3 p.c. Starch was not 
the formula C 02 H-CH 2 -C(N 0 H)-C 02 Et, since present, but a reserve cellulose (mannan), 
on heating it loses CO 2 and forms oximino- capable of yieldii^ d-mannose on boiling with 
propionic ester CH,-C(N0H)-C02Et. It follows, dilute hydrochloric acid, occurred ; 37-6 p.c. of 
therefore, that the ethyl hydrogen aspartate the weight of the seeds, of mannose was obtained, 
melting at 166® is the monocthyl a-aspartate The oil was reddish yellow, had a bp.gr. of 0*928 
C02H-CH./CH(NH2)’C02Et, and the ester melt- at 15*, and an iodine numW of 137-1. H. 1. 
ing at 200° must be die raonoethyl /3-aspartate ASPARTIC ACID. Aminosuccinic acid 
002 H-CH(NH.jCH 2 -C 02 Et. When these esters CO, H*CH 2 CH(NH,)-CO,H, found in young 
are treated with alcoholic ammonia, they are sugar cane and in molaases of sugar beet 
converted into the corresponding asparagines ; '(Scheibler, J. 1886, 399), in young sMbots of 
the ester m.p. 165® gives inactive ci-aspara(/ine\ihe gourd (Schulze and Barbieri, Ber. 1878, 
tX),H-CH 2 -CH(NH 2 )-CONH 2 , and the ester ll, 710 ), and in mulberry leaves (Mimuroto, J. 
m.p. 200® yields a mixture of d- and Z- /3-aspara- j Agrio. Tokyo, 1912, /I, 63-66), hep been observed 
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in diBeaBed liver (Taylor, Zcitsch. physiol. Chem. 
1901, 34, 680), and occurs in certain glands of 
Tritonium nodosum , the posterior portion of the 
gland when stimulatod secretes an acid fluid from 
which aspartic acid immediately crystallises. 
As aspartic acid is soluble in sea-water, it is 
probaoly'^.mployod by the animal in destroying 
the calcareous shells of the other shellfish that 
form its food (Henze, Her. lOOl, 34, 348). 

Aspartic acid is prejiaied by hydrolysing 
asparagine by means of liydrocldone or sul- 
phuric acid, lime, baryta, lead o.xide or potash 
(Plisson, Ann. (dum.'Phys. [2] 35, 175; 37, 
81 ; 40, 303 ; Schulze, Landsw. Versuchs. Rtat. 
29, 233) ; it is one of the degradation products 
of proteid matter, and is obtained when ca.sein 
or proteid is heated with (1) dilute sulphuric 
acid (Kreussler, ' J. pr. (diem. 1809, 107, 239; 
(Ritthausen, ibid 218 ; Fischer, Zeitsch. physiol. 
Chem. 1901, 33, 151; 1902, 35, 70; 30, 462); 
(2) bromine or with stannous chloride (Illasiwetz 
and Habermann, Annalcn, 1871, 159, 325; 
1873, 169, 162). Aspartic acid is produced 
by the oxidation of conglutin with jiotassium 
permanganate (Pott, J. pr. (diem. 1873, [2] 
(i, 91), by the pancreatic digestion of fresh 
blood fibrin at 4(P-50“ (lladziejewsTti and 
Salkowski, Ber. 1874, 7, 1050), or of gluten 
(Knieriem, Zeitsch. f. Biol. 1876, 11, 198); and 
is one of the acid constituents of Kuhne’s 
‘ antipeptono ’ (Kutscher, Zeitsch. physiol. 
Chem. 1898, 25, 195; 26, 110). 

The naturally occurring asjiartic acid is 
Isevo-rotatory and the same l-aspnrtic acid is 
obtained by hydrolysis of /creo-asparagine 
(Schiff, Bor. 1884, 17, 2929) ; it crystallises in 
rhombic prisms, m.p. 270^-271® (Michael, Ber. 
1896, 28, 1629), is sparingly soluble in water, 
100 grams of vater dissolve y mg. of the acid 
at i°, where 


tion of aspartic acid in the hydrolysis prodnets of 
proteid, see Foreman (Bio-Chem. J. 1914, 8, 463). 

Aspartic acid forms salts with acid and 
bases, the copper salt C4H504NCu,4JH20 or 
(-4H504NCii,5H20,form8palo-blue needles almost 
insoluble in cold water (Engel, l.c. ; Abderhalden 
and Weil, Zeitsch. physiol, (^hem. 1911, 72, 23). 
The calcium salt can be precipitated quantita- 
tively by means of alcohol (Foreman, ibid. 471). 
The mono-silver salt melts 216''-217° with 
decomposition (Abderhalden and Kautzsch, 
Zeitsch. physiol. Chem. 1912, 78, 123). A 
uranyl salt IJ02(C4H504N)2,3H2() is formed by 
double decomposition (Mazzuccholli and D’Alceo, 
Atti. R. Accad. Lincei, 1912, f5J 2, 11, 620-626). 
Aspartic hydrochloride C4H704NTI(!1, softens 
with gas evolution at 178°, and then does not 
alter up to 280° (Philijipi and Uhl, Monat.sh. 
34, 717-731). Aspartic acid is oxidised by 
hydrogen peroxide to the semi-aldehyde of 
malonic acid which breaks up into acetaldehyde 
and carbon dioxide (Dakin, J. Biol. Chem. 
1 909, 6, 409) ; it is capable of furnishing the 
nitrogen required for the development of B-coli 
commums in presence of mannitol and glucose, 
becoming reduced to ammonium succinate 
(Harden, Chem. Soc. Trans. 190], 623), and by 
enzyme action it is decomposed into formic, 
propionic, and succinic acids (Neuberg and 
Catppezzuoli, Biochoin. Zeitsch. 1909, 18, 424 ; 
Borchardt, Zeitsch. physiol. Chem. 1909, 69, 
96 ; Abderhalden and Fodor, Zeitsch. physiol. 
Chem. 1913, 86, 119, 130). On heating it with 
glucose under pressure Bauer and Barshall 
obtained succinic acid, and suggest that aspartic 
acid is the source of the succinic acid found in 
meat extract (Chem. Zentr. 1911, 2, 1367). 
When aspartic acid is heated at 190°- 200° for 
20 hours, and the product boiled with water, 
two sparingly soluble anhydrides, octoaspartide 


y=372-f-14-H-0'18124(2-f0 0053t» 

(Engel, Compt. rend. 1888, 106, 1734). A 
solution containing 1'873 p.c. of acid is feebly 
dextro-rotatory below 75°, but laevo-roiatory 
above that temperature ; fa]^5'87° (Wood, 

Chem. Soc. Trans. 1914, 105, 1992) ; in alkaline 
solutions the substance is strongly lirvo-, and 
in ^ids strongly dextro-, rotatory, and dextro- 
rotatory in aqueous solutions of certain inorganic 
salts (Becker, Ber. 1881, 14, 1028). The rotatorv 
power in acid and alkali reaches a maximum 
value under definite conditions of concentra- 
tion (Wood, ibid. 1914, 105, 1992; Clough, 
Chem. Soc. Trans. 1915, 107, 1610). The 
heat of combustion is 387 '2 Cals., the heat of 
formation 231 '9 Cals. (Berthelot and Andr€, I 
Compt. rend. 1890, 110, 884); the heat of I 
dissolution at 16° is —7*25 Cals., heat of neutral- 
isation by sodium hydroxide -f3‘0 Cals, for 
the first, and -i-3'5 Cals, for the second equiva- 
lent (Berthelot, Compt. rend. 1891, 112, 829). 
Aspartic acid is readily soluble in aqueous 
solutions of certain mineral salts ; for this reason 
Sohitl^Ber. 1886, 17, 2929) recommends that 
in its preparation from asjiaragiiie by boiling 
with l^drochloric acid, the minimum quantity 
(2 mtjft) ^ acid be employed, and the excess 
afterwArdfl neutralised by ammonia (1 mol.); 
by a^pting this precaution, a yield of 90 p.c. 
01 tlie theoretical is obtainq^i. For the estiraa- 


NH j 

H0(C0C-CH2-C0),H 

1 

and tdrasparitde 

NIT 

H0(C0U-CH2U0)4H 

1 

lyo obtained, the more soluble ocioaapariic 
NH, 

H0(C0C*CH2C02H)4H 

I 

and tetr aspartic acid 

NH, 

ho{CO-c-ch,-co2H)4H 

can be isolated from the filtrate (Schiff, Ber. 
1897, 30, 2449). Dimethyl or diethyl sulphate 
and Z-aspartic acid in alkaline solution ^ive 
fumaric acid and alkylated ammonia derivatives 
(Novak, Ber. 1912, 45, 834-860), The following 
alkyl esters of aspartic acid are described : Mong^ 
ethyl asparate hydrochloride, m.p. 199° ; diethyl 
and dimethylaspartate hydrochlorides, deliquescent 
solid! (Curtius and Koch, Ber. 1886, 18, 1293 ; 
Wegscheidenrfind Frankl, Monatsh. 1906, 27, 487), 
ethyl ^-aspartate COaH-CH(NHi,)'CH2-COgEt, 
m.p. 200° ; ethyl a-ospartate COaH‘CHj‘CH(NHJ) ^ 
COjEt, m.p. 165° (Piutti, Chem. Zentr. 1888, 
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1450). The methvli ethyl, allyl, propyl, t«o- 
propyl, butyl, wobutyl, and woamyl hydrogen 
esters are dextro-rotatory at ordinary and 
IfBvo-rotatory at higher temperatures, and 
form sparingly soluble copper salts (Piutti and 
Maghi, Gazz. chim, ital. 1906, 36, ii. 738). 
l-Diethylaspartate has b.p. 126-5711 mm. 
pressure ; sp.gr. 1*089 at 17° and =—9-46° 
(Pischer, Sitzungber, Akad. Wiss. Berlin, 1900, 
48, 1062), or b.p. 126°-127710 ram., 160°-162725 
mm. pressure, and forms a yellow picrolonate 
m.p. 290° (Schmidt and 
Widman, Ber. 1909, 42, 497). Aspartic acid 
and ethyl metaphosphate yield a derivative of 
the composition CflHiaOy^P (Lancrheld, Bor. 
1911, 44, 2076-2086). 

Of the acyl derivatives of aspartic acid, the 
henzenesulphonyl derivative SOjPh-NH-O.Hj 
(COaH)2 melts at 170° (Hedm, Bor. 1891, 23, 
3196) ; the hippuryl derivative NHBz-CHj-CO- 
NH-0 jH 3 (COjH) 2, m.p. 191° (Curtius and 
Gurtius, J. pr. Chem. 1904, (ii.) 70, 158); 
biuzoyl l-ofipariic aad, m.p. 184°-185° (corr.) ; 
has [o]“^ +37 4°, leticyl aspartic acid CllaPr^ . 

CH(NH2)-OO NH CaH3(C02l£)2,Hj0 decom- 
poses at 180°- 182° (oorr.) (Pischer and Koenigs, 
Ber. 1 904, 37, 4585) ; and the picryl derivative 
OinHfjOioNj has m.p. \ZV lo dicihylchhracmtyl 
aspartate 

COOEt-(jHa‘tH-NH(CO-CHaCj)GOOEt 

(Pisi'her and Koenigs, Ber. 1904, 37, 4586; 
Bornwater, Bee. trav. chim. 1917, 36, 

281) has m.p. 4t)°-47° ; k.p. 139°; aspartic 
diamide CaH3(NH2)(CONH2)a, m.p. 131°, has 
ta]j^~7°, and gives the biuret reaction (Fischer 
and Koenigs, l.<\ ), Aspartic acid resembles 
asparagine in its physiological action (Salkow- 
ski, Zeitsch. phvsiol. Chem. 1904, 42, 1207 ; 
Andrlik and Velich, Zeitsch. Zuckerind. Bohm, 
1908, 32, 313). 

d- Aspartic and, obtained by hydrolysis of 
d-asparagino (Piutti, Ber. 1886, 19, 1694), or 
from Z-bromosuccinio acid and aqueous ammonia 
at —40°, a Walden rearrangement taking place 
(Fischer and Raske, Ber. 1907, 40, 1061) ; is 
also obtained from a solution of the racemic 
acid [(d+Z) aspartic acidj which has been 
innoculated with a mould grown on Z-aspartic 
acid (Engel, Compt. rend. 1887, lOG, 1734). 
Benzoyl a-aspartic acid, obtained by Fischer 
(Ber. 1899, 32, 2461), by the resolution of the 
racemic compound, through the brucine salts, 
has m.p. 181°-182°, [a]^^°-;i7-0° in alkaline 
solution. 

Inactive, {dA-l)-asparlic acid, prepared by the 
action of boiling hydjrocliloric or nitric acid on 
the product obtained by heating the ammonium 
salts of malic, maleic, or fumaric acids (Dessaigne, 
Compt. rend. 1860, 30, 324) ; by heating an 
aqueous solution of the hydrochloride of 
Z-aspartio acid at 170°-180° for some hours 
(Michael and Wing, Ber. 1884, ‘[IJ 2984) ; by 
heating d- or Z-aspartic acid with 2 mols. HCl 
(sp.gr. 1-107) at 170°-180°, or from an aqueous 
solution of equal parts of the d- dnd Z- acids ; 
bha racemic acid crystallises out (Piutti, Ber. 
1886, 19, 1604) ; bv reducing and hydrolysing 

sodium salt of ethyl ozimino-oxalacetate 


(Piutti, Chem. Zentr. 1888, 08). (d+Z)- Aspartic 
acid forn^ small monoclinic prisms ; 100 grams 
of water dissolve y mg. of the acid at Z°, where 

y=617+21-693Z-0-166Z»+0-0079Z* 

(Engel, Compt. rend. 1888, 106, 17,‘M). The 
copper salt CuC3H504N,4iHa0 is dark-blue 
(Engel, I.C.). dl- Aspartic acid picrolonate forms 
long slender crystals with square ends decom- 
posing at 130° (Levene and Slyke, Bio-Chein. J. 
1912, 12, 127-139). The benzoyl derivative has 
m.p. 164°.-166° (corr.), and can bo resolved into 
its active components by crystallising the 
brucine salt (Fischer, Ber. 1899, 32, 2461). 

M. A. W. 

ASPHALT. Compact hi lumen f Mineral pitchy 
Jews^ pitchy Bitumen of Judoea. {Judenpech, 
Erdpech, Bergpech, Ger. ; Goudron mindraly Fr.) 
A name given to the solid varieties of bitumem 
In its purest form asphalt presents the appear 
anoe of a black or brownish-black solid substance, 
possessing a bright conchoidal fracture. It 
melts at 100*, burning with a bi illiant flame and 
omitting a bituminous odour. Sp.gr. 1*0-1 '68. 
Asphalt is insoluble in alcohol and water, soluble 
in about five time8_ its weight of naphtha, and 
in benzol. It is dissolved by alkalis and alkaline 
carbonates. 

By dry distillation a yellow oil, Asphalt 
oil, 18 obtained. It consists of hydrocarbons 
mixed with a small quantity of oxidised matter. 
It begins to boil at 90°, but the boiling-point 
gradually rises to 250*. The portion boiling 
below 200° has the sp.gr. 0-817 at 16°; that 
above 200° has a sp.gr. of 0*868 ut 16°. Both 
portions gave by analysis about 87*6 p.c. carbon, 
11*6 p.c. hydrogen, and 0*9 p.c. oxygon, which 
is nearly the composition of oil of amber (Volckel, 
Annalen, 88, 139). Nitric acid Converts it into 
a resin, having the odour of musk and the taste 
of bitter almonds. 

Boussingault obtained from the asphalt of 
Bechelbrunn a pale-yellow oil, petrolene, having 
a faint taste and bituminous odour, of sp.gr. 0-891 
at 21®, and boiling at 280°. • 

By heating asmalt to 260° for 48 hours, the 
volatile oils are driven off; a black solid sub- 
stance, asphaltenty is obtained. It becomes soft 
and elastic about 300°. 

The purest asphalt is found on the shores of 
the Dead Sea and in the pitch lakes of Trinidad 
and Mexico. Rocks more or less impregnated 
with bitumen, to which the name earthy or 
crude asphalt is given, are found at the Poldice 
mines, Cornwall ; near Matlock, Derbyshire ; 
at Haughmond Hill, Shropshire ^ at the Hot- 
wells, near Bristol ; in the limestone near 
Glasgow ; the freestone near Edinburgh ; and 
generally throughout the Orkneys. Large 
deposits occur also at Seyssel, Ddpt. de l*Ain; 
at Bechelbrunn and Lobsann, Lower Rhine ; at 
Baateiines and Dax, in the D^pt. des Landes ; 
in the Val de Travers, Neuchatel, in Kentucky, 
and other places. 

Asphalt is separated from the minerals with 
which it is associated either by melting the 
mass, allowing the earthy matters to subside 
and removing the bitumen ; or by boil^jig with 
water, which causes the bitumen to run out in 
the melted state; dr by the action of hydro- 
chloric acid, which dissolves the calcium car- 
bonate and leaves the asphalt ; or with oil of 
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turpentine, which dissolves out the bitumen. 
Murrie (J. Soc. Ghem. Ind. 3, 182) describes the 
methods used in Italy for the extraction of 
bitumen from crude asphalt. 

The Val de Travers asphalt contains about 
20 p.c. tf bitumen, and it only roqtures the 
addition ol C to 8 p.c. of mineral or coal tar to 
convert it into a plastic, workable mastic of good 
quality for pavements and hydraulic works. 

The modem method of laying down asphalt 
pavement is to first prepare a foundation of con- 
crete the surface of which is carefully flattened. 
On this ev6'n surface, when thoroughly dry, the 
molted asphalt is spread with a wooilcn trowel, 
and the surface is finally smoothed over. The 
liquid Val de Travers, Jjimmer’s, and Barnett’s 
asphalts used for this purpose are all mixed 
with grit or sand, and so present rougher surfaces 
Uian those pavings which consist of asphalt 
alone. Brando (D. R. P. 4993, 1878) mixes ground 
slag wth the asphalt insti^ad of sand. 

Another method of paving is to break up the 
bituminous ore, and heat the fragments till 
they crumble to powder. A la^er of tliis hot 
powder, from 16 to 20 inches thick, is laid on 
the dry concrete and compressed by stamping 
with hot irons. 

Artificial asphalt, or gas4ar asphalt, is a 
mixture of chalk, sand, or limestone with the 
thick, pitchy residue obtained by evaporating 
the more volatile portions of gas tar. The 
mineral substance must be heated to expel 
moisture and adhering 'air, and then added to 
the strongly heated pitch. 

In addition to the use of asplialt for pave- 
ments, water-tight tanks, and coatings for iron 
tubes used for conveying gas or water, &c., it is 
used in photography, in photo-lithography, and 
photo-engraving, owing to the asphalt becom- 
ing insoluble in turpentine after exposure to 
li^t. In the latter case copper plates are 
covered with a thin coating of pure asphaltum, 
or bitumen of Judsea, dissolved in benzene or 
chloroform. When dry, the plate is exposed 
behind a film to bright sunlight for half an 
hour, and then developed by first softening the, 
soluble portion of the asphaltum with olive oil, 
to which Bubsequently a little turpentine is 
added. As soon as the lines are bare the turpen- 
tine and oil must bo washed away by the action 
of waiter. i 

For'the preparation of American supplies of 
^halt from petroleum, see Day (Min. and Eng. 
World, 1913; J. Soc. Chem. Ind. 1913, 32, 
1087). 1 

Methods for preparing asphalt for paving, 
and other purposes arc described by Dagusan! 
(D. R. P. 4999, 1878 ; Dmgl. poly. J. 232, 647) ; ' 
Kalilbetzer (D. R. P. 6646, 1878) ; Zadig and , 
Neuberg (D. R. P. 5678, 1878 ; Dingl. poly. J. I 
233, 490) ; Clark (Eng. Pat. 8036, 1884 ; J. Soc. | 
Cbein. Ind. 5, 183) ; Kettmann (Eng. Pat. 12425, } 
18B4; J. Soc. Chem. Ind. 4, 675); Richter! 
(Siefenseid Zeit. 23, 272 ; J, Soc. Chem. Ind. ' 
2, 474). j 

On the effect of sulphur in producing hard j 
bitumen, see Brooks and Humphrey (J. Soc. 
Chem. Jpd. 1917, 997). On the effect of 
exposure 8b air on different bitumens, set Reeve 
and Lewis {idem. 998). 

Native asphalt can be distinguished from 
artificial asphalt by extracting with carbon di- 


sulphide, filtering, evaporating to dryness, and 
heating the residue till it can be ground to a 
fine powder ; OT gram is treated with 6 c.c. of 
fuming sulphuric acid for 24 hours, and is then 
mixed, with continuous stirring, with 10 c.c. of 
water. If pitch or coal tar bo present, the solu- 
tion will be of a dark- brown or blackish tint ; if 
not, the solution will be of a light-yellow colour 
(v. Pitch).' 

For the detection of petroleum- or coal tar 
pitch in natural asphalt, see Marcusson (Chem. 
Rev. Fott u. Harz-lnd. 1911, 18, 47; J. Soc. 
Chem. Ind. 1911, 30, 480; Zeitsch. angew. 
Chem. 1913, 26, 91 ; J. Soc. Chem. Ind. 1913, 
32, 223) ; Pailler (J. Ind, Eng. Chem. 1914, 6, 
286) ; Loobell (Chem. Zeit, 1914, 18 ; Marcusson, 
ihid. 1914, 38, 813, 822). 

ASPHODEL. The tuberous roots of Aspho- 
dHe de Sardatgne, of Asphoihius rumosns (Linn.), 
and other species of the same genus, contain a 
fermentable substance from which alcohol may 
be prepar^ (c/. Rivu’jre and Bailhache, Compt, 
rend. 1895, 121, 659). By drying and coarsely 
grinding the tubers, Landerer obtained a powder 
winch, mixed with water, funned a strong glue. 
Badoil and Lienders obtain tannin from the 
pulp left after the extraction of the alcohol. 

ASPIDIN, ASPIDINOL t . JTux-ma.s. 

ASPIDOSAMINE, ASPIDOSPERMATINE, 
andf^ ASPIDOSPERMINE v. Quebracho al- 
kaloids. 

ASPIRATORS. Aspirators are used to draw 
air or other gases through any apparatus con- 
nected with them, and were probably first 
employed by Brunner in his analyses of air, 
1830-1840 (Pogg. Ann. 20, 274; 24, 669; 
31, 1). The process of aspiration or inhaling 
of air is, however, most common, being necessary 
to the life of animals and to the ventilation 
of buildings, mines, &c., to change the air so 
that it may support life. In other analyses 
of air by Dumas and Boussingault, an exhausted 
globe or jar was used as an aspirator (1841, 
Ann. Cliirn. Phys. [3] lii. 257). When a vessel 
k emptied of liquid, air must enter to take its 
place, and the common aspirator, in its various 
forms, is a vessel willi two 0 })enmgs, the lower 
to serve as outlet for the water or liquid, and 
the upper as inlet for the air or gas to be aspirated. 
With suitable fittings a siphop may be used 
instead of the lower opening, or the apparatus 
may be modified into a bcll-jar standing over a 
basin or large jar, the air being drawn in through 
the neck of the bell - jar. This is Mohr’s aspirator, 
which is sometimes poised like a gasholder to 
facilitate filling and emptying of the bell-jar 
(Mohr, Lehrbuch , der Titrirmethode, 1865, 
Brunswick). 

From their introduction, aspirators w’ere used 
not only to draw in gases through apparatus and 
reagents employed, at a regulated rate, but also 
to measure the gases so manipulated by simply 
measuring or weighing the liquid run out of the 
aspirator. For approximate readings aspirators 
of glass may be graduated, and those of metal 
may be provided with gauge glasses. 

Numerous forms of tne simple aspirator have 
been invented by Brunner, Regnault, Mohr, and 
others. Fig. i is perhaps the form in most fre- 
quent use, and is generally of glass, plain or 
graduated. Fig. 2 is a very convenient lorm, 
described by Clemens Winkler (Industarfo-Qaio, 
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1877, 39-41) constructed of zinc plate and 
supported on a wooden tripod. The second tap 



Fia. 1. Fia. 2. 


below, on the side tube, is useful in filling the 
aspirator with water. Fig. 3 la the form often 
used in testing the gases from eheraical works. 
It IB simply a cubical or rectangular box made 
of sheet lead, with a grarluated gauge glass, and 
can be opened at a to till it*with wa^. 

Double aspirators. In short op^tions the 
simple aspirator requires no refilling nor special 
attention after the tups are adjusted. To obvij^te 



Fio. 3, Fig. 4. 


the inoonvenienee of stopping to change or refillj 
that would be necessary in longer operations,! 
Brunner, Boi.sgiraud, Dancer, Muencke, and 
others have contrived double aspirators .so con* 
fteoted that each vessel is alternately above and 
below, and one or other always ready for use. 
The nflpirating bottles may be mounted on a 
common axis as in Dancer’s swivel aspirator 
Fig. 4 (Chem. News, 1864, 10, 205). These swivel 
aspirators are very convenient, but the difference 
of water-level in the two bottles is not under the 
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I control of the operator and varies between the 
height of one bottle and a very small minimum. 

Figs. 5 and 6 show an arrangement devised 
by the author, which has certain advantages. 
The bottles a and b are connected as shown, 
being raised and lowered alternately. The four- 
way tap c (shown larger in Fig. 6) hatf its index 
I turned towards the upper bottle in aspirating 
ailti towards i-he lover bottle in blowing. It is 
made from a good gas tap by boring up the 
centre of the plug at f, leading Out the hole at 
G. A small piece of metal H is then fitted and 
soldered diagonally where the holea cross, a 
piece of tubing K soldered on to the socket of 
the tap, and an index I above the plug. 

Paraffin wax is used to adjust the bottles for 
exact measurement, and to obtain a fine adjust- 
ment below at d, as well as abo<ve, by a mark on 
the nock of the bottle. The proper quantity o^J 
melted wax is run through a wide tube into the 
warm bottle slightly tilted. A passage from the 
tubulure to d at the side of the bottle is secured 
by pushing an indiarubbcr tube through the 
tubulure and fixing it in tbo proper position 
before the wax is run in, and after the wax is 
quite solid this tube is flraAvn out. The passage 
should be curved, so that on emptying the* bottle 
of water the water runs out to the mark at D. 
The bottles are then adjusted by neighing their 
content of water between the marks and adding ' 
or removing paraffin till at the standard 
teroperaturo and pressure they hold the exact 
quantity of water corresjionding to the volume 
required. In successive weighings of bottles so 
adjusted the differences should not exceed 
O’l gram. To avoid loosening of the wax from 
direct contact with the glass, the bottles should 
be prcscTvcd from changes of temperature and 
from mechanical vibration, &c. 

Constant or automatic aspirators. Instru- 
ments of this class have been invented by 
Cuthrie (Phil. Mag. [4] 15, 04) and by Bonny 
(Winkler’s Technical Gas Analysis, trans. by 
Lunge, 17). In each of them a pipe from the 
water supply loa<l.s a constant stream of water 
into a vessel, wbich, w'hen fufi, is emptied by a 
siphon, whose tube is of larger size than the 
supply pipe. The arrangement thus acts on 
the principle of the intermittent siphon, and 
the vessel is filled and emptied at regular 
intervals. In Bonny’s instrument these are 
registered by a simple mechanism, and tfie total 
volume passed is known on measuring the 
volume passed in one operation. 

The Sprengol and injector pumps may be 
used as constant aspirators {v. Filter pumps). 
By means of a collecting box attached below the 
pumps to allow the gas and water to escape at 
different levels, the gas may be measured by 
aseing it through a small gas meter (Davis, 

. Soo. Chem. Ind. 211). 

J. Grossman (Winkler’s Industrie-Gase, 
218) has invented a small mercurial aspirator, 
on the principle of the Goissler pump, writh two 
reservoirs, wLich are alternately raised and 
lowered. It is fitted with registering apparatus. 

In testing air and gases fnem confined places, 
works, &c., Angus Smith, Davis, and others 
have used small pear-shaped aspiratoraaof india- 
rubber. These are emptied by simply squeezing 
,in the hand. The air escapes by a valve, of 
I which the simplest is a small slit in the rubber 
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oonneotiDg tube, opening outwards like a 
Bunsen’s valve. The rubber recovering its form 
draws a certain volume of gas through, the test- 
ing apparatus, and it is easy f o ascertain approxi- 
mately the total volume of gas corresponding 
to any given number of times the aspirator 
has been ^^led. Another larger aspirator of this 
class is of bellows form, like a concertina, the 
folding part being of indiarubber. This aspi- 
rator IS frequently used for filling by displace- 
ment jars or bottles with gas to be tested. The 
common single-barrel air pump or apparatus, 
on the same principle, is also applied in this 
manner as an aspirator. 

At the British Association Belfast meeting, 
1874, the late Prof. Andrews showed how an 
ordinary wet gas meter could be converted into 
an aspirator by applying motive power to the 
hollow axis of the drum, thereby causing it to 
sifbk in air at the inlet side and at the same time 
to measure the air on the meter index. Using 
mercury as liquid in a cast-iron meter, a similar 
arrangement forms the basis of the Barr and 
Stroud air pump applied in the evacuation of 
bulbs for electric lighting lamps (J. Soc. Chem. 
Ind. 1896, 640 ; Eng. Pat. 13188, July, 1895). 

T. E. 

ASPIRIN. Trade name for acetyl salicylic 
acid C«H^(COOH)O CU CH„ used os an anti- 
rheumatic, and in the treatment of headaches, 
feverish colds, &c. Is hydrolysed in the intea- 
tine forming sodium salicylate. 

A8PIR0PHEN. Trade name for amino 
acetphenetido acotyl salicylate 

ASQUIRROL. Trade name for mercury 
dimethoxidd. 

ASSAYING. Assaying, ‘ the trial of metals,’ 
a term originally applied only to the testing of 
old and silver, is now usually extended to the 
etermination of the quantity of the valuable 
metal in an ore or metallurgical product. It is 
•also sometimes taken to include the estimation 
of any element which may prejudicially affect 
the value of the ore, but it is more usual to 
discuss this together with such work as the 
complete analysis of ores, slags, furnace materials, 
fuel, &c., under the heading of ‘ metallurgical 
analysis.* A brief account of some of these 
sections is given bolow. 

The art of assaying is of great antiquity. 
The use of the touchstone for testing gold in 
India *waa referred to by Mathuranatha (Hist, 
of Hindu Chemistry, by Ray, ii. 231), and was 
probably known in the Greek world at least 
as early as b.o. 700, when the first eleotrum or 
gold-silver coins were manufactured. At any 
rate the touchstone found its way into Greek 
mythology. The testing of gold alloys by 
cementation was described by Hiny, by Strabo, 
and in the eighth century a.d. by the Arabian 
Geher, who was also familiar with the method 
of cupellation, and is reputed to have discovered 
nitric acid. The parting assay of gold with the 
aid of this acid is referred to in a decree of 
Philippe de Valois in the year 1343, confirming 
its use in the French Mint. Alloys of silver 
with copper were tested by observing the degree 
of blacKening oausea by heat in the Roman 
Mint under the Republic (Roohon, Essaia but 
les Moimoies, 17, 1792). 

It is probable that ores were not valued 
except by inspection until the Middle Ages. 


The first dear references to ore-assaying are 
to be found in the anonymous little Books 
entitled Probiorbiichlein, which were published 
in Germany early in tho sixteenth century, and 
in the writings of Biringucoio, Agricola, and 
Ercker in the same century, but the art was 
evidently regarded by these authors as already 
ancient at the time at which they wrote. Eroker, 
writing at Frankfort in 1580, describes the 
fire-assays not only of several different kinds of 
gold and silver ores, but also of the ores of 
copper, lead, tin, antimony, iron, mercury, and 
bismuth. Assaying by means of ‘ wet methods,’ 
volumetric, gravimetric, and electrolytic, is of 
comparatively recent introduction (excepting 
the parting assay of gold), but has now in great 
part superseded the ancient processes involving 
tho use of furnaces. 

Sampling . — Whether the material to be 
assayed is a portion of a vein underground, a 
heap of broken ore, pigs of metal, or a delicate 
piece of je^^llery, in every case a representative 
sample muw be obtainea. In the case of ore 
in Situ underground, pieces are taken from a 
number of different points and either mixed or 
examined separately. Ore which can bo moved 
is reduced in bulk either by hand or by machinery, 
and is generally crushed finer between each 
successive reduction in bulk. Every second, 
fifth^ tenth, or twqptieth shovelful or car-load 
may be set aside as a sample, or the whole heap 
may be made into a perfect cone, which is 
flattened and divided into four quarters along 
two diameters. Two opposite quarters are 
removed and mixed, and the process of ‘ coning 
and quartering ’ repeated as often as necessary. 
A heap or vat of ore or tailings, which must 
be sampled without being moved, is pierced at 
regularly spaced interval by a sampling tube 
which resembles a cheese-taster, and withdraws 
a cylindrical sample extending to the bottom 
of tho vat or heap. 

in automat)c sampling machines, which 
are much used in Western America, the crushed 
ore is made to slide down an inclined plane or 
rotating cone, and a portion of the stream of 
ore is deflected and set aside as a sample. Those 
machines are preferred which momentarily 
take the whole stream of ore at regular intervals 
of time. A stream of pulp is sampled by the 
passage through it from side to side or from tOp 
to bottom, at regular intervals of time, of a 
receptacle which is large enough not to overflow 
while the sample is being intercepted. The 
pulp sample is then filtered and dried. Further 
reduction in the laboratory is elTccted by ooning 
and quartering or by a machine such as tho 
riffle or sampling tin,' which consists of a series of 
metal troughs arranged side by side and fastened 
at equal distances from each other. A stream of 
ore let fall on it is in part retained by the troughs 
and in part passes through. 

The final grinding of the ore is effected by 
means of an iron pestle and mortar, or of a large 
hammer with a curved face sliding on an iron 
plate (or huckhoard), or by spme form of rolling 
or grinding mill. The crushed ore is passed 
through a sieve, the fineness of which varies 
acoormng to the ore and the method of assay. 
If a panning t^st is required, a 20-me8h sieve 
{Le. one with 20 holes to the linear inch) suffioes. 
For most fusions, e.g. dry lead assay, a 60-mesh 
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sieve is used, Gold ores are crushed through an 
80- or lOO-mesh sieve, and in the case of tin ores 
and of telluride ores of gold, the best results are 
obtained by using 120-mo8h sieves. Before it 
can be passed through a fine sieve, the ore 
must be dried, so that the moisture is determined 
on coarsely crushed ore by drying at lOO* on 
a water-bath, or, if the dry material is not likely 
to be affected in any way by a somewhat higher 
temperature, it is heated bn a sand-bath. In 
crushing rich gold and silver ores, mint sweep- 
ings, &c., pieces of metal are found which 
become flattened out and are caught on the 
sieve. These ‘ metallics ’ are treated separately, 
and the value calculated on the weight of ore 
from which they were derived. 

The dried and crushed sample is thoroughly 
mixed by means of a spatula in a basin, or on 
rubber-cloth, before the portion required for 
assay is weighed out. If stored in a bottle or 
tin, the movement of the vessel causes the heavy 
particles to settle, so that the material at the 
bottom becomes richer than that at the top. 

Ingots of metal are sampled by cuts taken 
from the corners or edges, as m the case of 
refined gold and silver, or by drillings from a 
number of diflereiit spots, as is sometimes done 
in the case of iron and steel and of unreiined 
gold and silvei Jhgs of argentiferous lead are 
sometimes sampled by driAlmgs or saw ^luta. 
Base geld and silver ingots, and in many cases 
ingots of steel and pigs cf lead, are melted and 
stirred, and a portion dijiped out and granulated 
by pouring into water, or cast into a little ingot. 
Coins arc sampled m various ways, silver corns 
being seldom uniform in composition. The 
simplest method applicable to all is to roll them 
out and cut them into a largo number of little 
pieces, so that all parts of the com may be 
represented in blie portion taken for assay. This 
method is adopted in the Pliiladelphia Mint, 
but is not in general use, other more eompheated 
methods being jireferred. Gold and silver wares 
are usually pickled, and are richer on the surface 
than in the interior. In sampling them, it is 
accordingly necessary to remove the outside by 
scraping and I hen to scrape off a portion of metal 
for assa^ . 

'Fhe preltnunary cxaminalion ol ores includes 
careful inspection, which is all the more useful 
if some comparatively large pieces are included 
in the sample. The proximate constituents, 
such as quart/., pyrites, magnetite, galena, &o., 
are thus observed, and the proportions in which 
they arc present roughly estimated, this informa- 
tion being required .n making-up furnace charges. 
Frequently a concentration tost is made in a | 
miner’s pan (a flat-bottomed sheet-iron pan 
about 20 inches in diameter, and 3 or 4 immes 
deep, with sloping slides) or ^ vanning shovel, or 
in anv basin, pan, or even clock-glass available. 
For this purpose a portion of 26 grams or more 
is weighed out, stirred and shaken with water 
by a circular motion on the shovei, and the 
lighter articles rinsed away and caught in a 
basin. Finally by a combination of the circular 
motion, and a series of jerks, the denser particles 
are thrown up and the lighter ones washed 
down the shovel. The concentrates are ex- 
amined with a lens or separated, dried, and 
weighed, or treated with acid, or examined 
by means of the blowpipe, or in other ways, in 
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order to determine the presence or absence of 
elements likely to intoriere with the method 
of assay chosen. The vanning shovel is used 
particularly with tin ores, but may be applied 
to any others. Panning tests are especially 
useful in the examination of gold ores, out are 
also required to determine the nature of the 
‘ mineral ’ or compounds of the heavy metals 
in almost all ores. The test may be applied 
to half a gram of ore in a watch-glass, if no more 
can be spared. 

The furnaces used by aasayers are the muffle 
furnace, and the melting or wind-fumaoe. 



Fio 1. 

The muffle furnace consists of a small oven or 
muffle of refractory fireclay open at the front, 
and having an arched t(>p. ,It is heated by 
coal, coke, oil, gas, or electricity. Muffles 
vary in size according to the amount of work, 
to be done, but those used at the Royal Mint may 
be considered full size. Sectional views of one 
of these furnaces are shown in Figs. 1 and 2. 
The muffle a is 14 J inches l^ng, 8^ inches wide, 
and 6 inches high, inside measurements, with 
walls about f inch thick. The mouth is closed 
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by the firebrick b and by a sliding plate resting 
on B. Air enteric through bclea in the sliding 
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plate and passes out at the back through the 
tube c, which has a sliding damper and leads 
into the main flue. The fuel is ordinary gas, 
supplied by a row of bunsen burners d, and 
complete combustion of the gas may be aided 
by clay fireballs surrounding the muffle. The 
Hues B B caVry off the waste gases. The fur- 
nace walla consist of firebrick bound with 
iron and covered with a thick layer of mag- 
nesia and asbestos to check radiation. No 
chimney stack or forced draught is required for 
this furnace. 

A melting furnace adapted for the use of 
coke as fuel and suitable to make fusions in 


assay operations, is sho^vn in section in Fig. 3, 
in whicn a is the fireplace, b the flue, c the 
ashpit, D the damper, and e the fiiedoor. The 
most useful size of 
th% fireplace is 
about 9 inches 
square, and about 
10 inches in depth 
from the firebars 
to the flue. 'J’he 
furnace is built of 
brick and lined 
with firebrick. It 
is bound with 
angle iron or 
covered with iron 
plates bolted 
together and fur- 
nished with tie 
rods. Gas-melting 
furnaces with 
natural draught 
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or using a blast of air are less common. Fluxing 
crucibles cofisist of fireclay or, in the assay of 
galena, of wrought of different 

sizes and shapes, the best -known being the 
!|^attcrsea (round, (iorniah, and triangle). 
French, Hessian, and (Colorado crucibles, the 
last-named being u.'tcd for making fusions in the 
muffle, a common practice m America. Most 
crucibles require ccrcful annealing before being 
used, Roasting dishes made of fireclay are 
for the roosting of ores ; fireclaj^ scorifying 
dishes or scorifiers are used in the* process of 
scorification ; cupels of various shapes and sizes 
are made of compressed bone-ash or magnesia, 
and ara required in the assay of the precious 
metals. The bone-ash cupels may be made by 
the assayer^ and must be carefully dried before 
use. Magnesia cupels are usually bought 
ready-made. 

The reaffcjUs used in fire assay may be 
classed as fluxes, agents for reducing, oxidising, 
sulphurising, and desulphurising, and covers to 
protect the contents of the crucible from the 
action of the air, furnace gases, &c. Generally 
speaking, an ore consists of compounds of a 
heavy, metal or metals (the mineral), together 
with a quantity of earthy materials, such as 
quartz, silicates, &c. (the gangue). It is re- 
quired to reduce the valuable constituent to 
metallic form, and to incorporate the remainder 
of the ore in a fusible slag, through which the 
particles of metal may settle to the bottom, 
where thejf ^collect in the form of a button. 
Sometimes a regulus or matte (sulphide of a 
heayy metal) or a speise (arsenide of a heavy 
metal) forms a separate layer between the metal 


and the slag, and a cover, say, of common salt> 
may be provided which is lighter than silicate 
slags and floats on the tap. On breaking open 
a cold crucible in which a fusion has been 
made, there are, therefore, frequently four 
layers. 

The principal fluxes used are sodium car- 
bonate, which forms fusible mixtures with acid 
(siliceous) ores, and also acts as a desulphuriser, 
converting pyrites into a mixture of sulphides of 
iron and sodium which does not form a regulus, 
but is dispersed through the slag, (.’arbonato 
of soda is now generally used in the anhydrous 
form, NajOOj, but the bicarbonate, which gives 
up half its earbonic^acid without fusion is also 
suitable. 8oda erystaks give up th(‘ir water of 
crystallisation with ebullition, and are not 
suitable unless jireviously dried. Basic ores 
require borax, which forms fusible mixtures 
with oxides of iron, lime, ; and increases the 
fluidity of most charges. (Vystalliaed borax 
powder on heating swells up enormously, gives 
uj) its water and fuses into a glass. '^I’he swelling 
may occasion loss in the assay if the crucible is 
too full. To avoid Ibis, borax glass may be 
used, which is equivalent to about double its 
weight of ordinary borax. latharge i.s a useful 
flux, esjiecially for oxides of iron, copper, &c., 
but atta<‘ks and corrodes the crucibles. Fluor- 
Hjiur ifsonudimes UH«'fj, especially for iihospbates. 
Sand is often required to protect the cnicible 
from attack by basic ores. 

'I'lic reducing agents are carbon (charcoal 
powder or lampblack), flour, tartar or argol 
(crude hydrogen potassium tartrate), and 
occasionally potassium cyanide. One part of 
cliarcoal is about equal to two jiarts of flour 
or five of tartar, but tartar also acts as a flux, 
being converted by beat into carbon and 
potassium carbonate. Black flux is a reducing 
mixture made by deflagrating one ])art of nitre 
with two and a half parts of argol. 

The chief oxidising agents, which are also 
desulphunsers, are hot air, litharge or red lead, 
and nitre. Iron is often used as a desulphurising 
agent. The ordinary materials used as covers 
are borax and common salt. 

The balances and weights do not differ, as a 
rule, from those used in ordinary chemical 
analysis, the most notable exbeption being in 
the case of those used in the assay of gold and 
silver. The proportion of these metals present 
in ori» is reported in troy ounces, pennyweights,, 
and grains per ton, or sometimes in ounces and 
decimals or in pennyweights and decimals. 
The weight of ore taken for assay accordingly 
contains as many milligrams as there are ouncea 
troy in a ton (29,166 in a ton of 2000 lbs., and 
32,666 in a ton of 2240 lbs.). This weight of 
29T66 grams is called an assay-ton (or A.T.), 
and boxes of weights made up of assay- tons and 
decimals are used by many assayers. Then 
the gold extracted from the sample of ore is 
weighed in milligrams, and can be reported 
without calculation. In the assay of gold 
bullion the weights commonly range from 
‘ 1000 ’ downwards, where 1000=»0-6 gram or 
some other unit such as 6 grains. Much 
tedious calculation is avoided by thus mark- 
ing the weights so that their faoe-vklne 
j gives at once the result of the assay. Again, 
in assaying silver by precipitation as ohloxido 
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(India Mint method, see p. 419), sinoe 18*815 
grains of pure silver are contained in 25 grains 
of chloride, it follows ihat if 18 -8 16 grains of 
an alloy be always taken for assay, and the 
resulting chloride be weighed out with a series 
of weights the largest of which is marked 1000, 
and is equal to 25 grains, and the others are 
marked correspondingly, tlion the subsidiary 
weights of this series will indicate the result of 
the assay without calculation. A similar senes 
can, ol course, bo arranged for any special 
purpose. 

The balances used for weighing gold and silver 
In bullion assays are light and delicate, taking 
about 2 grams as their maximum of weight, 
and turning to one hundredth of a milligram. 
Usually, one division of the ivory scale is made 
equal to 0*05 mg. Balances for weighing 
the parted gold in ore assays are still more 
delicate. The maximum weight which they 
pan carry is only 1 gram or even less, and they 
turn with one-hundredth*or in .some cases only 
one five-hundredth of a milligram. Milligram 
and half-milligram riders are u.sed, but the 
final reading is always based on the deflection 
from the zero position of the pointer, measured 
by the number of divisions on the ivory scale 
covered by the swing. At the present day short 
beams of C inches, 4 inches, and even 8 cm. in 
length, are in use, so that the balances arj ver\' 
rapid in action in spite of their sensitiveness. 

In quantitative blowpipe work on gold and 
silver, it has boon found possible to dispon.se 
altogether with a delicate balance, and to use 
an ivory sckle (Plattner’s scale), by which the 
diameter of the bead of metal is accurately 
measured. The principle has been extended 
in the assay of poor materials, and beads of 
microscopic dimensioas are placed on the stage 
of a microscope and measured by means of "a 
micrometer eyepiece. In this way L. Wagoner 
(Trans. Am. Inst. Mining Eng. xxxi. 1901, 
798) obtained a close approximation to the 
weight of beads of silver of 0*02 mm, in diameter, 
which weighed about 0 00004 mg. 

The above summary has special reference to 
the requirements of a laboratory for making 
dry or fire assays. For wet assays, the apparatus 
and reagents are those of the ordinary analytical 
laboratory (v. Analysis). 

In all methods of assaying, wet or dry, 
time must be considered as well as accuracy. 
Jt is sometimes important to arrive at a result 
in the course of an hour or less, and some of 
the methods described are intended for such 
emergencies, whet, extreme accuracy must ho 
saorinced. It .is also necessary to observe 
that assay methods are intended to be com- 
parative, and wherever it is ^ssible check assays 
on similar materials of .known composition 
i^hould be made side by side with the assays of 
ores or other bodies requiring examination, and 
a correction applied to the results. In the 
following p^os, only methods in common use 
in assay ofmjes are described. The methods 
of ordinary analysis are generally omitted oi 
made the subject of brief reference. 

AlumiBlum. There are no special methods 
of assaying the ores of this metal. The silicates 
are 'broken up, and the silica removed as 
usual, and the acid solution of the bases is 
treat^ so as to separate the metals contained 


, in it. Aluminium is precipitated and weighed 
as phosphate AilDi, or oxide AlgO^. It is 
sometiifies weighed as oxide toother with oxide 
of iion FejO,, and also PjOj, if these con- 
stituents are present in the ore. The last 
mentioned constituent is of course, combined 
as phosphate. The phosphorus alia iron are 
then determined, aluminium being estimated 
by difference (Low’s Technical Methods of Ore 
Analysis, Ist ed. 22). 

Antimony. The antimony in ores may be 
determined by fusion with cyanide of potassium 
or with iron (avoiding excc.ss) and black flux, 
but the results are unsatisfactory. The sulphide 
of antimony in an ore may also be approxi- 
mately dotenninod by charging 600 ^rams of 
ore broken to nut-sizo into a clay crucible with 
a perforated bottom. This oriicible is fitted into 
another of about the same size, and the j^nt 
carefully luted. A cover is also luted on, and 
the whole is slowly raised to a red heat. The 
sulphide of antimony fuses and liquates into 
the lower crucible, from which it can bo detached 
when cold, and weighed. 1’ho fused sulphide 
of antimony, if pure, contains 7 17 p.o. of the 
metal. The valuation of antimony sulphide 
ores is usually (Effected, according to* Bedford 
McNeill (Bcrcnger’.s Assaying, 11th ed. 226), 
by having recourse to the ordinary smelting 
oi>eration, which is to be used in treating the 
ore on the large scale. Charges of about 20 kilos, 
of ore are used for the valuation. 

The wet methods of estimation of antimony 
in ore are far more accurate than those referred 
to abov(5. The ore is fused with sulphur and 
sodium carbonate, and then digested with 
water. A solution of an alkaline sulpho- 
com pound of antimony is thus obtained, wm 
which a mixture of antimony and arsenic sul- 
phides and free sulphur is precipitated by the 
addition of dilute hydrochloric acid. Aft^r 
the arsenic has been separated, the antimony 
sulphide is weighed or is oxidised by fuming 
nitric acid, and weighed as SbjO^. Ores may 
also be attacked by hydj^ochlorio acid. Thie 
antimony in the separated sulphide may be 
estimated yolumetrically, dissolving the sul- 
phides in hyilrochlorio acid and chlorate of 
potash, warming to expel the chlorine, abiding 
an excess of potassium iodide, and titrating 
with thio.sulphate of soda (J. Soc. Chem. Ind. 
XV. 265). 

Arsenic. The determination of arsenic in 
ores and metallurgical products is usually made 
by Pearce’s method, which consists in fusing 
about 0-5 gram of the ore with 6 grams of a 
mixture of equal parts of sodium carbonate 
and nitre, dissolving out the soluble arsenate of 
the alkalis and precipitating the arsenio in a 
neutral solution by means of silver nitrate. 
The precipitated brick-rod silver arsenate 
Ag.As 04 is filtered off, dissolved in nitric acid, 
and the silver in it determined by Volhard’s 
thiocyanate method. The amount of arsenic 
present can then be calculated (Low’s Ore Ana- 
lysis, 41). Small quantities of arsenic in metals 
and minerals may be separated by distillation 
with ferric chloride and calcium chloride in a 
hydrochloric acid solution, the distilleJA arseniouB 
chloride being condensed in a vessel of cold watw 
(Berenger’s Assaying, 384). (For arsenio in sted, 
see p. 417.) , 
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Bismuth, if present in an ore in the metallic l0re 
state, may be determined by liquation, th§ ^Jitre* 
method of procedure being similar to thrft used 
in liquating sulpliide of antimony (g.v.). The fluorspar 
bismuth in an ore may also be determined by . " 

fusing it wi^h fusion mixture, common salt, and 
cyanide of 'jpotassium. These methods are Ucematito 
inexact, and bismuth is usually determined by guipjmj. 
being weighed as Bi.^Oa after precipitation as j Ari/ol 
carbonate, or as BiOCl on a weighecl filter or a 1 ^ 



Gooch crucible after being dried at 100°. 
Bismuth in metallic lead is precipitated and 
weighed as BiOCl, and in metallic copper it 
is (h^tected by the colour given to lead iodide. 
(For estimation of bismuth in copper, see 
p.414.) 

Chromium occurs in chrome-iron oro and 
sometimes in other* iron ores, in pig-iron and 
in sjoel. Small quantities of ehromium in iron 
ores, after separation from other metals and 
earths, are precipitated by lead acetate in an | 


The charge is fused in a ‘ largo eofiper ’ crucible 
at a low red heat, which is gradually raised. 
After about 15 minutes the charge is poured into 
a conical mould, and, as soon as the slag is 
solid, it is taken up by tongs, dipped into water, 
and allowed to dry. When treated in this way, 
the slag breaks up readily. The regulus is 
detached by a hammer and crushed to powder 
in an iron mortar. It should be reddish-brown 


in colour and contain about 60 p.c. of copper 
and 20 p.c. of iron. It is roasted in a Cornish 


acetic acid solution, and weighed as PbCrO^, 
or, in the alternative, reduced by sulphurous I 
acid and the chromium precipitated from the j 
green solution by moans of ammonia and i 
weighed as Cr.Oa. Chrome-iron ore is assajed 
by a volumotrio method based on the oxidation 
of ferrous iron by chromium in the form of 
chromate. The chromium is oxidised by 
fusion with peroxide of sodium (J. Iron and 
Steel Inst, xivui. 153). The ferrous iron is 
added in the form of a weighed amount of ferrous 
ammonium sulphate or of a weighed amount of 
metallic iron dissolved in sulphuric acid. The 
excess of ferrous iron present in the solution con- 
taining the chromium is titrated with per- 
manganate. Chromium in steel is precipitated 
and weighed as chromium phosphate {Chem. 
News, Ivii. 1888, ,153), or as chromic oxide 
Cr.O,. 

• Cobalt. See Nickel, p. 418. 

Copper, The principal ores of copper are 
(a) native copper ; (ii) sulphide ores, copper 
pyrites or yellow ore, erubescite or purjile ore, i 
grey copper ore, &c. ; (c) oxidised ores, malachite, j 
silicate of copper, &c. The treatment of copper ' 
ores results in the production of copper matte 
or regulus containing from 30 to 60 p.c. of copper, 
and cement copper or copper precipitate, con- 
taining 70 p.c. or more of metallic copper. 
In addition to these materials, ordinary com- 
mercial standard copper, refined copper, and 
the alloys of copper require to be assayed. 

The chief methods in use are as follows : — 

(1) Dry or Cornish assay, long used in con- 
nection with the sale of copper ores, but 
applicable chiefly to mattes and rich sulphide 
ores. It is especially unsatisfactory when 
dealing with poor ores, but gives low results in 
all oases, the loss, according to Beringer, ranging 
from 2 p.c. of the copper present in the richest 
materials to 33 p.c. of the copper in 2 p.c. ore. 

It consists in fusing the calcined regulus for 
metallic copper and refining the copper. Rich 
oxidised ores are fused for metal at once. The 
amoui^ of ore taken for assay is 400 grains, 
but with rich material only 200 grains or even 
100 grains are taken. The fluxes vary with the 
nature of tlie ore, in which there may bo too 
much sulphur and iron, as in coppery rites, &o. , 
or too little, as in grey copper. The following 
are examples of the charges , 


crucible in the melting 'furnace or in a roasting 
dish in the nuifflo, at a low but increasing 
temperature, with continuous stirring at first. 
W hen ‘ sw'cet,’ t.e. not smelling of sulphur, at 
a full red heat, it is mixed with a little charcoal 
powder, and re-roasted to docompo.se sulphates. 
.It is then crushed again, if necessary, and fused 
in the same crucible with argol, borax, and 
sodiuia. carbonate. • A high temperature is 
required, and the charge is poured in about 
15 mmutes. The slag is detached and cleaned 
by a second fusion with more argol and sodium 
carbonate. 'The ‘ coarse cupper ’ obtained in this 
way is refined by being charged into a very hot 
crucible and melted. The impurities are 
oxidised by the air and form a ring of oxides 
round an eye of copper. Then refining flux, 
which consists of a deflagrated mixture of nitre, 
argol, and common salt, is added, and 2 minutes 
later the copper is poured, and if it is found 
to be at ‘ tough pitch,’ it is weighed. The slag 
contains copper, and must be cleaned. (For 
full details of the method, see ] ercy’s Metallurgy, 
i. 1801, 454-478.) 

^ (2) Eleclrolyiic assay of copper. The weight 

of ore taken for assay depends on its richness, 
j a convenient amount of metallic cop|ier for 
i electro-deposition being from O'l to 0*5 gram. 

! When using this method or any of the other 
j wet methods, the copper must first be brought 
into solution and usually separated from other 
I metals. Oxidised ores may require merely to 
be treated with hydrochloric acid. Sulphide 
ores, mattes, copper precipitate, &o., are at- 
tacked by nitric acid, evaporated to dryness, 
and taken up by hydrochloric acid. Copper 
slags are fused with sodium and potassium 
carbonate (fusion mixture), and a little nitre, 
and are then digested with water and hydro- 
chloric acid. 'The copper is precipitated from 
its hydrochloric acid solution by means of 
sulphuretted hydrogen or (after evaporation 
with sulphuric acid) by sodium thiosulphate, 
and the sulphides are filtered off and redissolved 
in nitric acid. The copper may also be separated 
from other metals by adding sulphuric acid to 
the nitric or nitrohy^oohlorio acid solution and 
boilirm off the volatile acids. The solution is 
oooledj diluted and filtered, and the copper 
precipitated at a boiling temperature with 
aluminium folk For the electrolytio assay, the 
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solution obtained in one of these ways is diluted, 
warmed, and filtered into a 200 o.o. flask, and 
•made up to about lOOjp.o., of which from 2 ‘6 to 
5 p.c. should be nitric acid. Platinum electrodes 
(spiral and weighed cone or cylinder) are then 

S ’aced in position, and a current from two 
aniell cells in series is passed through for 
16 or 17 hours. The cylinder is removed from 
the colourless solution, washed with water and 
afterwards with alcohol, dried in a water-oven, 
and weighed. The copper precipitate should 
be salmon-red in colour. The solution still 
contains a little copper, which is estimated 
colorimetrically, ammonia being added, and the 
colour, after filtration, con^jiared with those of 
standard solutions containing known amounts 
of copper. Silver, mercury, bismuth, arsenic, 
and antimony interfere with the process, being 
deposited with the copper. Mercury, however, 
is separated on dissolving the sulphides in nitric 
acid. Bismuth turns the copper dark grey, but 
is not deposited until nllost of the copper has 
been thrown down. Arsenic and antimony 
darken the copper deposit, but may be driven 
off by heating to dull redness. Lead is de- 
posited at the anode as a dark-coloured coating 
of PbO,, and may be weighed in that form, 'riic 
electrolytic assay is suitable for all . materials 
containing copper (rf. Electrolytic analysis). 

By rapidly rotatmg i\m cathode a cgjierent 
deposit can be obtained even when a strong 
current of 10 .to 12 amperes per 100 sq. cms. ot 
cathodic area instead of the usual current of 
0-6 to 1 *0 ampere is used. The time required for 
the deposition of the copper may thus be 
shortened to a few minutes (Amer. J. Sci. 1903, 
xvii. 320, xviii. 06 ; J. Amer. Chem. Soc. xxv. 
896 ; Chom. Soc. Trans, xci. 373). 

(3) The volumetric assaif of copper. 'J’here 
are two mam processes — the potassium cyanide 
and the iodide methods. Both are in wide 
use in the assay of ores, alloys, &c. In pre- 
aring to use these methods, the copper is 
rought into solution, and may be separated 
from other metals, &c., as already described, 
with any further precautions necessary to 
remove special impurities. With ordmary j 
pyritic ores, however, containing no zinc, silver, 
nickel, or cobalt, it is sufficient, in preparing 
for the cyanide process, to heat the ore gently 
with, concentrated nitric acid to which a little 
sulphuric acid has been added. It is then 
diluted, an excess of ammonia or of NugCO, 
added, the bulk made up to some convenient 
amount such as 300 c.o., and the solution titrated 
with potassium yanide. The blue solution is 
decolourised, aiid when overdone changes to a 
straw-yellow colour. The results are affected 
by time, temperature, degree of dilution, and 
by the amounts of ammonia and of ammonium 
salts. The conditions of the check assays on 
pure copper and those on ores, &c., must 
therefore be identical, and ferric hydrate, for 
example, must be present cither m both or in 
neither. If, however, the solution is free from 
ammonia and ammonium salts, and is made 
alkaline with sodiam carbonate, the effects of 
time, temperature and degree of dilution are 
much reduced, while ferric salts do not affect 
the result unless present in such amount as to 
mask the end reaction. The standard cyanide 
solution, which decomposes somewhat rapidly. 


1 conteins about 42 grams KCy to the litre, and 
1(X) 0 . 0 . of this is equivalent to 1 gram of copper. 
The reaction, according to Beringer, is repre* 
sented by the equation : 

CuS04-f4KCy=2KCyCuqyi+KtS04. 

The quantity of copper usually ptesent in an 
assay is about 0-5 gram. At the finish the effect 
of an addition of 0*5 c.c. of cyanide is readily 
observable. Zinc, silver, nickel, and cobalt 
interfere with the assay, and must be removed 
before titration. 

In the iodide method, the alloy or the sul- 
phide of copper separated from the ore is 
dissolved in nitric acid, evaporated almost to 
dryness in order to expel nitrous fumes, and 
diluted. The nitrous products may also be 
destroyed by urea. The solution is then filtered 
if necessary, and carefully neutralised with 
sodium carbonate, avoiding excess. One c.ff. of 
acetic acid is then added, which should be enough 
to redisBolvo the precipitated copper. Next, 
after cooling the flask, an amount of about 
5 grams of potassium iodide crystals is added 
(or not less than ten times the weight of the 
copper present) ; the solution is diluted to a 
fixed amount, say 50 c.c. ; and the* liberated 
iodine is at once titrated with a solution con- 
taining 39'1 8 grams sodium thiosulphate (equiva- 
lent to 10 grams of copper) to the litre. The 
reactions are represented by the equations : 

2Cu8( j- 4 KI = Cu J a + 21 + 2K 28 (>4 

2Na28a(),4-2l=2Nal l-Na 2 S 40 o. 

When tlio yellow colour is almost discharged, 

2 c.c. of fresh starch solution is added, and the 
addition of the thiosulphate continued drop 
by drop until the blue colour disappears and 
does not return within 2 or 3 minutes. The 
effect of one drop or 0*05 c.c. of standard solu- 
tion, equivalent to 0*5 mg. copper, is observable. 
The solution is standardised with pure electro- 
lytic copper. Ferric acetate, arsenic, lead, and 
large quantities of sodium acetate may interfere 
with the titration. According to J. W. West- 
moreland (Beringer’s Assfiying, 441), sodium 
acetate counteracts the interference of arsenic 
and bismuth, and the bad effect of large quanti- 
ties of sodium acetate is removed by doubling 
the amount of potassium iodide added. Iron, 3 
present, is precipitated by ammonium phosphate 
( J. Soc. Chern. Ind. v. 48). Instead of neutralising 
with sodium carbonate and acidifying with acetic 
acid, an addition of 20 c.c. of a saturated solution 
of zinc acetate may be made (A. H. Low). 
In order to dispense with the large quantities 
of expensive potassium iodide required in the 
ordinary method, Moir proposes (J. Chem. Met. 
and Mng. Soc. of S.A., vol. xviii., Nov. 1917, 
p. 133) to add a slight excess of sodium thio- 
sulphate to the usual very faintly acid solution of 
cupric acetate, and to titrate back with N/IO- 
lodme, of which only a small quantity will be 
required. 

The colorimetric method of assaying copper 
is sometimes used in the case of very poor ores, 
or generally whenever the quantity of cimpei 
present is small. Reference has been mode to 
it above. • 

Examination, of commercial copper. Electro- 
lytic and Lake copper are generally nearly pure, 
but some of the^metal sold contains as much ai 
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2 or 3 p.o. of impurities. The most im- 
portant of these are arsenic, lead, nickel, oxygen, 
and phosphorus ; but antimony, bismuth^ cobalt, 
gold, iron, selenium, silver, sulphur, and tellurium 
may also be present. The impurities to be 
looked for in copper which has passed a high 
conductivily test are mainly bismuth, selenium, 
and tellurium. Arsenic and phosphorus are 
separated as iron arsenate and phosphate 
mixed with acetate. Gold and antimony are 
separated by dissolving the copper in nitric 
acid, and silver is precipitated as chloride or 
bromide from a nitric acid solution. It may 
be collected in a precipitate of lead sulphate 
Nickel is left in solution by precipitating copper 
electrolytically, or by sulphuretted hydrogen 
in an acid solution. Lead is detected by the 
blackening of tha anode in the electrolytic 
assay, and is estimated as sulphate or chromate. 

*^he methods of determining oxygen may be 
classified in two groups (J. Inst. Metals, vn. 1912, 
232) 

1. The estimation of cuprous oxide. 

2. The estimation of total oxygen. 

In Hampe’s method {/eitsch. anal. Ghem. 
xiii. 1874, 215) of estimating the amount of 
cuprous bxide in copper, the copper is dissolved 
in cold dilute silver nitrate solution free from 
acid. The equations are as follows : — 
'Cu+ 2 AgN 03 -r=Cu(N() 3 )a+ 2 Ag 
3Cu0O+OAgNO3+3H..O 

= 2Cu{N();)a-l 2 Cua(H 0 ) 8 N 03 + 6 Ag 

The copper existing as ('UjO is found by 
multiplying the copper in the precipitate by 
The results are satisfactory. 

Total oxygen is c*.sti mated by heating thin 
strips or bright turnings of copjier to redness m a 
stream of hydrogen and weighing the water 
produced, or, better still, the residual copper. 
In the latter case, as mirrors of arsenic, antimony 
and bismuth may be formed, it is necessary to 
weigh the tube and copper together. 

Bismuth is separated, according to Beringer, 
by precipitation by sodium bicarbonate. After 
redissolving in sulphuric acid, it is boiled with 
sulphurous acid and potassium iodide, and the 
bismuth in the yellow solution estimated 
oolorimetncally. Tellurium and selenium (J. 
Amer. Chem. Soc. xvii. 280) are precipitated as 
iron tellurite and selenite by additions of iron 
nitrate 'and ammonia. The precipitate is re- 
dissolved in HCl, tartaric acid and potash added, 
and a current of sulphuretted hydrogen passed. 
The selenium and tellurium are subsequently 
precipitated by a current of sulphurous acid in a 
hydrochloric solution, and parted by boibng with 
potassium cyanide. 

Gold. Gold is generally in the metallic 
state in its ores, either in the form of grains, 
scales, pellets, &c., in loose alluvial gravels, or 
in various forms embedded in quartz or other 
gangae in veins. It is frequently associated 
with iron .pyrites, blende, &c., but the only 
native compounds are the tellurides. Besides 
these, the auriferous materials to be assayed 
comprise tailings or residues of ores after treat- 
ment, cornier bottoms, pig lead, unrefined 
bullion, wnsch contains silver, copper, and other 
metals, fide (t.e. refined) gold, and the commercial 
aljoys used for coinage, ])late, &'c. The assay 
oi gold ores and alloys is made with greater 


exactness than other assays, owing to the high 
value of the metal. 

A pinniiuf assay, or concentration test is 
carried out as described on p. 409. The con- 
centrates consist of ‘ black sand ’ or oxides of 
iron, titanium, &c., sulphides and arsenides, 
and sometimes grains of platinum. Free gold 
IS sometimes visible, and is collected by grinding 
in a mortar with mercury, panning out the 
amalgam, and recovering the gold by distilling 
off the mercury or dissolving it in nitric acid. 
In either case the gold must be parted from the 
silver as described <m p. 41fi. The panning 
as.say ot alluvial gold deposits is usually reported 
111 grams of line gold per cubic yard, which 
weighs about 3000 lbs., or short tons. In 
the panning assay, from 60 to 90 p.c. of the 
gold in the ore is usually recovered. 

Ordinary gold ores arc assayed by (1) the 
fusion or crucible method, or (2) the scorification 
method. In the crucible assay, the ore, crushed 
through an 80'mesh of finer sieve, is mixed with 
litharge or red lead, charc;oal, or argol, and the 
neces.sary fluxes, and, fused in the melting furnace 
or, as m Western America, in the muffle. 'J'he 
amount of ore taken is usually 1 A.T. (assay- 
ton, see p. 410), but is sometimes only i A.T., 
and, in the oa.se of poor tailings in wWch there 
are only a few grams of gold per ton, as much as 
12 A^r. is taken ai^l fused in several charges, 
the gold bemg finally collected into one lead 
button. The fluxes vary with the nature of 
the ore. The following are typical charges 
subject to very large variations to meet special 
cases ; — 


— 

A. SillciouH ore 
(grey or white 
with a little 
pyrites, Ac.) 

1 B. Basic 
oxidised 
on; (red or 
brown) 

C. Pyrltlc 
ore 

Ore . 

Litharge or 

1 A.T. 

1 A.T. 

1 A.T. 

red lead 

1 M 

1 ,. 


(Charcoal . 
Sodni m j 

L2-l*6 grams 

2-0 grams 

0-1 gram’ 

carbonate 

li A.T. 

26 „ 

1 A.T. 

Borax 

5-10 grams 

10 „ 

10 grams 


Sand is added to B and C if necessary for the 
protection of the crucible from corrosion. The 
borax is usually not mixed with the , charge, 
but is added as a cover or charged in after tne 
fusion has begun. The charge is well mixed 
and put into a cold crucible, which it must not 
make more than two-thirds full, and pieces of 
hoop iron or two or three tenpenny nails are 
embedded in the ihixturo. The crucible is 
gradually heated, a red boat beginning to appear 
after about 10 minuto.s, and a dull red heat not 
being attained for 30 minutes or more. Tranquil 
fusion results in 40 or 60 minutes from the time 
of charging in. The pot is then lifted out of 
the furnace, the nails removed, and the charge 
I poured into a conical mould or allowed* to cool 
in the pot, which is afterwards broken. When 
cool, the lead button is detached from the 44ag 
by hammering.* 'J’he button should weigh at 
, least 25 grams. If less than this amount of 
lead is reduced, a fre. b charge is made up oon- 
I taming more charcoal, and any change is made 
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in tbe fluxes which may seem desirable from the 
appearance of the slag, if the lead is hard or 
brittle, owing to the presence of impurities, it is 
usually scorified, sometimes with the addition 
of fresh load, before being cupelled, os other* j 
Avise the loss of gold is increased. 

The slag will contain gold and a fortiori 
silver if the conditions during fusion are favour- 
able to oxidation of the metals. For this reason 
it is better to reduce almost all the litharge 
than to leave some of it in the slag, and the 
more readily oxidised metals — iron, manganese, 
&c. — must be reduced to their lowest oxides, 
ferrous oxide, &c. Practically all the copper, 
nickel, and other readily reducible metals will 
then be in the lead button. In the case of ores 
containing much copper, this is a disadvantage, 
entailing loss of gold in cupellation, and tno 
copper may be removed from the ore by treat- 
ment with acid before fusion (with some loss of 
silver) or large quantities of litharge (6 A.T. of 
PbO to 1 A 'r. of ore) may be added, and only 
a small part of it reduced. In the latter case 
the slag contains gold and silver, and is cleaned 
by a second fusion, with the reduction ot more 
lead. A similar method of fluxing is used for j 
tellurido ores, an excess of litharge in the slag j 
peventing tellurium from entering the lead 
button. Antimonial and arsenical gold ores | 
are sometimes roasted wi^ii coal-dust ir^a re- 
ducing atmosphere, in order to remove the 
antimony or ansenic as a sulphide before fusion. 
An alternative method is to fuse with much j 
litharge ard enough nitre to oxidise the antimony 
with the formation of antimoniates. Sulphides 
may be roasted in air before fusion. 

The lead button, rounded by hammering, is 
placed on a hot cupel in the muffle (see p. 40.)), I 
which is kept at a full red heat. The lead melts 
and oxidises, and the litharge and other oxides 
are absorbed by the cupel, the gold and silver 
being left as a bead (or ‘ prill ’) on the surface. 
If the bead is largo and contains much silver, it 
must be cool' d padually to prevent it from 
‘ spitting ’ on .solidification, by which part of the 
metals might be lost. The bead is cleaned, ' 
weighed, flattened, and parted by dissolution in J 
boiimg nitric acid in a porcelain crucible or test- j 
tube. If le.ss than two parts of silver are present 
to one of gold, the metals are not parted com- 
pletely, silver being left in the gold, and it is 
convenient to have a greater proportion of silver 
present. It is, therefore, often necessary to 
melt the bead with more silver, the proportion 
varying with the size of the bead, as follows : -- 
Weight of gold Silver required for parting 

10 mdligraris 40 milligrams i 

1 » b M 

0-2 „ or less 2 „ 

A little extra silver is ^lermissible, but if too 
much silver is present, there is a tendency for 
the gold to break up into very fine particles, 
which are difficult to wash without loss. The 
separation of these minute particles is avoided 
by dropping the beadinto boiling acid, sp.gr. 1*2, 
when the parting will be conijdeted in a few 
seconds. The parted gold is washed free from 
silver nitrate, &o., and is made firm and co- 
herent for weighing by being annealed at a red 
heat. (For weights, balances, &o., see p. 410.) 
The silver is estimated by difference. The 
litharge, fluxes, &o., must be tested for silver 


and gold by running blank charges without 
ore. 

In »corificatio7i about 0*1 or 0*2 A.T, of ore is 
mixed with 30 or 40 grams of granulated lead, 
and transferred to a dry scorifier. The charge is 
covered by a similar amount of granulated lead, 
and from 0*5 to 1 gram of borax is sprinkled on 
last. The scorifying dish is then charged into a 
muffle, which has been raised to a temperature 
of 1000“- 110(1'^, or considerably above that 
required for cupellation, and the muffle is closed, 
A? soon as the charge is melted down, the muffle 
IS opened. The lead now oxidises, and the 
litharge, forming a ring of slag round the 
scoriiier, oxidises the sulphides, &c., and slags 
off the earthy materials in the ore. As oxidation 
proeeeds, the litharge encroaches on the ‘ eye ’ 
of metal, and at length covers it over. A pinch 
of charcoal powder is then added in tissue paner, 
and when the fusion is again tranquil, the charge 
18 poured into a moulil, and the slag detached. 
Tile lead is cupelled, and the assay finished as 
betore. 

In cupellation some gold and silver is carried 
into the cupel with the litharge, especially if 
tellurium, selenium, copper, (fee., are present. 
The gold and silver are usually recovered by 
fusing the crushed cupel with litharge, charcoal, 
sodium carbonate, borax, and fluorspar, and 
cupelling the button of lead (see Lodge’s Notes 
on Assaying, 112-1(59). 

Assay of gold bullion and alloys, A piece of 
the metal to be examined is adjusted by cutting 
and filing to con’espond in weight, with a standard 
weight marked ‘ lOCK),’ which varies with differ- 
ent asaayers betAveen 5 and 10 grains, but is 
iLsually (j-5 gram. To the assay piece is added a 
piece of silver (free from gold) equal in AA'oight to 
2i times (at the Royal Mint ^2-1 times) that of 
the gold estimated to be present in the alloy, 
which, if not already known, can be ascertained 
by a rough prelimmarv assay or by the touch- 
stone (see p. 41(j ). The whole is wrapped in 
sheet lead, the weight of which depends mainly 
on the amount of copper to be removed, and 
varies from 8 to 32 times Vhe weight of metal 
taken for assay. The lead packets are then 
transferred by means of tongs to cupels already 
raised to a bright rod heat in the muffle, the 
current of air through the muffle is carefully 
regulated and the heat maintained. In from 
10 to 20 minutes, a rapid passage of brilliant 
iridescent bands of colour over the surface of 
the button is observed to take place, and the 
Imttons then appear to become colder, no longer 
glowing brightly Avith the oxidation of the lead. 
A few minutes later the muffle is closed to allow 
the buttons to set without loss by spitting. If 
copper is present in the assay pieces, however, 
this is not to be feared, and the charge can be 
drawn while the buttons arc still mdteu. At 
the Royal Mint a charge consists of 72 assay 
pieces, which are charged in simultaneously by 
means of a divided metal tray with a itMing 
bottom and withdraAvn simultaneously while 
still molten by means of a tray made of a 
mixture of graphite and clay, on which the 
cupels are placed. The buttons are cleaned by 
bru.shing, flattened on an anvil, annealed in the 
muffle or before a blowpipe, and reduced to a 
' thickness of about 0 2 mm. by passage through 
I a small pair of flatting rolls. The ‘ fillets * are 
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again annealed and roiled into a spiral or ‘cornet ’ 
by the finger and thimb. 

The parting in nitric acid is effected either 
in glass ^parting flasks or in a platinum boiling 
apparatus. If parting flasks are used, an 
amount o4 about 2 oz. of nitric acid of sp.gr. 1*2 
is heated in the flask almost to boiling, and the 
comet is then dropped in and boiled until 2 or X 
minutes after the red fumes have disappeared. 
The acid is then poured off, and the gold, after 
being washed twice with boiling water, is boiled 
for a further 16 minutes with nitric acid of 
sp.gr. 1*2 dr stronger. The acid must be free 
from silver, chlorine, &c. 

The gold is again washed, and is thf'n trans- 
ferretl to a porous crucible or ‘ anneel.ng cup’ 
by filling the flask with water, placing the eii]» 
over its mouth, anil inverting it. 'I hc gold falls 
in^ the cup, and the flask is removed without 
agitating the water in the cup. The gold is 
then dried, annealed by heating to redness, and 
weighed. If no more than three parts of silver 
are present to one of gold, the cornet does not 
break up; and if enough is kno^vn previously 
of the composition of the bullion to make sure 
of this yi the cupelled button, a platinum, tray, 
containing a number of little platinum cups may 
be used. A comet is placed in each cup, and 
the whole tray is immersed in nitric acid, and 
subsequently washed by dipping in and out of 
hot water. Less acid is used per assay piece 
by this method, and the boiling is more pro- 
longed, 30 minutes in each of two acids of ap.gr. 
1*23 being used at the Royal Mint. 

In ea^ batch of assays, two or more check 
assays on pure gold are made to determine the 
* surcharge ’ or net sum of the losses of gold and 
the gain in weight due to the retention of silver. 
With alloys hoik'd separately in flasks, check 
assays are of comparatively little value (see 
•Rose’s Metallur^ of Gold, 6th ed. 470-498). 

Alloys of gold and silver If the alloy con- 
tains enough silver to be parted by nitric acid, 
no difficulty arises. The silver is dissolved, 
precipitated by hydrochloric acid, and weighed 
either as chloride or as metal. If the silver is 
deficient in quantity, the alloy is melted with 
two and a half times its weight of cadmium under 
a cover of potassium cyanide and parted with 
nitric acid. The silver is precipitated and 
weighed as chloride, or determined volumetri- 
oalJy in solution by moans of sulphocyanide. 
Sometimes the silver is determined by difference, 
the alloys being cupelled and weighed, and subse- 
quently cupelled again with the addition of 
silver, and parted. 

(For alloys containing gold and platinum, see 
p. 418.) 

Assay hy the touchstone. This ancient 
method consists in comparing the colour of the 
streak produced by a sample of gold of unknown 
composition on a black surface with those from 
a lipes of alloys of known compositions, after 
all nave been treated alike with nitric acid. 
Any abrading surface on which the acid is 
without action can be employed for this purpose. 

Iridium occurs alloyed with platinum, and 
finds its way into gold bullion. In the latter 
case, it ^found with the gold comet obtained 
in the bullion assay, adhering in the form of 
black scales or powder to that side of the gold 
which was originally nearest, to the cupel. It 


can be estimated by dissolving the gold in aqua 
regia, the iridium remaining undissolved. 

Iron. The dry assay of iron, made by 
fusing ores with fluxes in oarbon-lined (brasqued) 
crucibles, is obsolete, and need not be described. 
The wet methods are volumetric, based on the 
oxidation of iron from the ferrous to the ferric 
state or on the converse reduction. Either the 
bichromate or the permanganate method is 
generally used to determine the total amount 
of iron in ores or the amount of iron present in 
the ferrous condition. The stannous chloride 
method is used for measuring the amount of 
iron present in the feme state m an ore. 

For the determination of the total amount 
ol iron, the ore is passed through an HO-mesh 
sieve, and attacked by acids as usual. Most 
ores are oxides, carbonates, &c., and the iron in 
them IS easily dissolved by h_ydroehloric acid. 

Titaniferous ores are fused with acid potas- 
sium sulphate and dissolved in water and 
hydrochloric acid. K nitric acid is present in 
the acid solution, it is destroyed by evaporating 
to dryness with hydrochloric acid and taking 
up with hydrochloric acid and water, and the 
iron is then reduced by zinc, which gives a 
stream of hydrogen or (if titanium is present) by 
crystals of sodium sulphite in a neutral or slightly 
acid solution. As soon as the solution is colour- 
less, |he excess of zkic is removed, or the sodium 
sulphite decomposed by boiling with hyilro- 
chloric acid, and titration is carried out in a 
porcelain basin by means of a solution prepared 
by weighing out 4'39 grams of potassium bichro- 
mate to the litre, equivalent to 6 grams of iron 
according to the equation : 

6 FcCl.,+KjCr .,07 + 14HCl 

-3Fe2C],+O2a,-f2Ka-f7Hj0. 

Potassium ferricyanide (0-1 p.c. solution, 
freshly prepared.) is used as an indicator, a drop 
from the assay solution being mixed with a drop 
of the tost solution on a white glazed tile, from 
time to time. The end-point is reached when a 
colour is no longer produced. The solution of 
bichromate is standardised by moans of piano 
wire, which contains about 0’4 p.c. of impurities. 

The permanganate method is carriea out in 
a sulphuric acid solution, the equation being : 
lOFeSO^+KjMn^Og-l-SHgSO* 

=5Fe,(S0,)3-|-2MnS04-fKaS0*-f8H,0. 

The standard solution is prepared by weighing 
out 2-82 grams of potassium permanganate per 
litre, which is equivalent to 6 grams of iron. 
The end reaction, the appearance of a pinkish 
tinge in the solution in the flask, is very sharp. 

When the amount of ferrous iron only in the 
ore is required, the ore is dissolved in hydro- 
chloric or sulphuric acid with exclusion of air. 
The ferric iron mav be determined by difference, 
or, as a chock, the stannous chloride method 
may be used, in which the yellow solution of 
feme iron in liydrochloric acid is decolourised. 
The standard solution (20 grams of commercial 
stannous chloride per litre, acidulated with 
hydrochloric acid) is run into a boiling-hot 
solution of iron, and is standardised by moans 
of a solution of ferric chloride free from nitric 
acid. , 

Analysis of iron and steel. The elements 
requiring estimation are carbon (graphite, oom- 
bined carbon and total carbon), silicon, man- 
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^anese, sulphur, phosphorus, arsenic, an(J, In ( 
jpecial steels, chromium, nickel, timgsten, 
molybdenum, vanadium, &c. The total carbon 
is estimated by combustion, usually after 
removal of the iron by a cupric salt. The 
^aphite is estimated by combustion of the 
residue after dissolving the iron in hydrochloric 
acid, by which the combined carbon is removed 
in combination with the hydrogen evolved, 
or more advantageously in nitric acid, by which 
the combined carbon is oxidised and retained in 
solution. The combined carbon is determined by 
the colour of a nitric acid solution compared with 
the colour of certain standard solutions con- 
taining kno^vn amounts of carbon. Silicon is 
weighed as aihea after dissolution of the iron 
by acids or iodine. Sulphur is weighed as 
barium sulphate, after the iron has been dis- 
solved in aqua regia, or it is evolved as sul- 
phuretted hydrogen, which is absorbed by 
caustic soda, and decomposed by a standard 
solution of iodine, d’he ftxcesa of iodine is 
estimated by sodium thiosulphate. 

Manganese is sepaiatod by precipitation with 
bromine in an ammomacal solution after removal 
of the iron as basic acetate. The precipitated 
bydrated peroxide is heated strongly in a muffle 
and weighed as Mn^O*. There is also a colori- 
metric estimation, the steel being dissolved in 
nitric acid and the solution boiled with |pad 
peroxide. 1’he colour of the porrminganatc 
produced is compared with those ol standard 
solutions. Phosphorus is precipitated by ammi^- 
nium molybdate or magnesia mixture. Arsenic 
is separated by precipitation as sulphide in an 
acid solution, converted into arsenic acid and 
determined by precipitation by magnesia mixture. 

(For the determination of the metals m 
special steels, ««« under the headings Chromium, 
Nickel, &c. F.u' full details of the analysis of 
iron and steel and also of the complete anal} sis 
of iron ores, .^ee J?»lair’s Cliemical Analysis of 
Iron, Campredon’s Guide Pratique du Chimiste 
M6tallurgiste e! do I’Fssayeur, 438-034, and 
Brearloyand 1 bbotson’s Analysis of Steel Works 
Materials.) 

Lead. Both dry and wet methods of assay 
are used. The dry assay is only applicable to 
rich ores and to concentrates, and even with 
these is less accurate than the wet methods. 
The ore is crushed through a OO-mesh sieve, 
mixed with sodium carbonate and argoi, and 
fused in a VTOUght-iron crucible or in a clay pot 
with hoop-iron. Galena is reduced by the iron, 
and any oxides, sulphates, Ac., of lead are 
reduced by the argoi. Borax is sometimes j 
added as a cover. The following are examples 
of the charges recommended by Percy ; — 

2. Any 

1. Rich galena, esp. 3. Phos- 4. Cerus* 
galena poor ores phate ore site 
Ore . . 500 grs. 500 grs. 300 grs. 500 grs. 

So^um car- 
bonate . 600 „ 350 „ 350 „ 500 „ 

Argoi (tartar) 50 „ 100 „ 100 „ 100 „ 

Borax . , . — 150 „ 30 „ 30 „ 

The iron crucible is made red hot, cleaned, and 
allowed to cool. The charge is them transferred 
to it, care being taken to avoid loss by dusting, 
and the borax, or, if none is used, part of the 
B^um carbonate il added as a cover. A clay 
Ud is also placed on the crucible. The charge- 

voL. I.— r. 


is slowly heated for about 20 minutes, and is 
then poured into a mould, provided that all 
signs of offorvescence have disappeared, and the 
mixture is seen to be in a state of tranquil 
fusion. The lead is found at the bottom. It 
is detached from the slag with a hamm|r, arid is 
cleaned and weighed. The slag is examined for 
lead beads before being throvm away. Clay 
crucibles are used for phosphate and carbonate 
ores. 

When the ore contains arsenic, a speise is 
formed which is found adhering to the upper 
surface of the lead, below the slag. It must 
he reino\td with great care to avoid loss of lead. 
The load ahould be soft and malleable. The 
silver and gold m tlie ore are deterniined by 
cupellation and parting (see p. 415). The 
method gives results with pure ores which are 
about 1 or 2 p.c. too low. When the qye 
contains antimony, bismuth, copper, Ac., these 
metals are in part reduced with the lead, and 
are weighed with it. If the lead button is 
hard, it is necessary to estimate the lead in it 
by weighing it as lead sulphate or otherwise, or 
to adopt wet methods of assaying the ore. 

(For details of the dry assay of lead, see 
Percy’s Metallurgy of Lead, 103-110.) 

In the wet methods, oxidised ores are 
attacked by hydrochloric acid, followed by 
nitric acid, if uecessary. Sulphide ores are 
t.reatod direct with nitric acid. The lead is 
determined either as sulphate or volu metrically, 
by means of ammonium molybdate (Alexander’s 
method). In the latter method (Eng. and Mng, 

J. April 1, 1893, 298), the mixture of nitno 
acid and ore is evaporated with sulphuric acid, 
diluted, boiled, and filtered. The lead sulphate 
in the residue is dissolved in hot ammonium 
acetate, acidified with acetic, acid, raised to 
boiling, and titrated with a standard solution of 
ammonium molybdate, containing, according to • 
Low, 4*26 grams per litre. The solution is 
standardised with pure lead foil. Tannin ia 
used as an indicator, giving a yellow colour to 
a drop of the solution ou a white glazed tile 
when the ammonium molybdate ia in excess. 

If iron and calcium are present, it is better to 
separate the lead as sulphide and redissolve 
before titration (Low’s Ore Analysis, 113). 

I^ead may also be determined in a feebly 
acid solution by adding an excess of potassium 
chromate and estimating the amount of excess 
by means of a standard solution of ferrous 
chloride. The reaction is the same as in the 
bichromate assay of iron, but in this case the 
end is marked by the appearance of a green 
colour in the test drops on the plate (Beringer’s 
Assaying, 214). 

Manganwe occurs as MnO, in pyrolusito. 
Spiegeloisen, ferromanganese, and steel are also 
assayed for manganese. Either the ferrous 
sulphate assay or Volhard’s volumetric process 
IB generally used. In the latter method 
manganese is precipitated by potassium 
manganate in a boning neutral solution, ^fbe 
precipitate, as iar as numbers are concerned, is 
represented by the equation : 

3MnS04-| 2H,0 

=K 4 S 0 ^+ 6 Mn 0 ,^ 2 H, 80 * 

About one gram of the ore or spiegaleisen 
- is dissolved in hjidroohloric and nitric acids, 

2 fi 
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heated with sulphuric acid, and neutralised by 
the addition of an emulsion of zinc oxide in 
slight excess. All the iron is precipitated, and, 
after violently shaking the mixture, it is made 
up to 500 C.C., allowed to settle, and 100 c.c. of 
the clearj supernatant liquid is drawn off, heated 
to boiling, and titrated. The end point is 
marked by the appearance of a pinkish tinge. 
(For the estimation of manganese in steel, ftee 
P 417.) 

Mercury. The wet methods of assay are not 
satisfactory, and one of the distillation methods 
is usually employ cd. When a largi* percentage 
of mercury is present, a combustion tube of 
18-20 inches long is used. It is sealed at one 
end and magnesite pow'der placed in it first, to 
a depth of 3 or 4 inches. Next a layer of 2 
inches of unslaked lime is added and then 5 or 10 
g^ams of ore well mixed in a mortar A\ith 10 grams 
of lime. The mortar is cleaned with nioro lime 
and the rinsings added to the tube and covered 
with clean lime to a depth of 3 or 4 inches. 
Finally, a loosely fitting plug of asbestos is 
inserted and the unoccupied portion of the tube 
is drawn out almost to a point and bent over 
at right angles, care being taken that no hollow 
in the glass is formed which might collect some 
of the mercury. The tube is placed in position 
in a combustion furnace and tapped until the 
mixture settles and leaves a free passage for 
gases throughout its length. The narrow open- 
ing is made to dip into a beaker of water, and 
the tube is heated, beginning with the asbestos 
plug and finishing with the magnesite, w'hich 
yields enough carlion dioxide to sw^eep out the 
vapours of mercury. The time required for 
heating is about 30 minutes. While the tube 
is still red hot throughout its length, its end is 
cut off and dropped into the beaker. The 
moroury collects in the w^ater, and is dried by 
blotting-paper and then in a desiccator and 
weichod in a porcelain crucible. 

When only small quantities of mercury are 
resent, Eschka’s method is used (Dingl. poly. 

. cciv. 74), in which the mercury is cor^em'cd 
on a weighed piece of gold. This is in the 
form of a basin made of thin sheet gold, 
used as the cover of a porcelain crucible and 
filled with w'ater to keep it cool. 3’he basin 
projects beyond the rim of the crucible, and 
usuallj weighs about 10 grams. From 0 2 to 2*0 
grams* of ore is mixed with 1-4 grams of iron 
filings, and heated in the crucible for 10 or 20 
minutes, the flame being kept from heating the 
upper part. This may be done by fitting the 
crucible into a hole in a piece of sheet asbestos. 
The gold basin is then dried without the agency 
of heat, and' weighed, the increase of weight 
representing the mercury. 

Molybdenum in ores is estimated by pre- 
cipitation as mercurous molybdate in a very 
•lightly alkaline or neutral solution by means of 
mSjDurous nitrate. The precipitate is ignited 
in a porcelain crucible, either alone or with 
litharge, until the mercury is expelled. The 
increase in the weight of the crucible is taken 
as MoO|, but if chromium, vanadium, tungsten, 
phosphorus, or arsenic is present in the ore, the 
Ignited it^oOg must be purified by further treat- 
ment ot separated before precipitation.’ Moly- 
bdenum in steel is precipitated as ammonium 
phospho-molybdate. • 


Nickel and cobalt occur together in ores, the 
former more commonly and in greater proportion 
than the latter. They are usually assayed 
together. In the fire assay » the ore is roasted 
sweet and then fuse<l with arsenic to form a 
speiae. This is heated in air on a little clay dish 
in the muffle, and the metals oxidised succes- 
sively, iron passing into the slag first, cobalt 
next, and then nickel, copper being left until 
la.<«t. The changes in colour of the borax slag 
show the yirogross of the assay. The slag is 
coloured brown while iron is passing into it, blue 
by cobalt, sherry-brown by nickel, and blue by 
c()])pcr. Gold i.s added to the speise after the 
ehmmation of cohalt if copper is jircsent. The 
spei.se i-s wmghed after each metal has been 
removed. The slag must bo frequently ex- 
amined and renewed, and great care and ex- 
peruMice are uoedod to attain oven approximate 
results. 

The method is easier to carry out if copper 
is absent, and this metal is sometimes removed 
by precipitation with sulphuretted hydrogen in 
an acid solution before the spei.se is formed. If 
cobalt is absent, a weighed amount may be added, 
as otherwise it is difficult to observe the point at 
which nickel bogiii.s to pass into the slag after the 
removal of the iron. The arsenides in the 
speiso have the formulas Fe.^As, CojAs, NijAs, 
an(kCu,A.s (Rheaci & Sexton’s Assaying, 187). 

In the ws't methods it is usual to roast the 
ore as a preliminary in order to remove the 
arsenic, sulphur, &c., and tlien to separate 
the nickel and cohalt from the iron, manganese, 
zinc, &c., by suitable methods. The nickel is 
precipitated as hydrate and weighed as NiO. 
Cobalt is often included in the nickel, but is 
sejiaratod if present in largo quantities. A 
volumetric method depends on the interference 
by nickel in the titration of cyanide with a 
standard solution of silver nitrate. An alkaline 
solution containing caustic soda is used, and a 
little potassium iodide added as an indicator. 
An excess of a standard solution of ootassium 
cyanide is added to a solution of nickel sulphate 
made alkaline (and precipitated) by caustic 
soda. The excess of cyanide is titrated by a 
standard solution of silver nitrate (Boringer’a 
Afisajing, 255). The reactions are roproseuted 
by the equations : 

4Kqy-l-Ni804=KjNi0y4-fK,S04. 

2KCy + AgNO^ = KAgCy a -|- KNO j. 

Nickel and cobalt are also sometimes esti- 
mated by electrolysis, and for this purpose must 
be separated from zinc and other metals, dis- 
solved in nitric acid, and precipitated in an 
arnmoniacal solution. 

Nickel is separated from cobalt by precipi- 
tation with dimothylglyoxime, and may be 
estimated in that way. (See Ajtalysis.) 

Nickel in steel is precipitated by bromine 
water and caustic soda, after removal of the 
iron as baaio acetate. It is weighed as NiO. 

Platinum in alluvial deposits is concentrated 
by pamiing, m in the case of auriferous sands. 
In all cases platinum can be collected in lead 
by the same methods as those described under 
the assay of ‘gold ores. The lead buttons are 
sometimes cupelled at a very high temperature, 
but it is difficult to remove the whole of the lead 
in this way, as the ‘ prill ’ freeses on the cupel 
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when only’ part of the lead has been oxidised, 
unless a weighed amount of gold or silver is 
added in order to produce an alloy of lower 
melting point than pure platinum. 

Cupeflation may oe finished in the oxygen-gas 
blowpipe flame, but the loss of platinum is then 
large. It is more usual to dissolve the lead 
button in dilute nitiic acid and to filter off the 




Platinum in alloys or in rich alluvial con- 
centrates may be estimated by melting with 
six parts of jmre lead, and grinding in a mortar 
the brittle alloy freed from slag. Portions of 
the alloy arc scorified with liesh lead and 
dissolved in nitric acid. 

Alloys containing gold, silver, and platinum 
are difficult to assay, as they arc insoluble in 
aqua regia. The method, acloptcd is first to 
cupel the alloy to remove copper, &c., these 
metals being estimated by difference. The 
alloy is then mquarted by eupellation with twice 
its weight of silver an^ parted by boiling m 
sulphuric acid. 'J’he residue contains the gold 
and platinum. 'J’hese may bo parted by again 
inquarting with silver and dissolving in nitric 
acid, provided that the amount of gold present 
is at least ten times that oi the platinum? If 
the proportion of gold present is less than this, 
part of the pb.t'n.um remains undissolved, and 
it is therefore necessary to add gold in many 
cases. The parted gold is weighed and the 
platinum estimated bv difference Rapport 
des Monnaies, P 01, p. xxix ; Rose’s Precious 
Metals, 272). 

Silver. The ores of silver are assayed in the 
same way as tliuso of gold of a similar kind, 
the scorification method being used -far more 
frequently than in the case of ^old ores. The 
slags and cupels must be examined usually, as 
silver is more readily lost than gold. The tem- 
perature of cupi'il.ition is kept as low as possible, 
to check the loss of silver by volatilisation (see 
Lodge’s Notes on Assaying, 37-111). 

Silver bullion and alloys are assayed by 
eupellation, by the Gay Lussac or the Volhard 
voiunotric processes, or by w'eighing the chloride 
(India Mint method). In eupellation, the 
‘ base * or oxidisable metals are removed in the 
muffle, and the silver prill is cleaned and weighed. 
The weight of silver taken is usually 10 grains. 
The amount of lead required varies from six 
times the weight of the silver for alloys of high 
standard to twelve times for silver 700 fine. 
The method is not suitable for alloys containing 
less than 70 p.c. of silver. The muffle is kept 
at a lower temperature than that required for 
gold eupellation, but must be raised to above the 
melting-point of pure silver (962®) at the finish, 
to prevent the metal from setting in the furnace 
before all the lead has been removed. When 
the eupellation is complete, the mouth of the 
furnace is closed w'th great care to exclude 
draughts, and the furnace is allowed to cool 
slowly to prevent loss of silver by spitting. The 
solidified prills are cleaned and^ weighed. The 
lose of silver in eupellation varies* from 6 to 15 
parts per 1000, and check assays on pure silver 
are placed in all parts of the furnace to measure 
this loss. Any gold that may be present is 


weighed as silver. The process is very ancient, 
and clear reference is made to it in connection 
with a trial of the Pyx in the Black Book of the 
Exchequer, written in the reign of Henry 11. 

In the Gay Lussac process, the volume is 
measured of a standard solution of# common 
salt or stalium bromide required for thb pre- 
cipitation of a little more than a gram of silver 
in solution as nitrate. No indicator is used, and 
the end of the operation is judged from the 
appearance of a faint cloud of chloride in a 
solution from which almost all the silver has 
been precipitatocl. It is the most accurate 
method of assaying silver bullion. The standard 
solution of common salt (usually called the 
‘ normal solution ’) contains about 6 -410 grams 
of NaCl per hire, so that 100 c.c. will precipitate 
1 gram of silver. A weight of silver bullion con- 
taining about 1’003 gram of silver is weig bed 
and dissolved in nitric acid, and 100 c.c. of the 
salt solution added to it from a pipette. The 
chloriflo is agglomerated by a shaking in a 
.stoppered bottle, and the clear su[jernatant 
liquid is tested by ‘ decinormal ’ solutions of 
common salt and, if necessary, of silv. r 
nitrate. The appearance of the cloud pf silver 
chloride shows the amount of silver left in so- 
lution. Further shakings are resorted to if 
required, and the final reading is taken after 
waiting for about 6 or 10 minutes. Check 
assays on fine silver are used with every batch 
to test the strength of the solution, which varies 
with the temperature, &c. Mercury interferes 
with the method, and is detected by the colour 
of the precipitated silver chloride, which doei 
not darken if mercury is present. Acetate of 
soda corrects the error if the quantity of mercury 
resent is small, I'he Gay Lussac method can 
e used only in cases where *1110 approximate 
assay is already known (Percy’s Silver and Gold, 
282; Riche et Forest, L’ Art de I’Essayeur, 183).* 

In the India Mint method, the silver alloy 
is dissolved in nitric acid and precipitated by 
a slight excess of hydrochloric acid. The silver 
chlorido is then collected by^shaking in a stop- 
pered bottle, and, after being washed, is trans- 
ferred to a porous cup, dried, and weighed while 
warm. The chloride is washed by decantation, 
but the drying is tedious, and is expedited by 
breaking up the crust wit!! a glass rod. Any 
gold that may be present is weighed as silver 
chloride. This is the best method for alloys con- 
taining less than 70 p.c. of silver (Trans. Inst. 
Mng. A Met. xvii. 334). 

The Volhard method is largely used in this 
country. The nitric acid solution of the silver 
is freed from nitrous acid by boiling, and is then 
diluted and titrated with a solution containing 
7*04 grama of ammonium thiocyanate per litre. 
As this salt is deliquescent, it is usual to weigh 
out about 7*3 grams per litre. Iron alum is 
used as an indicator, giving a red colour when 
all the silver has b^n precipitated. Time is 
saved and the accuracy of the method increased 
by taking for assay an amount of alloy contain- 
ing about 1'003 gram of silver, and running in 
100 c.c. of the standard solution of thiooj^anate 
from a pipette. After shaking the ^quid in a 
flask, the titration is finished by adding the 
thiocyanate a drop or two at a time. Check 
assays on fine silver are used (Trans, lust. Hng, 
& Met. xvi. 104). • 
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Tin, Tin ore is concentrated on a vanning In Pearce’s method (Low’s Techni^l Analysis, 
shovel with the production of ‘ black tin ’ in 261) the ore is fused with caustic soda and 
order to determine what yield maj' be hxpected charcoal powder, and the mass dissolved to 
when the ore is treated on the dressing floors, hydrochloric acid; the reduction of the stannic 

, The ore is crushed and sampled, and about to stannous chloride is then effected with iron 
30 grama*(or less with rich ores) are thoroughly rods. 

mixed with 30 or 40 c.c. of water on the vanning Titanium in ores is generally in the form of 
shovel, to prevent, as far as possible, the loss of titanic oxide, which is insoluble in acids. Tita- 
‘ float tin? The ore is then collected by a nates, however, are somewhat soluble, so that 
vigorous circular motion of the water, and the on attacking ores with acid, titanium will be 
slimes are poured olf, a jirocess which is repealed found partly in the residue and partly in the 
until the water remains clear after being left solulion. I’he metals of the iron group with 
to settle for a few seconds. A smaller quantity titanium arc precipitated from the solution as 
of water is used for the subsequent operations, basic acetates, which are fused with potassium 
By means of a circular motion of the shovel, hisulphate and extracted with water. The 
combined with a series of jerks, the tin oxide is tilanic acid is ])rocipitated from the solution 
now separated from the lighter material, which by means of prolonged boiling with sulphurous 
is carried down by the descending wave. The acid. The residue left by the attack on the 
tailings are sometinles saved and waslied over original ore with acids is similarly treated, after 
again until they yield no more tin, and are then the silica has been removed by heating with 
crushed by rubbing with a hammer and again sulphuric and hydroljuoric acids (Beringer’s 
washed. Tlie concentrates are dried and Assaying, 293). 

roasted and dressed once more after being rubbed Tungsten in wolfram, steel, &c., is estimated 
down with a hammer. Sometimes they are by weighing as tungstic acid WO,. The ore is 
washed quite clean from worthless material, boiled with hydrochloric acid followed by aqun 
and Bopietimes left impure with oxide of iron, regia, when the tungsten separates as insoluble 
&c., according to the nature of the ore afid the yellow tungstic acid. After thorough washing, 
custom of the operator. Sometimes they are this is dissolved m ammonia, filtered, and re- 
purified by boiling in hydrochloric acid or aqua covered by Cvajiorating the solution to dryness, 
regia, which, according to J. H . Collins, causes a andi-gcntly igniting the residue to ilecompose the 
loss of tin. The residue is usually reported in ammonium tungstate. Nearly pure tungstic 
pounds of black tin to the long ton of ore. acid remains. Any silica that may be present 
The losses of cassitorite in vanning vary con- may be removed by hydrolluoiic acid. The 
siderably, and may be reckoned as 30 to 40 p.c. tungstic acid may also be precipitated from 

The black tin obtained by vanning may be solulion by neutralising with nitric acid and 
assayed for motalJic tin by reduction with adding a solution of mercurous nitrate 
anthracite (Cornisli method) or by fusion with (Beringer’s Assaying, 13th ed, p. 297 d.). In 
potassium cyanide. In the Cornish method attacking ores with acid, some WO, is dissolved 
100 grams of tinstone are heated with 20 grams in the presence of fluorides, arsenic or phosphorus, 
of anthracite in a plumbago crucible at a white but this is corrected by the addition of cin- 
♦ heat for 15 or 20 minutes before pouring. The chontoe. The •ores may be attacked by fusion 
excess of anthracite contains beads of tin, which with caustic soda and sodium peroxide, or by 
are separated by sieving and vanning. In the digesting with soda solution instead of by 
cyanide process, 10 grams of tinstone are fused boiling with acid (Hutchm and Tonks, J. Inst, 
with 40 grams of impure cyanide (containing JVlng. and Met. 18, 1909, 425). 
potassium carbonate), and poured at a red heat. Uranium. The mineral is evaporated with 
The German process consists in reducing a nitric acid and taken up with HCl. After 
mixture of 6 grams each of tinstone and cupric separation of the other metals as sulphides and 
oxide with 16 grams of black flux (a mixture of carbonates, the uranium is precipitated by 
carbon and potassium carbonate, obtained by ammonia and weighed as 11,0,, or it is pre- 
heating tartar) and 1'25 grams of borax with a cipitated by miorocosmic salt in the presence 
cover of common salt. The reduced metal is of acetic acid and ammonium acetate. The 
compared to weight with that of the copper precipitate consists of ammonium uranyl 
reduced from (fupric oxide alone. The most phosphate UOiNH^PO, which is washed, 
trustworthy of these methods is the fusion with ignited gently and weighed or converted into 
cyanide. The reduced tin, however obtained, uranyl pyrophosphate (UO,),P, 07 , for greater 
U usually impure (Beringer’s Assaying and Kerl’s accuracy (Low’s Technical Ore Analysis, 201). 

•• Metallurgisch^ Probirkunst). This precipitation is also the basis of a volu- 

Tin is also estimated volumetrically. A metric method, a boiling solution of uranium 
satisfactory method described by Beringer being titrated with a standard solution of 
(Text-Book of Assaying, 11th ed. 286) is to phosphate, until ferrooyanide no longer gives a 
reduce the solution of stannic chloride to stan- brown colour. 

nous chloride by means of nickel foil, and to Vanadium in steel is estimated by titrating 
titrate with a standard solution of iodine in an with potassium permanganate. The steel is 
atmosphere of carbonic acid gas. Starch is dissolved in HCl and evaporated to dryness with 
used as an indicator. In all wet methods, tin a little nitric acid. The residue is fused with 
oxWe mutt be reduced to metallic tin before it nitrt. and fusion mixture, boiled to water and 
can be dissolved. Beringer prefers reduction filtered, and the filtrate evaporated with HgSO,, 
by meaift of ainc vapour acting on ore mixed reduced by oilphur dioxide and titrated. One 
with o^ide of zinc. The alloy of zinc and tin atom of iron is equivalent to one of vanadium 
thui produced is dissolved in hydrochloric acid, to the titration (Rhead and Sexton’s Assaying, 
to which ciyitals of permanganate are added. 270). 
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2lnc. The old dry method of assay of ores 
based on the loss of weight due to the volatilisa- 
tion of zinc at a white heat is obsolete. Certain 
alloys of zinc with tin and copper, t.g. coinage 
bronze, are assayed for zinc by heating to 
1200° for two lioura in carbon crucibles (J. Soc. 
Chera. Ind. 33, 1914, 270). The loss of weight 
gives the zinc together with any cadmium or 
oxygen present. Check assays on trial plates of 
known composition are necessary Zinc is 
usually weighed as oxide after precipitation as 
carbonate, or it is titrated with sodium sulphide 
or potassium ferrocyanide. An amount of 
1 or 2 grams of ore is weighed out and dissolved 
m hydrochloric acid or (iqua regia. The silica 
and metals other than zinc are removed as usual. 
All the precipitates will contain zinc if tlicy arc 
bulky, and must be redissolved and reprecipi- 
tated. The alkaline filtrate may be diluted to 
200 c.c. and used for the sodium sulphide ti- 
tration, which is carried out at n0°-r)0°. A flake 
or two of freshly precipitated feme hydrate is 
used as an indicator, turning from red to black 
as soon as sodium sulphide is in excess. One c.c. 
of the standard solution of sodium sulphide 
should be equal to 0-01 gram zinc. Instead of 
ferric hydrate, sodium mtroprusside may be 
used as an indicator on a white tile. This gives 
a purple colour with sodium salphicle. 

For titration with potalsium fcrrocyaftide, 
the pure amraoniacal solution of zinc obtained 
as above is a -K’diod with liydrochlonc acid, 
boiled and titrated hot. The standard solution 
of ferrocyanide is made up by dissolving 41-25 
grams of tke pure salt in a litre of water. The 
test solution consists of 0 5 gram of uranium 
acetate dissolved in 20 c.c. of water. A drop 
of this solution gives a brown colour on a white 
tile with a drop of the zinc solution as soon as 
the ferrocyanide is in excess. It is advisable 
to confirm the end reaction by adding 5 c.c. of 
a standard .solution of zinc in hydrochloric acid, 
containing 10 grams of zinc per litre, and again 
titrating (Chem News, Ixxvi. G). 

The assay of zinc-dust for metallic zinc is 
made by acting on the sample with dilute sul- 
phuric acid, and collecting and measuring the 
hydrogen which is evolved. 

Commercial metallic zinc contains lead, 
cadmium, and iron, and may also contain 
arsenic, copper, antimony, tin, &o. By dis- 
solving in dilute sulphuric acid, the lead and the 
greater part of the copper, tin, cadmium, &c., 
are left nndissolved. The residue is attacked 
with nitric acid, and the metals separated as 
usual. Iron in zinc is titrated in the sulphuric 
acid solution ivithout being separated. Arsenic 
and antimony are passed with the hydrogen 
evolved by sulphuric acid into a solution of 
silver nitrate (Caniprcdon, Guide Pratique, 760 ; 
Eliot and Storer, Amer. Acad. Arts & Scionoos, 
viii. 67). 

Goal. The assay of coal usually comprises 
the determination of moisture, total ash, sulphur, 
coking properties, and calorific power. The 
coal is broken down and sampled as in the case 
of ores (see p. 408), and the sample is passed 
through an 80-mesh sieve. 

The moisture is determined -by drying 1 
cram in a water-oven for 30 minutes and weigh- 
uig. The coal is then again warmed for 16 
xnmutes and reweighed, and the process is con- 


tinued until the weight it constant or begins to 

increase. 

For ‘sulphur, 2 grams of coal are mixed 
with 3 grams of a mixture of two parts of 
calcined magnesia and one part of potassium car- 
bonate, and heated to dull redness fey an hour 
in a porcelain or platinum crucible, with occa- 
sional stirring. After cooling, the charge is 
transferred to a beaker and digested with water 
and 1 c.c. of bromine. It is then acidulated 
with hydrochloric acid, the bromine boiled off, 
and the sulpliur, now in the form of sulphate, 
precipitated by barium chloride. The sulphur 
may also bo oxidised by heating the coal with 
a wiixturo of nitre and common salt. Phos- 
phorus m coal, if dctermiiK'd at all, is estimated 
in the ash, which may require complete analysis. 

The coking qualities of coal are examined by 
heating 50 grams of coarsely crushed coal a 
‘large copper’ crueibks covered with a closely 
fitting bd. ’riio evolution of gases is completed 
after 15 or 20 minutes at a full red heat. After 
cooling, the coke is turned out and weighed, the 
Io.s8 of weight giving the amount of volatile 
matter. 

The calorific power of coal is determined by 
igniting 2 grams of the finely powdered sample » 
with 20 grams of a mixture of six parts of po- 
tassium chlorate and one part of nitre. The coal 
and deflagrating mixture are ground together 
in a mortar and ignited in a Thompson calori- 
meter. The error due to loss of heat by escaping 
gases, &c., is alw^ays taken as ono-tenth of the 
total evolved. The calorific power reported ifl 
the weight of water that could be evaporated at 
100* and 760 mm. pressure by 'a unit weight of 
the fuel {v. Fuel). 

Cyanide solutions. In gold mills, these 
solutions are in wide use, and require frequent 
analysis. Free cyanide is estimated by means 
of a solution of siker nitrate prepared by dis-* 
solving 13*04 grams of crystallised AgNO, in a 
litre of w-ater. One c.c. of this solution is 
equivalent to 0-01 gram of KCy, the end of the 
titration being denoted by thg solution becoming 
milky from the precipitation of AgCy. The 
reaction is represented by the equation : 

AgN03-f2KCy=KAgCy,+KN0,. 

The amount of cyanide «eolution taken for 
assay may be from 10 c.c. to 100 c.c., according 
to its strength. Alkalis and other compounds 
which may be present dissolve silver cyanide, 
and accordingly it is usual to add potassium 
iodide as an indicator. Turbid cyanide solution 
must be filtered before titration. If soluble 
sulphides are present, they prevent the assay 
from being carried out. They are removed by'« 
agitating the solution with freslily precipitated 
lead carbonate. If zinc is present m the 
solution, part of the cyanide contained in the 
double cyanide KjZnCy* is estimated as free KCy. 

The ‘ total alkali ’ in a cyanide solution is 
estimated (J. E. Clonnoll, Chemistry of Cyanide 
Solutions, 62) by titration with a standard 
solution of sulphuric acid, using methyl orange 
as an indicator. ‘ Protective alkali ’ {op. at. 

63) is determined by adding a slight excess 
of silver nitrate together witn a littte phenol- 
phthalcin solution, and titrating with sulphurio 
acid until the pink colour disappears. The 
‘ reducing pow-or^*of cyanide solutions is deter- 
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niined by acidilicatioa and subsequent titration 
with potassium permanganate, until the pink 
tint becomes permanent, or by adding ah excess 
of permanganate followed by an excess of 
potaHiuum iodide and estimating the amount 
of iodine liberated {op. cit. 71). 

Gold and silver in cyanide solutions are 
determined by evaporation on load foil, which 
is afterwards cupelled, or by evaporation with 
litharge, which is fused for lead. A more rapid 
method is to precipitate the gold and silver with 
zinc-dust and sulphuric acid, filter, and scorify 
or fuse the residue. The latter method is espe- 
cially suitable for treating largo samples of 
poor solutions containing very little gold *hd 
silver. In all these methods, a button of lead is 
obtained which is cupelled and the gold -and 
silver parted as usual. 

rSilica. The silica in ores is partly free and 
partly combined. 'I’ho white sandy residue left 
after careful extraction with acids is sometimes 
nearly pure silica, and is often reported as 
‘ silica and silicates insoluble in acids. It may 
be tested with sulphuric and hydrofluoric acids. 
The usual method with ores, slags, &c., is to 
fuse 1 gram with 5 grama of fusion mixture 
and a little nitre in a platinum crucible or dish. 
It is extracted with warm water and a little 
hydrochloric acid'and evaporated to dr3rnes3 on a 
W'ator-bath. The bases are dissolved out with 
hydrochloric acid, and the silica filtered off. 
The filtrate is again taken to dryness and dis- 
solved in hydrochloric acid to separate the 
remainder of the silica. If the ore contains a 
large percentage of sulphides, oxides, &c., i 
which r.re soluble in acids, these are removed 
before the fusion. In this case the acid solution 
may contain silica, which is removed by evapo- 
rating to dryness, taking up with hydrochloric 
acid and filtering. The purity of the silica is 
‘tested by evaporating two or three times wdth 
water, sulphuric acid and hydrofluoric acid. The | 
silica is volatilised (J, Amer, Chem. Soc. xxiv. j 
1902, 3G2). 

Sulphur. A rapid method of determining 
the sulphur in ores given by Furman (Manual 
of Practical Assaying, fith od. 91) is to fuse 
6 grams of the ore wfith 15 grams of borax, 3 
rams of charcoal, and one or two nails in a 
ot fire. The time required for fusion is about 
15 minutes. The nails are then withdrawn and 
the charge poured. As soon as the slag is cool, 
the matte is detached from it with a hammer 
and weighed. If the matte were pure FeS, it 
would contain 30 3 p.c. of sulphur. By analy^s, 
Furman finds that the nearest approximation is 
to take the sulphur as 30 p.c. of the matte. The 
method, though inaccurate, is sometimes useful, 
as it can be completed in less than half an hour. 

The more accurate methods consist in 
oxidising the sulphur by aqua regia or nitric 
acid and potassium chlorate, or by fusion with 
a mixture of nitre and sodium carbonate, and 
weighing it as barium sulphate. A good method 
for ores and slags consists in fusion with 
catistic alkali, extracting with water, and oxidis- 
ing with bromine. After separation of the silica, 
the sulphur is precipitated by barium chloride 
(Chem. News, i. 1884, 194). If load is present, 
the solution is boiled with ammonium car- 
bonate. T. K. R. 

ASTATKI. A Russian ‘ term, signifying 


‘dregs,’ applied to the residue left in the dis- 
tillation of Baku petroleum after the volatilisa- 
tion of the kerosene, and now largely used as 
fuel in the Caspian region (?’. Petroleitm). 

ASTERIA {Star Sapphire) v. Corundum, 

ASTERIN V . Anthooyanins. 

ASTEROL. A combination of the mercury 
salt of p-phenol'Siilphonic acid (hydragyrol) and 
ainmoniuni tartrate 

C,jH,oO,S,Hg,4|f;Ff,0«(N[T,),],8H,0, 
used as an antiseptic in surgery. 

ASTRALINE. Russian petroleum oil, used 
for burning {v. Petroueum). 

ASTRALITE. A glass reaembb'ng aven- 
turine, but containing crystals of a cupreous 
compound wdiich by reflected light exhibit a 
dichroic iridescence of dark red and greenish- 
blue. Made by fusing and allowing to cool 
slowly a mixture of 80 pts. silica, 120 lead oxide, 
72 sodium earboriate, 18 borax, with either 
24 pts. scale oxide (;>f copper, and 1 pt. scale 
oxuie of iron, pr with 5 pts. lime, 20 copper 
oxide, and 2 iron oxide. 

ASTROLIN. Trade name for antipyrine- 
methyletbyl glycollate CjH ,oC8,CnH,,()N,, 
m.p. r»t®-05'5°. A colourless powder, with a 
slight smell and pleasant taste, readily soluble 
in water and alcohol. 

ASUROL. Sodium-mercuri-amido-oxywo- 
butytosal icy late. * 

ASYPHIL. 'I'rade name for a mercury salt 
of p-aminophnnylar.‘,inic acid 

(NHg(^,H4A8()(()H)0),Fg. 

(?'. Absentoals, Organio). 

ATACAMITE. lfy<lrated oxychloride of 
copper CuC1j-3Cii(()IT)2, occurring m the 
Atacama region of (’hile, sometimes in suflicient 
amounts for use as a cojqier ore (Cu r»9‘4 p.c.). 
Large quantitie.s have also been mined at 
Wallaroo in South Australia. Orthorhombic 
crystals of. a bright-green colour and with 
brilliant faces are not uncommon. Sp.gr. 3'7fi. 
Bidore the days of biotting-paj)i*r, it was used, 
under the name of arseriillo, as a writing sand 
for absorbing ink {v. C’oprsR). L. J. S. 

ATELESITE. A bismuth arsenate con- 
taining iron phosphate found at Schneeberg in 
Saxony ; BijO,, ; FcjRjO,, 12T)0 ; As-O,, 
,30-35 (Frenzel, J. M. 1873, 78o). 

ATHAR or ATTAR, Indian name for 
volatile oil of roses (f». Oius, Fssential). 

ATISINE, V . Aconitine. 

ATLAS DYNAMITE V . FxI’LOSIVES. 

ATLAS POWDER v. Explosives. 

ATLAS SCARLET v. Azo- colouring 

MATTERS. . 

ATMOSPHERE. The gaseous envelope sur- 
rounding any liquid or solid body ; more parti- 
cularly the gaseous envelope w'hich surrounds 
the earth, and which is commonly known as air. 
The thickness of this aerial envelope is not 
known even approximately, but it is quite certain 
that it exceeds 45 miles measured from the 
earth’s surface, which was the limit assigned to 
it by Wollaston. Secchi calculated that air 
exists even at a height of 300 kilometres above 
the earth’s surface. From the ratio of decrease 
of density with elevation, the atmosphere at 
a height of 50 miles cannot exert wiy measurable 
pressure. The mass of the atmosphere forms, 
like the earth itself, an oblate spheroid, the po^ 
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axis of which is much shorter chan the equatorial 
axis, the ratio of the two axes being, according 
to Laplace, as 2 to 3. 

The pressure of the atmosphere at any par- 
ticular spot may be measured in terms of the 
height of a column of mercury which it is capable 
of sustaining. It follows from the law of 
Boyle that the density of the air rapidly dimi- 
nishes with the height. For air of eonstant 
temperature, its density, or, what comes to the 
same thing, the height of the mercurial column, 
should diminish in geometric jirogrossion, whilst 
the distance from the earth incr(3ase8 in arith- 
metic progression. I'he pressure, even at the 
same place, is contiuualJy varying from a 
variety of causes, and hence the height of the 
barometer, as the mercurial column was first 
termed by Boyle, is practically never alisolutelv 
constant. Iho average height at any one sjiot 
at the soa-lcvei is mainly dependent upon the 
great movements of air which result from the 
eflcct of the earth’s motion upon the gaseous 
envelope, combined with variations in the 
density of the aerial mass due to solar action. 

According to Regnault, 1 litre of dry air, free 
from carbonic acid and ammonia, meat^iired at 
0° and 0'7b mm jiressure, at Paris (lat. 48* 60') 
and at a height of 60 metres above the sea-level, 
weighs 1 '293 1 87 grams. Lasch found that 1 litre' 
of pure air al. .standard tempiuat ire and pre.'Auro 
weighs at Berlin (l:\t. .j.® 30') 1'293G33 

grams. 

(jluye found I '2930 grams at (Jeneva, and 
concluded ttiaft it iviay \ary, on the same day, 
from place to place to the extent of several 
tenths of a milligram (tiuye. Kovacs and 
Wourtzel, (!ompt. rend. 1912, 154, 1584). The 
mean of the most recent determinations gives 
the value 1*2928 grams as the weight of a normal 
litre of air. Luye considers that the most 
probable explanation of the variations in density 
observed from time to time is based on the 
presence in the air of varying quantities of dust, 
invisible iindc'' the ultramicroscope. 

The Bureau Internat. des Folds et Mesures 
adopts for the weight of 1 litre of dry air, con- 
taining 0-04 p.c. carbonic acid, at the normal 
temperature, and under the normal barometric 
prespure at lat. 45* and sea-level, 

p _ 1 29^2_ 1 

^ i’ + 0'00S67 ^ 760’ 

on the assumption that 0*00307 is the expansion 
coctheient of air at constant pressure for a 
normal degree. Av^oording to L^luc the moan 
composition of an at Paris, purified from 
aqueous vapour and gases absorbable by alkali, 
is as follows : 

OxvKen Nitrogen Argon Neon 

By volume 0'210U 0 7«U0 0'0094 15xl0-« 

By weight 0'2321 0*7549 0*0130 8*4xl0-« 

Helium Hydrogen Krypton Xenon 
By volume 0'6xlo« lxl0< 50x10* 6x10-“ 

By weight 0*7xl0-« 0 07 xlO * 140x10 ® 30x10-® 

For such air at 0° p.nd a pressure of 76 cm. of 
mercury at Paris the mass of 1 litre is found to 
be 1*2932 grm. Under normal xirossuro (70 
cm. of mercury at 0® ; 980*666) the weight 

is 1*2928. In other terms, taking the sp.gr. of 
mercury as 13*6961 and the value of g at the 
4th story of the Sorbonne as 980*97, the mass 
of a litre of air under the pressure of a megabar 
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is 1*2759 grm. For purposes of ordinarv 
chemical calculation it may be assumed with 
sufficienf accuracy that 1 gram of air measures 
at standard temperature and pressure 773 c.c. 

'1 he total weight of the atmosphere is about 
11 trillions of pounds, or about 5 trillion kilo- 
grams and the relative amounts of the ehiof 
constituents may be assumed to be ~ 

Trillions kgm. 

Nitrogen (argon, &c.) . 4 *011200 

Oxygen. . . . 1*218040 

(’arboiiie acid , . 0 01)3 156 


5*202396 

ITerschel calculated that, allow-ing for the 
space occupied by the land above the sea, the 
muss of ibe atmosphere is about x>ii?tny 7 T 
that of the earth. • 

The 11 11 1 1 o f pressure adopted by engineers 
and others, and styled an atmosphere, is an 
amount equal to the average pressure of the 
atmo.sphcre at the sea’s level. In British 
measure an atmosphere is the pressure equivalent 
to 29*905 inches of mercury at 32° F. at London, 
and IB about 14'73, Ihs on the sq. ineh. In 
the metric system it is the pressure of 760 mm. 
(29 922 inches) at 0° 0. at Pans, and is equal to 
1*033 kilos on a sq. centimetre. Hence the 
English ‘ atmosphere ’ is 0*99968 that o* the 
metric system. 

The specific heat of air at constant pressure 
is 0 239 (Hercus and Laby). Its coefficient 
of thermal expansion between —30® and 200® is 
0*003665 for 1°. Its thermal conductivity is 
5*22 x10-^ cal./em. sec. deg. (Hercus and I^aby, 
Proc. Roy. Soc. 1918, A, 206). Its viscosity 
(NoXlO*)-l*733. 

By the application of sufficient cold and 
pressure, air may be liquefied. 

Comparatively little of the sun’s heat is * 
absorbed in its direct passage through the air. 
According to Tyndall, a column of air 1 metre 
long absorbs 0*()88 p.c. of the heat which passes 
through it. According to Vioile, and also Lecher 
and Pernter, the amount is not greater than 
0*0070 p.c. This absorption is mainly due to 
aqueous vapour, and, in a lower degree, to car- 
bonic acid and suspended organic matter. The 
air mainly gets its heat by conduction from the 
earth, and hence, as a rule, it is hottest near the 
ground. The law of the decrement in tempera- 
ture corresponding to height is not accurately 
known ; it is usually stated to be about 0*66® 
per 100 metres, but the rate is liable to very 
great variations. 

Air is not perfectly transparent. Its particles 
reflect and scatter light in sufficient quantity to 
obscure the light from the stars. The blue colour 
of the sky is due to the fact that the most re- 
frangible rays are most -widely scattered (c/. 
Rayleigh, Phil. Mag. 1899, 47, 376). Strutt ^s 
devised a method of showing the scattering of 
light by dust-free air and of artificially repro- 
ducing the blue colour of the sky (Proc. Roy. Soc, 
1918, 94 A, 453 see also Oabarnes, (^mpt. 
rend. 1915, ICO, 62). In the higher regions of the 
atmosphere, where the amount of reacted light 
becomes less and less, owing to the* decreased 
density of the air^ the sky appears to grow 
gradually darker. Brewster first proved that 
the blue light fron! the sky, as well as the white 
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light from the clouds, was due to reflected light, 
by the fact that it was polarised. 

Suspended matter, dust, smoke, * aqueous 
vapour in a state of partial precipitation, &o., 
greatly diminish the transparency of air. Wild 
gives thoftfoUowing numbers as representing the 
transparency coefficient of 1 metre of air : — 
air (free from dust) . . . 0-90718 

Air of a room (dry, but containing 

dust) 0 “99520 

Air free from dust, but saturated with 
aqueous vapour , , , 0‘99.‘>2H 

The refractive indices of dry air at standard 
temperature and })re8Suro for the Fraunhofer 
lines A, B, C, 1), E, F, (1, U, are, according to 
Kettler (Pogg. Ann. 124-401), as follows : — 
nA= 1-00029286 nE= 1-00029584 

wB= 1 -00029345 nF= 1 -00029685 

* nC= 1-00029383 n('; = 1-00029873 

nD= 1-00029470 nH= 1-00030026 

The emission spectrum of air has been mapped 
by Huggins (Phil. Trans. 154, 139) and Ang- 
strom (Pogg. Ann. 94, 141), and the spectrum 
of lightning by Kundt (Pogg. Ann. 135, 315), 
who has shown that forked lightning gives a 
line spebtrum, whereas shoot lightning gives a 
band spectrum. The absorption spectrum of 
air M'^as first mapped by Brewst^T and Gladstone, 
and has been further examined by Janssen, 
Cornu, and Chappuis (Compt. rend. 91, 988). 

Air, owing to the oxygen it contains, is a 
magnetic substance. The diurnal variation in 
magnetic declination has been alleged to be 
due to the varying magnetic potential of the 
oxygen owing to alterations in temjxiraturo. 

Air is a mixture of nitrogen, oxygen, aqueous 
vapour, argon, carbon dioxide, with minute 
quantities of ozpne, hydrogen peroxide, am- 
monia, nitrous and nitric acids, hydrocarbons, 
Jielium, neon, krypton, xenon, hydrogen, &c. 
That the air is not a chemical compound 
of its component gases is proved by the facts : 
(1) that these gases are not present in any 
constant ratio ; (2) that air can be made by 
simply mixing its constituents in the proportion 
indicated by the analysis of air, without con- 
traction or any thermal disturbance resulting ; 
(3) that on treating air with water and expelling 
the dissolved air by boiling, the proportion of 
the oxygon to the nitrogen is found to be in- 
creased, and in amount corresponding with 
the law of partial pressures ; (4) that the 

constituents of the air can be mechanically 
separated by processes of diffusion ; and (5) that 
the refractive power of the air is equal to the 
mean of the refractive powers of its constituents, 
whereas in compound gases the refractive power 
is either greater or less than the refractive power 
of the elements in a state of mixture. 

The amount of oxygen in air may be ascer- 
tained by measuring the diminution in volume 
which a known bulk experiences when in contact 
with eomo substance capable of absorbing or 
oombining with oxygon gas. Among the sub- 
stances wnich may bo conveniently used for this 
purpose are : 

1. Phosphorus. A fragment of phosphorus 
on the enti of a platinum or copper wire is 
exposed ‘to a measured volume of air standing 
over water or mercury until no further decrease 
of volume is observed (Bcrthoilet). Lindomanri 


(Zoiteoh. anal. Chem. 1879, l8, 1^) employs thiri 
sticks of phosphorus for the same purpose in 
the Orsat apparatus {v. Gas analysis). At 
a temperature below 7® the oxidation of the 
phosphorus ceases. Watson (Chem. Soo. Trans. 
1911, 99, 1460) has described an accurate 
method of ascertaining the amount of oxygen in 
air by the use of yellow phosphorus. A modili- 
cation of the apparatus for estimating the oxygen 
content of air from the upper atmosphere has 
been suggested by Aston (Chem. Soc. Trans. 
1919, 472). 

2. Fi/rogallol in Alkaline solution. Chevreul, 
in 1820, first suggested the use of tlds reagent. 
The absorption is apt to be accompanied by the 
formation of notable quantities of carbon 
monoxide if the amount of oxygen is large or 
the alkaline solution very concentrated. Accord- 
ing to Hempel (Ber. 20, 1865), the best pro- 
portumsare bgramspyrogallol dissolved in 15 c.c. 
water mixed with 120 grams caustic potash dis- 
solved in 80 cm. of water. Practically no 
carbon monoxide is formed with this solution. 
The absorption is very rapid (Hempel, Ber. 18, 
2()7 and -1800). Giiye and Gerraann have 
described a volumeter by which it is possible 
to analyse accurately very small quantities of 
air (0-25 c.c.) (Compt. rend. 1914, 159, 154). 

3. Metallic Copjtcr. A sjiiral of copper wire 
is hefttod to redness ^n dry air free from carbonic 
acid and of known proR.sure until the whole 
of the oxygen has conil>ined with tho metal 
to form cupric oxide. Tho pressure of the 
ro.sidual gas is then determined, whereby the 
amount of nitrogen is ascertained, and hence 
I tho amount of oxygen. An apparatus on this 

principle was suggested by Jolly (W. N. S. 0538) ; 
it is seen in Fig. 1. 

The glass vessel a, of about 100 c.c. capacity, 
is exhausted by the mercurial pump, and is 


Fio. 1. 

rcplenislnd with the air under investigation. 
This IB then cooled to 0*^ by surrounding a 
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with the metallic cylinder B, which is filled 
with melting ice. The tension of the confined 
air is measured by the height of mercury in the 
glass tubes' g and rf, which are connected to- 
gether by caoutchouc tubing. The tube g is 
movable in the clamp /, the position of d being 
fixed with reference to a. By turning the three- 
way stop-cock b, A and d may bo alone brought 
into connection, or both may bo made to connect 
with the outer atmosphere. The cock is now 
so turned that a and d are alone in connection ; 
the tube g is now raised until the level of the 
mercury in d just touches the point wi, when 
the tension of the air is read off on the graduated 
scale behind g. The copper spiral m a is next 
heated to redness by an electric current, whereby 
the heated metal rapidly combines with the 
oxygen. The cylinder b is once more placed 
round a, the residual nitrogen cooled down to 0® 
by moans of melting ice, and its tension measured 
b}/ adjusting the level of the mercury to w, and 
reading off the height of the mercury in g. 
If, for example, the pre.s8ure before abstracting 
the oxygon was 702 -RG mm., ami after the ab- 
straction was 655-70 mm., tlien I volume of the 
air would bo reduced to '^=0-79090 vol, 

5d 

or, cxpressoil centesimally, the composition of 
the air would be : 

Nitrogen (argon, &c.) T . 79-096"^ 

Oxygen . . . . 20-904 


100-000 

Kreuslor has shown that unless the air be care- 
fully dried before being In-ated with the copper 
spiral, the proportion of oxy gen will ho apparently 
too low, 

Dumas and Boussingault (Ann. Chira. Phys. 
[3j 3267), as far back as IS41, mado use of the i 
fact that heated metallic copper combines with 
oxygen, m order to dot/ermino the graviim^.ric 
composition of air. Air deprived of moi.sturc 
and carbonic ac id was passed through a weighed 
tube containing metallic copper heated to red- 
ness, whereby all the oxygen was absorbed, the 
nitrogen being collected in a vacuous glass globe 
also previously weighed. At the conclusion 
of the experiment the tube containing the 
metallic copper was again weighed ; the increase 
in its weight gave the amount of absorbed 
oxygen, together with the weight of the nitrogen 
which it also contained. The nitrogen was then 
removed by the air pump and the tube again 
weighed ; the difference between the first and j 
third weighings of the tube containing the copper 
gave the weight of absorbed oxygen, and the 1 
weight of nitrogen was obtained by adding the- 1 
difference between the second and ihiS-d weighings 
of tho tube to the increase in the weight of the 
glass globe. As tho moan of a large number 
of experiments mado by this method, the 
precentage composition by weight of air free 
from water and carbonic acid was found to be 

Oxygen . . . .23-00 

Nitrogen (with argon, &c.) . 77-00 

100-00 

Leduo has shown that this 'proportion of 
oxygen is too low, as an average ; the amount 
is about 23-2 p.o. by weight as calculated from 
the kno\Mi density of air and of its constituent 


gases (Compt. rend. 1896, 12, 1806; 1898, 126, 
413). ■ . 

4. Explosion with hydrogm. A measured 
volume of air is mixed with a known volume of 
hydrogen in excess, and the mixture is exploded 
by the electric spark, when the oxygen^combinea 
with tho hydrogen in the proportion of 1 vol. 
of the former to 2 of tho latter to form water. 
One-thinl of tho contraction resulting from the 
explosion represents, therefore, the amount of 
oxygen in the air under examination. This 
method, first suggested by Volta, w^s perfected 
by Buriseii. Modifications of the method have 
boon mad(5 by Rcgnault and Reisot, Williamson 
and Russell, Rrankland and Ward, and others. 
These methods are extremely accurate, and 
have afforded us all the exact knowledge we 
have respecting tho variations in the amount of 
oxygen in atmospheric air. Thus Bunsen, iiT a 
Foncs of analyses mado in the winter of 1846, 
found that the percentage amount varied from 
20 97 to 20-84. Regnault made a large number 
of analy,-es of air collected from all parts of the 
workl. ill 100 analyses of air collected m Paris 
tlic ininmium amount of oxygen was 20-913, the 
maximum 20-999. > Air collected in various parts 
of Europe, from above the Atlantic Ocean, from 
the summits of the Andes and from the South 
Polar Sea, contamed an amount of oxygen vary- 
ing from 20-86 to 21 p.c. Many hundreds of 
analyses were made by Angus Smith, of air 
collected m various towns in England and 
Scotland, and also of air collected in the country. 
Tho oxygen in London air varied from 20-857 to 
20-95, less oxygen as a rule being found in the 
air of streets than in that of the parks and open 
spaces. A series of 30 analyses of Glasgow air 
showed variations from 20*887 in the closer 
parts to 20-920 in the more op^n spaces. Even 
wider extremes were found by Leeds in the air 
of New York, viz. from 20-821 to 21*029 p.c. * 
According to E. W. Morley, the diminished 
proportion of oxygen may be caused by the 
down-rush of air from the higher regions of the 
atmosphere, which probabl^ contain a less 
relative amount of oxygen. Regnault’s experi- 
ments afford some evidence for the belief that 
the air of tho tropics contains slightly less 
oxygen than that in northern latitudes (v. also 
dolly, W. N. E. 61, 520). A similar conclusion 
has been drawn by Hempol (Bor. 20, 1864) from 
tho analysis of a large number of analyses of 
air collected simultaneously at Tromso, Dresden, 
and Para. The mean results were : 


Tromso 
Dresden 
^ Para 


Oxygen. 

20*92 

20-90 

20-89 


From the results of 203 analyses of air col- 
lected at five different spots and analysed by 
three independent methods, it follows that the 
most probable mean percentage amount of 
I oxygen is 20-95. Numerous determinations 
I by Pettersson and Hogland of the air of Stock- 
holm during October, November, and December, 
1889, gave 0 =20*94 (Ber. 22, 3324 ; Hempel, 
Ber. 20, 1864; Kreusler, Ber. 20, Ojl). More 
recent work by Durius and Zuntz, Watson 
(Chem. Soc. Trans. 1911, 99, 1460), acnd Benedict 
(Carnegie Inst. Report, 166), indicates that such 
small variations aft occur are not traceable to 
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meteorological conditions. The mean per- | 
centoge of oxygen (20*952) found by Benedict 
from 1909 to 1912 corresponds closely with 
that found by Morley (20*955) in 1881. 

Air from various parts of Franco, the Alps, 
and Algiers, taken both in spring and winter, 
was found by Leduc to show on an average 
23 *20-23 *21 p,c. of oxygon by weight, the 
extreme values being 23 05 and 23 ’26 p.c. The 
percentage is slightly lower in the noith and at 
sea-level than elsewhere, and is loss in London 
than in Paris. {Samples of the upper air are 
less rich in oxygen than air at the level of the 
earth, although the dilTcrcnces are much less 
than are indicated by the law of Laplace. 

Ozone IS always present iii minute <juantity 
in normal air. Air over marshes contains little 
or no ozone, ^o ozone can be detected m the 
aia of large towns or m inhabited houses. 
Atmospheric ozone is probably formed by the 
action of electricity on nir. Most of the informa- 
tion we at present possess concerning the distri- 
bution of atmospheric ozone has been obtained 
by the use of so-called ozone papers. Of these 
the best known is Schonbein’s, which is based 
on the tfact that ozone liberates iodine. from 
otassium iodide, and thereby renders starch 
lue. To prepare them, unsized paper is 
immersed in a solution of 15 parts starch and 
1 part potassium iodide in 200 parts of water 
and dried in the dark. /Po make a determina- 
tion of ozone the paper is freely exposed to the 
air for some hours and moistened with water, 
and the depth of tint produced compared with a 
standard scale of colour. The method has no 
pretensions to scientific accuracy. Houzoau 
(Ann. Chim. Pliys, 4, 27, 5) determines the 
relative amount of ozone by exposing red litmus 
paper previously dipped in 1 p.c. sol of potassium 
iodide and dried, to the action of the air. The 
** 0 X 006 liberates iodine and the free alkali turns 
the paper blue. 'J’hallium salts arc turned brown 
by the action of ozone, and hence papers soaked 
in solution of those salts have been used for the 
recognition of ozone. Paper soaked in a very 
dilute solution of neutral gold chloride is turned 
a deep violet colour by ozone (Bottgor, Chim. 
Zentr. 1880, 719). 

Attempts have been made to estimate ozone 
by aspirating large volumes of air through 
dilute solutions of hydriodic acid and determin- 
ing the amount of the liberated iodine by iodo- 
metric analysis. Also by leading the air through 
a mixed solution of potassium arsenite and 
potassium iodide, whereby the liberated iodine 
converts the arsenite to arsenate. The liquid 
through which the air had passed was then 
mixed with a few drops of ammonium carbonate 
solution and starch paste, and a standard solu- 
tion of iodine (1 : 1000) added until the blue 
colour was peiraanent. A precisely similar 
experiment was made on equal amounts of 
distilled water, iodine, arsenite, &c., used, and 
from the difference in the amount of iodine 
solution needed the amount of oxidised arsenite 
and hence the quantity of ozone was determined. 

According te David (Compt. rend. 1917, 
164, 430) ozone in air may be estimated by 
adding 5 h.c. of A^/lOO-ferrous ammonium sul- 
phate acidified with sulphuric acid to a vessel of 
1 litre capacity, and then titrating back with 
iV'/lOOO jpotaasium permanganate. 


IVing (Proc. Roy. Soc. 1914, A 90, 204), by 
observations on the action of ozone on aqueous 
solutions of potassium iodide, with the forma- 
tion of hypoiodite and free iodine, finds that the 
average amount of ozone in the atmosphere is 
2-5 vols. per million of air, and that this amount 
vanes very little with the altitude between 
5 and 20 kilometres. In the Alps a mean value 
of 2-5 vols. was observed at 2100 metres, and 4*7 
vol.s. at 3580 metres. Pring regards ozone as a 
contributing factor in determining the blue 
colour of the sky. 'fhe use of potassium iodide 
as an agiuit for the estimation of atmospheric 
ozone IS deprecated by Usher and Rao (Chem. 
iSoc. Trans. 1917, 111, 799), who have devised 
a method m wliich the air to be examined is 
shaken with a dilute standard solution of sodium 
nitrite made slightly alkaline ; and the un- 
changed nitrite content subsequently doter- 
*mined colorimetncally by the production of 
the red dye with r. naphthylaniine and sul- 
phanilic acid (Uriess llosvay method). For 
particulars the original description must bo 
consulted. 

It appears that the amount of ozone varies 
with the seasons : it is greatest in winter, be- 
comes gradually less during sjiring and autumn, 
and is l(*ast in summer. Ozone i.s more fre- 
' quently observed yn rainy days than in fine 
w*ea<flier ; thunderstorms, gales, aud hurricanes 
are frequently accompanied by relatively strong 
manifestations o' it {rf. Thierry, Compt. rend. 
1897, 124, 400). 

According to Holmes (Amer. Chem. J. 1912, 
47, 497) the maximum amount of ozone in the 
air 18 only found when ‘ lugh ’ barometric areas 
are so near that the air from great heights flows 
rapidly down to the earth. Most of the ozone 
is produced by the action of the sun’s ultra- 
violet rays on the upper air (c/. Strutt, Proc. 
Roy. Soc. 1917, 94, 2()0). According to Moore 
(Proc. Roy. Soc. 1918, B, 90, 158), the ‘ozone ’ 
odour ill air is probably due to oxides of nitrogen 
formed by the action of sunlight rich in ultra- 
violet light in the upper layers of the atmosphere 
on air and water-vapour. 

It is highly probable that many so-called 
ozone manifestations are duo to the existence of 
hydrogen 'peroxule in the air, which was first 
demonstrated by Meissner in 1863. Schone 
found from observations made at Moscow, that 
it was invariably present in rain, dew, and snow, 
and was less in winter than in summer; and 
more in southerly w'inds than in those from the 
north. The amounts in all cases were, however, 
very minute, the maximum being 1*4 c.c., and 
the mean 0*38 c.c. hydrogen peroxide vapour 
in 1000 c.c. air. 

The quantity of aqueoTis vapour in the air 
varies with the temperature : thus 1 cm. of air 
when saturated with water contains : 

At —10® 2*284 grams At +20° 17*157 grams 
0® 4*871 „ 25® 22*843 „ 

+ 6® 6*795 „ 30® 30*095 „ 

10® 9*302 „ . 35*39*262 

15® 12*746 „ 

The most accurate method of determining 
the amount of hqueous vapour in the air oonsists 
in aspirating a given volume of the air through 
weighed tubes filled with some hygrosoopio sub* 
stance, such as phosphoric oiiae or pumioo 
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soaked in oil of vitriol and reweighing the tubes, 
whffn the increase of weight gives the quantity of 
moisture present. 

Usually,, however, the humidity of the air is 
estimated by means of hygrometers, the best- 
known form of which is the paychromoter or 
wet-and-dry-bulb thermometer of August. The 
absolute humidity of the air is the w'eight of 
aqueous vapour contained in 1 c.m. The rekUive 
humidity denotes the relation between the 
weight actually present and that which could 
be theoretically present if the air were saturated ; 
it is usually expressed in per cent, of the maxi- 
mum humidity. The air is seldom absolutely 
saturated with aqueous vapour, although in our 
moist climate saturation is occasionally very 
nearly attained. With us the most humid 
month is December, and the driest is July. 

The presence of carbonic acid in the atmo- 
sphere was lirst indicated by Black in 1752., 
The quantity in normal air, is about 0-03 p.c. ; 
in that of largo towns it is slightly greater. 
Angus Smith gives the following summary of 
results obtained in London in IStit and ISGU 
(Air and Ram, 53-58) : — 

Over Rivi'r Thames . 8 expts. 0*0343 p.c. 

In the Park . . 5 „ 0*0301 „ 

In the streets . .10 „ 0*(‘380 „ 

Any circutrstanre winch interferes with the 
ready diffusion of the products of respiration 
and of the combustion of fuel will tend 
to increase the relative amount of carbonic 
acid in the air of a town : hence during fogs 
the amount may be as great as 0*1 p.c. 

The amount of carbonic acid in the air of 
the country at night is usually greater than in 
the day, as the following comparison shows: — 
Air in the day-time. 


Observer 

Year 

Place 

Amount 

Fr. Schulze 

T. Reiset . 

G. F. Armslrong 
AlUntz & Aubin . 
A. Levy . 
Petermauu 

Brown A Es combi' 

ISO 1-71 
187:i-80 
1879 
1881 
1877-83 
1892 

189^-1901 

Rostock 
bicorohebcDuf 
Grasmere . 
Vmeennes . 
Moutsouns , 
Gemploux . 
Kew . 

0*0202 p.c. 
0*0*290 „ 

0 0*296 „ 

0 0284 ,, 

0 0299 „ 
0*0299 „ 
10 0294 „ 

Air in the night-time. 


T. Reiset . 

G. F. Armstrong 

1873-80 

1879 

Ecorcheboeuf 
Grasmere . 

0*0304 p.c. 
0*0330 „ 


These differences are mainly duo to the ex- 
halation of carbonic acid from plants at night, 
and, to a smaller exierit, to the absence of wind 
and of any decomposition of the gas by the 
action of sunlight. Over the sea this diuriinl 
variation is not perceived, as the following 
results indicate : — 

Carbonic acid in sea air. 


T. E. Thorpe 

Irish Channel 

186&-6 

Day . 1 0*0301 p.c. 


and Atlantic 




Ocean 


Night 1 0*0290 „• 




Mean 0*0300 


In cold regions the dissociatiofi pressure of 
hydrogen oarbopates in the sea being low, the 
proportion of carbon dioxide in the air is below 
normal Sampleb of air collected over the sea at 


latitudes of 64-70, at temperatures between 
1° and 2°, gave a mean value of 2*0524 vol.«i. in 

Carbonic acid in the air of tropical countries. 


T. E. Thorpe , 

S. America . 

1806 

q'0328 p.c. 

Miiiiiz & Aubin . 

8. and Central 



America 

1882 

0'0278 „ 



Mean 

00303 


10,000 of air, a distinctly smaller proportion 
than is met wdth in warmer regions (Muntz and 
Lainc', Compt. rend. 1911, 153, 1116). 

The pressure exerted by the carbonic acid in 
air is so small that its amount is not perceptibly 
diminished by rain. 1’he amount also is not 
sensibly altered in the higher regions of the 
atmosphere. 

Of the several methods which have boon pin>- 
, posed for the estimation of atmospheric carbonic 
acid, the most generally convenient is that of 
Pettenkofer. It consists in exposing a knoum 
volume (say 50 c.c.) of dilute baryta water of 
known strength to a measured quantity of air 
(4-6 litres) contained in a well-closed flask. In 
about 5 or 6 hours the absorption of tjie car- 
bonic acid wull be "complete, provided that the 
sides of the flask have been moistened from time 
to time by the baryta solution. The baryta 
solution is then decanted and allow^ed to stand 
in a small stoppered bottle until the barium car- 
bonate has settled, when aliquot portions (say 
20 c.c.) of the clear solution are w'ithdrawn and 
the amount of the baryta still in solution deter- 
mined by titration with a standard solution of 
sulphuric or hydrochloric acid, of which 1 0 . 0 . = ! 
mgm. COj, plienolthalein being used as indicator 
[v. Acidimetry). 'I’ho difference in the volume 
of acid needed for the ncutrali.sation of the bar 3 rta 
before and after exposure to the confined 
volume of air gives the number of milligrams of 
carbonic acid contained in the air. Blochmann 
(Annalon, 237, 72) has described a modification 
of tbo apparatus which allows of the titration 
being effected without exposure to the air of the 
laboratory. 

(For other methods, v. Haldane and Pembrey, 
Roy. Soc. Proc. 1889; Cl. Winkler, Chem. 
Uiiter, der Industriegase, Freiberg, 1877 ; Beiset, 
Chem. Soc. Trans. 90, 1144 ; Muntz and Aubin, 
Compt. rend. 92, 247.) 

(For Angus Smith’s minimetrio method, v. 
Air and Rain ; compare Lunge, Dingl. poly. J. 
231,331.) 

(On the influence of the sea upon the amount 
of atmespherio carbonic acid, v. Levy, Ann. Chim. 
Phvs, [3] 34, 5 ; Thorpe, Chem. Soc. Trans. 
Ib67 ; Schloosing, Compt. rend 93, 1410 ; 
Lawes, Phil Mag. [5] 11, 206.) 

Minute quantities of ammonia and nitrous 
and nitric acids are also present in the air. 
Although many of the published observations 
are probably inaccurate owing to the imper- 
fection of the methods employed, it appears to 
be proved that the amount of ammonia, which 
exists mainly as carbonate, is subject to very 
great variations. By aspirating from 10 to ^ 
litres of air through Ncsslcr’s solution (an alka- 
line solution of potassium-mercury iomde) and 
comparing the depth of colour with that pro- 
duced by a standard solution of an ammonium 
salt, H. T. Brown? (Roy. Soo. Proc. 18, 286) 
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found that tKe air of Burton-on-Trent during | 
September, October, and November, 1869, [ 
taken 2 metres from the ground, contained from 
0-4059 to 0-8732 part (NH 4 )jC 03 in 100,000 parts 
of air, whereas that of the country taken during 
Decoin bar and February contained from 0-6102 
to 0-6085 part. The direction of the wind had 
apparently no influence on the amount ; heavy 
rain seemed to diminish it, but the air was 
restored to its normal condition in a few hours. 
Trijchot found from 0-93 to 2 79 mgm. per cubic 
metro in the air of. Auvergne, the minimum 
being found in clear weather and the maximum 
during fogs (Cornpt. rend. 77, 1059). Miint* 
and Anbin, from observations on ram water, 
found that the upper strata of air contain much 
less ammonia than air near the ground. Levy 
(Compt. rend. 91, 94) found that the ram water 
aijd snow of Paris contain in mean 1-P mgm. 
of ammoniacal nitrogen per litre of water. The 
amount of ammonia in 4ihis meteoric water is 
least in winter and greatest during the warn er 
periods of the year. Gilbert and Lawes found 
that 1,000,000 pts. of ram water collected in the 
country contained 0-927 to 1-142 pts, of am- 
monia. Rain water collected in towns always 
contains large quantities of ammonia. Thus 
Angus Smith found that rain water collected in 
the sparsely populated districts in Scotland con- 
tained 0-63 pt. per million, whereas the rain 
water of London contained 3-45, that of Liver- 
pool 5-38, that of Manchester (5-47, and that of 
Glasgow 9-1 per million. The increased amoiftit 
in the towns is doubtless duo to the influence of 
animal life and to tlie constant presence in 
greater proportion than in the country of readily 
decomposal)! * nitr gen(jus organic matter in 
the air {(f. llcinrich, Chem. Soe. Abst. 1898, 
ii. 114). 

The quantities of nitrous and nitric acids in 
the air are even smaller than that of ammonia. 
Angus Smith (Air and Rain, 287) has given 
the following results shoving the amount con- 
tained in a million pts. of rain water : — 

Scotland, inland country places . 0-306 

Ireland „ „ „ . 0-370 

Scotland, country places . . 0-424 

„ towns . , . 1-164 

England, inland country places . 0-749 

„ towns . . . 0-863 

Tricschmann found that the average per million 
brought down in ram at Mount Vei non, Iowa, 
over a period of 8^ months vasof fiee ammonia 
0'407 ; albuminoid ammonia, 0*366 ; nitrates, 
0*265 ; and nitrates 0*018. Rain was lound to 
be richer in nitrogen contents than snow (Ohem. 
News, 1919, Ud, 49). 

Occasionally, and more especially in the air 
of towns, minute quantities of hydrocarbons, 
sulphuretted hydrogen, carbonic oxide, 
Bulpburous acid, common salt, alkaline 
sulphates, are met with. Boracio acid and 
sal ammoniac have been observed in air in 
the neighbourhood of active volcanos. 

The percentage amount by volume of the 
inert gasps in the air may be stated as follows : — 


Argon 
Kr3rp*dn 
Xenon . 
Neon , 
Helium 


0-93000 p.c. 
0-00996 
0-00114 
0-00123 
0 00040 


(Moissan, Compt. rend. 137, 600; Ramsfty, 
Roy Boc. Rroc. 1908, 80 A, 699.) 

Organiomatfcerin greater or less quantity 
IS always present in the air. Much of this is 
nitrogenous, and apparently readily susceptible 
to putrefaction, giving rise to products which are 
alternately transformed into ammonia, nitrous 
and nitric acids. This form of organic matter 
reduces silver nitrate and potassium perman- 
ganate solutions. A portion of the organic 
matter consists of micro-organisms which 
are rapidly deposited in the absence of strong 
aerial currents. Hesse quantitatively estimates 
the relative proportions of micro-organisms oon- 
tained in air by aspirating a given volume of 
the air through glass tubes coated internally 
Avith gelatine peptone, w-hich is then kept at a 
temperature of about 25® for some days, when 
the various monad bacilli and micrococci which 
Irfire arrested and which are capable of groAving 
in the gelatine peptone are recognised by the 
colonies which they form. By means of this 
method Percy F. Frankland has made a 
number of estimations of the raiero-erganisms 
contained in the air of tovAiis ar d in the country 
and in inhabited buildings. By simultaneously 
cx} losing small circular glass dishes partially 
filled with the nutrient gelatine to the action 
of the air, a rough estimate was obtained not 
onl)^ of ilio numfler of micro-organisms in a 
given volume of the air, but also of the number 
which foil during a given time on a definite ’ 
horizontal area. As the mean of a series of 
observations made on the roof of the South 
Kensington Museum botAveen January and June, 
1886, it AA*as found that there were 35 organisms 
in 10 litres of air, whilst 279 was the average 
number which fell on 1 sq. ft. in 1 minute. 
Simflar experiments made near Roigate and in 
the vicinity of Norwich showed an average of 
14 organisms in 10 litres of air, while 79 fell 
per sq. ft. per minute. Experiments made in 
Kensington Gardens, Hyde Park, and on Prim- 
rose Hill, gave an average of 24 organisms in 
10 litres, and a deposition of 86 per sq. ft. per 
minute. At St. Paul’s Cathedral, 66 organisms 
AA^ere found at the base, 29 in the Stone Gallery, 
and 11 in the Golden Gallery, in 10 litres of air. 
At Norwich Cathedral, 18 at the base, 9 at a height 
of 180 ft. and 7 at 300 ft. In inhabited build- 
ings great variations were observed ; as a rule, 
the number of micro-organisms was less than 
was found in the open air when the air of the 
room was undisturbed, but rose rapidly when the 
air was sot in motion by draughts or by the 
presence of many people (P. F. Irankland, Roy. 
Soc. Proc. 40, 609). 

Experiments made at the Montsouris Obser- 
vatory have shown that far fewer organisms are 
present in the air during winter than during 
spring and summer. The number also seemfi to 
be greatly increased after rain. Whilst in the 
warm months the number of spores in 1 litre of 
air was 28, after heavy rain it rose to 96 and 
120 . 

Atmosphorio dust is made up of both in- 
organic and organic matter. Tissandier found 
that 1 c.m of the air of Paris contained on the 
average 7-6 ftigms. of dust ; after a period of 
dry weather (8 days), 23*0 mgms., and after 
heavy rain, only 6-0 mgms. It consisted of 
from 27 to 34 p.c. volatile matter, and from 
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36 to 76 p.c. mineral matter, viz. sulphates 
ind chlorides of the alkalis and alkaline earths, 
)xidea of iron, earthy carbonates and phos- 
Dhates, &o. {cf. J. Aitken, Trans.. Roy. Soc. 
Edin. 36, 37, 39). 

Radioactive Constituents of the Atmo- 

SPHERE. 

A charged electroscope slowly loses its charge 
in air, and it has been shown that this is not duo 
to moisture, but that, on the contrary, the 
leakage is greater in dry than in wot weather. 
The conductivity of air is lessened by passage 
through a metal tube or by the presence of a 
weak electric field. These facts indicate that 
the conductivity of air is due to tlic prosonco 
of charged ions ('Jowiisond, Proc. Roy. Soc. 
1899, 65, 102; Geitol, Naturw. Rundsch. 21, 
221). The rate of leakage of electricity from 
a charged conductor in dust-free air is the same ^ 
for positive and negative eliargos, but vanes 
with the pressure. O'lie loss'of charge per second 
jorresponds to the pioductiou of aLout 20 ions 
)f either sign in each cubic centimetre ot air 
Wdson, Proc. Roy. iSoc. 68, 151). 

Elster and Geitel have sliown (Wiod. Ann. 
2] 39, 321)' that ions are ])roduced during 
he formation of oznao by contact of air with 
lames or by the slow oxidation of phosphorus, 
kc., but the mere presence t)f ozone doeswiot 
inpart conductivity to air (Jonsaon and Ringer, 
Bor. 190G, 39, 2090). Langevin (Compt. rend. 
1905, 140, 232) states that m air, in addition to 
iirdinary ions carrying charges equal to that of a 
aydrogen ion in solution, tliero exist other ions 
laving a much smaller mobility, but carrying 
jharges fifty times as great. 

N^ordmann has described (Compt. rend. 140, 
430) an apparatus for continuously recording the 
state of ionisation of the air. Air is caused to 
circulate between the jilatos of a cylmdncal 
condenser, and the charge given up by the ions 
is removed by di'oyiping ivater. 'J’ho condenser 
is connected with an electroscope, 1 he deviations 
of which are ri forded photographically, and are 
proportional to the numlicr of ions present in 
unit volume of air. Another apparatus for the 
same purpose is that of Langevin and Moulin 
(Compt. rend. 140, 306). 

No satisfactory explanation of the ionisation 
of air was found until Elster and Goitel showed 
(Physikal. Zeitsch. 1901, 76, 690) that a negatively 
charged wire suspended in the open air became 
coated with radioactive matter, the presence of 
which could be proved by its action upon a 
charged oloctroscop-*, although the quantity 
present was altogeiner too small to respond to 
any chemical test. Rutherford and Allan 
confirmed this observation, and measured the 
rate of decay of the depos|^t (Phil. Mag. 1902, 
vi, 4, 704). Later, Allan showed that the 
radioactive matter could be removed from the 
wire by rubbing it writh a piece of felt or by 
solution in ammonia, and that the aslie.s of the 
felt or the residue from the evaporation of the 
solution showovi rauioactivity having a period 
of decay equal to that of the deposit on the 
wire (PhU. Mag. 1904, vi. 7, 140). 

Those phenomena are due to .the presence 
in the atmosphere of the gaseous emanations 
of radioactive elements, probably those of 
rftdium and thorium (Bumstead, Amer. J. Sci. 


1904, 18, IJ. The amount of active matter 
is not constant, but increases with increased 
ciroulatidh of the air, and is therefore probably 
duo to the presence of radium in the sod (Simp- 
son, Phil. Trans. 1905, A, 205, 61). Balloon 
observations made by Flemming »(Zeitsoh. 
physikal. Chom. 1908, 9, 801) show that radium 
emanation is present even at a height of 3000 
metres. Thorium emanation exists principally 
in air taken from tlie soil or the lower la 3 ^rs 
of the atmosphere (Gockd and Wulf, Physikal. 
Zoitsch. 1908, 9, 907), That it is not widely 
disseminated in the air is probably’ duo to its 
rajiid rate of decay (Blanc, Physikal. Zeitsch. 
19u8, 9, 294). The experiments of Dadourian 
(l^hysikal. Zoitsch. 1908, 9, 333) and of Wilson 
(Phil. Mag. 1909, 17, 321) indicate thaA air 
normally contains about 3700 times as much 
radium emanation as thorium emanation. « 

By passing air through a copper spiral cooled 
in liquid air, the emamy^ions are condensed, and 
may then bo volatilised into an electroscope and 
the amount estimated by their effect in ionising 
tlio contained air. Ashman (Amer. J. Sci. 
1908, 26, 119) has thus found in Chicago air 
an amount of emanation per cubic metr^ equal 
to that w'liich v/ould bo in equilibrium with 
about 1*0 X 10“*® gram of radium. By absorb- 
ing the emanations in charcoal and then 
volatilising them into an electroscope, Eve 
has obtained results of the same order — 
0-8x10“*® gram for the radium equivalent of 
the emanation in the air of Montreal (Phil. Mag. 
1907, 14, 724), and has shown by numerous 
observations that the value is not affected by 
temiierature, but that a deep cyclone with rain 
causes an increase, whilst anti-cyclonic conditions 
cause a decrease in the amount of emanation 
(Phil. Mag. 1908, 16, 622). These results have 
been confirmed by Satterly (Phil. Mag. 16, 684). 

All investigators are agreed that these 
emanations are the chief cruie of the ionisation 
of air, but Wilson, by experiments on the effect 
of pressure on ‘ natural ’ ionisation of air enclosed 
in a metal cylinder, has showTi (Phil. Mag. 1909, 

17, 216) that it is partly dSe to some pene- 
trating radiation the source of which is not 
in the soil (Pacini, Atti R. Acad. Lincei, 1909, 

18, 123). Both Pacini and Wulf (Physikal. 
Zeitsch. 1909, 10, 152) have detected a double 
diurnal periodicity in the state of ionisation of 
the air. 

(See also Harvey (Physikal. Zeitsch. 1909, 
10, 46) and Runge (Chem. Soc. Abstr. 1908, il 

80).) 


ATOMIC WEIGHTS AND SYMBOLS OF THE 
ELEMENTS (0-16). 


Aluminium 




, A1 

27*1 

Antimony 




. Sb 

120*2 

Argon 




. A 

39*9 

Arsenic . 




. As 

74*96 

Barium . 




, Ba 

137*37 

Bismuth . 




. Bi 

208*0 

Boron 




. B 

10*9 

Bromine . 




. Br 

79*92 

Cadmium 




. Cd 

112*40 

Csesiura . 




. Cs 

132*81 

Calcium . 




. Ca« 

40*07 

Carbon . 




. C 

12006 

Cerium . 




. Ce 

140*25 

Chlorine • 


« . 


, Cl 

35*46 
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Chromium 




. Cr 

520 

Cobalt . 




. Co 

68-97 

Columbiump 




. Cb’ 

931 

Coiiper . 




. Cu 

63-67 

Dysprosium 




. i>y 

162-5 

Erbium • . 




. Er 

167-7 

Europium 




. Eu 

152-0 

Fluorine . 




. F- 

19-0 

Gadolinium 




. Gd 

167-3 

Gallium 




. Ga 

70-1 

Germanium 




. Go 

72-6 

Glucinum 




. G1 

9-1 

Gold 




. Au 

197-2 

Helium . 




. He 

400 

Holmium 




. Ho 

163-6 

Hydrogen 




. II 

1 008 

Indium . 




. In 

114-8 

Iodine 




. 1 

126-92 

kidium . 




Jr 

193-1 

Iron 




. Fe 

65-84 

Krypton . 



• . 

. Kr 

82-92 

Lanthanum 




. La 

1390 

I.iead 




. Ph 

207-20 

Lithium . 




. Li 

6-94 

Lutecium 




. Lu 

176-0 

Magnesium 




- Mg 

21-32 

Manganese 




. Mn 

54-93 

Mercury . 




. Hg 

200-6 

Molybdenum 




. Mo 

900 

Neodymium 




. Nd 

144-3 

Neon 




. Ne 

20 2 

Nicael 




. Ni 

68-68 

Niton 




. Nt 

222-4 

Nitrogen . 




, N 

14-008 

Osmium . 




. Os 

190-9 

Oxvgen , 
Palladium 




. 0 

. Pd 

1600 

106-7 

Phosphorus 




. P 

3104 

Platinum 

> 



. Pt 

196-2 

Potassium 




. K 

39-10 

Praseodymium 




. Pr 

140-9 

Radium . 




. Ra 

2200 

Rhodium 




. Rh 

102-9 

Rubidium 




. Pb 

86-45 

Ruthenium 




. Ru 

101-7 

Samarium 




. Sa 

160-4 

Scandium 




. Sc 

44-1 

Selenium 




. Se 

79-2 

Silicon 




. Si 

28-3 

Silver 




. Ag 

107 -88 

Sodiu^n . 




. Na 

23-00 

Strontium 




. Sr 

87-63 

Sulphur . 




. S 

3206 

Tantalum 




. Ta 

181-5 

Tellurium 




. Te 

127-5 

Terbium 




. Tb 

159-2 

Thallium 




. T1 

2040 

Thorium 




. Th 

232 L5 

Thulium 




. Tm 

168-5 

Tin 




. Sn 

118-7 

Titanium 




. Ti 

48-1 

Tudgsten 




. 

184-0 

Uranium . 




. U 

238-2 

Vanadium 




. V 

610 

Xenon . 




. Xe 

130-2 

Ytterbium (Neovtterbium) 

. Yb 

173-5 

Yttrium . 

. 

. 

, 

. Yt 

89-33 

Zinc ^ . 



, 

. Zn 

66-37 

Zirconium 

, 

, 

. 

. /r 

90-6 


ATOPHAN. Trade name for 2-phenyl- 
qtdnoline4>carboxyUo acid; 


COOH 

Is 

Used as a uric acid cLminant and as an analgesic 
in the treatment of gout and sciatica. 

ATOXYL, Trade name for the mono-sodium 
salt of ;}-amino])hcnylarsinic acid (Ehrlich 
and Bertheim). Forms a white crystalline taste- 
less, odourless pov der. So named from its 
relatively low toxic action {v. Aksenicals, 
Okoanio.) 

ATRAMENTUM STONE. {Atramenlumsiein, 
Ger.) A product ot the partial oxidation 
of iron pyrites, consisting of a mixture of ferrous 
and ferric sulphates with free ferric oxide. Used 
in the manufacture of ink. 

ATRANORIN GnjHigOg is present in the 
lichens Eiernia vulptna, E. prunantu, E. fur- 
faracm, Lecanora atra, L, sordida, Parmelia 
^yfrlata, P. physodes, P. tinctorium, Physcia 
stdlaris. Xanthuria panetirui, Cludonia rangi- 
formiSf Stereocaulan vesuvianum and others. 
It forms colourless prisms, m.p. .195®-197® C. 
(Zopf), 187®-! 88® 0. (Hesse), easily soluble in 
liot cliloroform, soluble in alkalis with a yellow 
colour. 

^According to raterno, by heating with water 
to 150®, utranorm gives physciol (methyl- 
phloroglucinol) and atraric acid (betorcinol- 
carboxylic acid methyl ester), and these sub- 
stances are also obtained wlien atranorin is 
heated with acetic acid in a sealed tube (Hesse). 

Physciol forms colourless needles, m.p. 
104®-105°, gives a blue-green colouration with 
ferric chloride, and possesses, according to 
Hesse, the constitution of a mcthyl-pldoro* 
glucinol — 


CH, 



Bttorcinol carboxylic acid methyl ester 
CjqHij 04 , crystallises in leaflets, - m.p. 140®- 
[141® C., and gives a blood-red colouration with 
j calcium hyjiochlorite solution. Digested with 
boiling hydriodic acid, it is converted into 
fi-orcin (Stenhouse and Groves), CsH, 
according to the equation — 

CioHx, 04 -fHI=CH,I+CO,-hC,HioO, 

P-orcin {see also harhalic acid) is 1 : 4-dimethyl-* 
resorcinol. 

The constitution assigned to botorcinol 
carboxylic {icid methyl cater is — 

CH, 

0 GOOCH, 

OH; 

CH, 

Heated with alcohol in a sealed tube atranorin 
gives, according to Paternd, hatmatommic add 
and hcermtomminic acid ; but the reseatebet 
of Hesso indicate that these compounds in 
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reality consist of hoiinQiiornmic acid methyl ether 
and betorcinol carboxylic acid methyl ether. 

Hasmatommic acid methyl ether CioHioO, 
forms colourless needles, m.p. 147°, soluble in 
alkaline solutions with a yellow colour. With 
ferric chloride it gives a purple-red or purple- 
brown colouration. The ethyl ethers CnHijOj, 
gives colourless needles, melts at 111°-112° 
(Hesse); 1 13°-114° (Zopf). It is represented by 
the formula — 

0— -rH, 



COUl'gllj 

When a solution of atranonn in dilute acetic 
acid is gently evaporated, atrnnortnic acid 
(Hesse) is produced. This compound is also 
present in the Cladunia jaugtformis (Hesse) 
when gathered in December, but is absent from 
the lichen in summer. 

Atrariorinic acid forms 

colourless crystals, which are anhydrous at 
100°, and then melt at 157°. With ferric 


chloride it gives a dark brownish-red colouration. 
With hydriodio acid it gives /3-orctn, and when 
heated with alcohol yields carbon dioxide, 
physciol and ^-orcin. The co/istitutions jissifTiied 
to atranorinic acid (1) and atranonn itself (2) are 
as follows : — 

CH3 


/\-COOH 

H0M-O-CH3 

/\_C()0(:h3 

HOW 

CH, 0 

i 

CKj 0 

1 

ch/\ 

1 

cn.A 

HO'^^OH 

Hot. j-O 

I. 

W 

II. 


References. — Patom6 and Oglialaro 

(Gazzetta, 7, 280), Patemh {ibid., 10 , 157, and 
12, 257) ; Zopf (Annalen, 288, 38) ; Hesse 
(J. pr. Chem. 57 , 280) ; Liidecko (Annalen, 288, 
42) ; Hesse (Annalen, 119, 305) ; Stenhousc and 
Groves (Annalen, 203, 302) ; Ilesso (J. pr. 
Chemi 1908, [ii.] 73, 113). A. G. P. 

ATRINAL. Trade name for atropine sul- 
phuric acid. 

ATROLACTINIC ACID V . Lactic aciu. 

ATROPAMINE. Ses under TnopiciNBa. 

# ATROPINE V. Tkopeines. 

ATROSCINE. Sec Hyoscine, under Tro- 
pxmBs. 

ATTAR OF ROSES v . Oils, Essential. 

ATYROSYL. syn. for Asyphil. 

ADCUBIN r. (Jluoosidbs. 

AURABHNE. Iminotetra‘imihyldiparam,ino-di- 
vhenylmethane hydrochloride, Ci7H,,N„HCl,H,0, 
NMe,-C^4C(NH)-0^.‘NMe„HCl,H»O(Graebe), 
or Me.N-C,H4-C(^H,) : : NMoaCl,H,0 

(Stock ; Dimroth and Zoeppritz). According 
to Stock (J. pr. Chem. 47, 401 f Bor. 19tK), 
33, 318), and Dimroth and Zoeppritz (Ber. 1902, 
36, 984), the base has the constitution assigned 
to it by Graebe (Ber. 1899, 32, 1078 ; 1902, 35, 


2615), but the hyclroohloride and the other salts 
have the quinonoidstructureMe.N*CgH4*C{NH|). 
C«H4 ; NMejCl, and are to ne regarded as 
derivatives of triphenylmethane in which an 
amino- group ha** replaced one of the benzene 
residues. (C/, Semper, Annalen, 1941, 381, 

j^uramine, the first member of a series of 
yellow, orange-yellow, or brown dyes, is the 
hydrochloride of a colourless base obtained by 
the action of ammonia on tetramethyldiamino- 
benzophonone, and comes into the market either 
in the nearly pure form as Auramine 0, or mixed 
with dextrin as Auramine I. and 11. (Graebe, 
Ber. 20, 3264). Fohrmann (Ber. 20, 2847) pro- 
posed to restrict the name auramine to the 
colourless base, but such a change would inevit- 
ably lead to confusion ; and Graebe (l.c.) has 
consequently adopted the name auramine-hofie 
for the base itscll, using the term auramine in 
its usual signification. ^ 

Preparation. — ( 1) Auramine was originally pre- 
pared from tctramethyldiaminobonzophenone 
by dissolving it in some indifferent solvent such 
as chloroform, carbon disulphide, hydrocarbons, 
&c., treating it with half its weight of^ phos- 
phorus trichloride or oxychloride, and adding 
excess of concentrated ammonia to the chlori- 
nated compound thus obtained (B. A. S. F., 
D. R. P. 27789). 

(2) Auramine can be prepared more econo- 
mically by heating totramethyldiaminobenzo- 
phonono with suitable ammonium salts, such 
as the chloride, acetate, tartrate, thiocyanate, 
&c., in the presence of zinc cliloride at 200* 
(B. A. S. F., D. R. P. 29060). Acetamide 
may be emploved instead of ammonium salts 
(E. A. S. F., D. R. P. 38433), or the dye may 
be obtained by heating aniline hydrochloride 
with zinc chloride and carbamide, phenyloar- 
bamide, diphonylcarbamido, or oarbanil (Ewer 
and Pick, D. R. P. 31936); but these alterna- 
tive methods have uo practical importance. 

(3) At the prosont day, auramine is pre- 
pared by a method due to ^andmeyer (En g , 
Pat. 12649, 1889; 16666, 1890) and Walker 
(J. Soc. Chem. Ind. 1901, 34), which consists 
in heating a mixture of tetramethyldiamino- 
diphenylmethane, sulphur, ammonium chloride, 
and soaium chloride in a current of dry ammonia. 
A modification of this method is described by 
J. Y. Johnson (B. A. S. F., D. R. P. 71320; 
Eng. Pat. 6240, March 23, 1893), in which the 
tetramethyldiaminodiphenylmethane is replaced 
by dimethyl - tetramothyldiaminodiphenylme- 
thane obtained by condensing acetone and 
dimethylaniline (Ber. 1878, 12, 813). About 14 
kilos, of dimethyl-tetramethyldiaminodiphenyl- 
methane are mixed with 120 kilos, of salt, 6 
kilos, of sulphur, and 7 kilos, of ammonium 
chloride', and a stream of ammonia gas is passed 
tliTough ihe mixture for eight hours at 176*. 
The mass is first washed with cold water to dis- 
solve away the salt and ammonium chloride, 
it is then dissolved in water at 70®, filtered, 
and the dye salted out, pressed, and dried. 
Auramine is also prepared by heating dimethyl- 
amino benzamide and dimethvlaniliue with zino 
chloride at 160®-200® (D. R. P. 77329). 

(4) Guyot (Compt. rend. 1907, 144, 1219 ; 
J. Soo. Chem. Ind. 1908, 679) has synthesised 
auramines by moHns of the oxaUc esten. 
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Ohena. Ind. 1907, 6^) form neutral salts with 
aoids, the indigo-blue aqueous solutions of which 
react with ammonia oven when dilute to furnish 
tetraalkyidiamiuodiphenylamino acetic esters, 
according to the equation : 
(11 jN-C,H4 )2CC1'C02R'+2NH3 

=NH,Cl-f(R„N-C3H,)2C(NH2)C02R'. 
These now compounds are cxo-carboxylic deriva- 
tives of the loucaurarnines, and possess all the 
properties of the latter. They dissolve in 
glacial acetic acid with an intense blue coloura- 
tion, and condense with aromatic tertiary amines 
to torm triphonyl methane derivatives. I'hus 
ethylhexamethyltriammotriphenyl acetate is 
produced by heating an cqui molecular mixture 
of 'dimothylaniline and ethyltotraraethyl- 
diaminodiphenylaminoacetate in glacial acetic 
tftiid on the water-bath for some minutes : 
(Me2N-C,H,).,C(C02Et)-NH.,+C«H5-NMo2 

«=(Me2N-CjHj2CXCOsEt)C,H,iS[Me2+NH3. 
When a dilute alkaline solution of the amino- 
acetic ester is oxidised vdth dilute potassium 
ferricyanide solution in the cold, a quantitative 
yield qf the corresponding auramine is produced. 

Properties . — Auramine crystallises from 
water in yellow scales, which seem to consist of 
six-sided tables, and from alcohol in golden- 
yellow scales, molts at 207® (Graobe), carbonises 
at 265*-280® without previous fusion (Fchrmann), 
and is sparingly soluble in cold but readily 
soluble in hot water ; the temperature of the 
aqueous solution, however, must not exceed 60®- 
70®, otherwise decomposition ensues, with the 
formation of ammonia and totrarnethyldiamino- 
benzophenone. On treatment with mineral acids, 
the aqueous solution undergoes a similar decom- 
position either silowly in the cold or very rapidly 
on heating. Spectroscopically, auramine be- 
haves like most yellow dyes ; a hot concentrated 
aqueous solution, however, shows two bands, 
one in the red and one in the green, which 
become broader on dilution and finally coalesce, 
forming a bright broad band extending from the 
middle of the red to the commencement of the 
green (Graebe). On treatment in the cold with 
ammonia, auramine (crystallised from alcohol) 
is converted into the colouilesa base CnH-aNa, 
which melts at 136®, and is characterised by 
yielding with acids inWscly yellow, and for the 
most part crystalline salts, which dissolve m 
water and alcohol without fluorescence. Alka- 
line reducing agents, such as sodium amalgam, 
slowly decolourise the alcoholic sedution of 
auramine, forming leucauramine C„H„N3, a 
colourless crystal] me reduction compound melt- 
ing at 136®, which dissolves in acetic acid with 
an intense blue colour owing to its decompo- 
sition into ammonia and tetraincthyldiamino- 
benzhydrol. 

Auramine dyoa wool and sillt direct, pro- 
ducing colours which are pur© yellow and fairly 
fast to light and soap. Cotton, for which the 
dye is chiefly used, requires to be first mordanted 
with tannin and tartar emetic, and on this 
account auramine is useful for producing com- 
pouhd sj^des with other basic colouring matters, 
such m safranine, benzaldehyde-green, &c., 
which are fixed by the same mordant. (For 
further information v, Koohlin, Wagner’s Jahr. 
im, 1139.) 


Salts, Auramine hydrochhriie Ci7Hjiisri 
HQ, is sparingly soluble m water, and has /i» 
90*4 at 26® ; the palmitaie Oi7Ha|N3,Ci,H3j02, 
has m.p. 67®, the stearate has m.p. 68® (Gnehm, 
Roteli Zeit. Angew. Chem. 1898, 487); the methyl 
sulphate obtained by the action of dimethyl 
sulphate on auramine, has m.p. 225® (ZohJon, J. 
pr. Chcin. 1902, 6G, [20] 387). 

Substituted Auramines. In addition to 
auramine, substituted auramines have also been 
prepared. Auramine G, obtained by treating a 
hot mixture of sywi-dimethyldiamino-di-o-tolyl- 
methano (from methyl o-toiuidine and formal- 
dehyde) sulphur, ammonium chloride and salt 
with dry ammonia gas (Gnchra and Wright, U.S. 
I'at. 488430), has m.p. 120®, the picrate has m.p. 
2.34®, the sulphate m.p. 182®, the oxalate m.p. 
210®. Leucauramine 0 has m.p. 208®. 

Metaxylylauramine can be obtained by heat- 
ing an intimate mixture of 10 kilos, of tetra- 
mothyldiammobcuzo])lionon0 and 23 kilos, of 
motaxyhdine hydrGchlonde for about 4 hours 
at 200® in an enamelled vessel provided with a* 
mechanical stirrer. Fusion takes place slowly, 
and the mass becomes reddish yellow in colour, 
assuming finally a greenish metallic lustre towards 
the close of the reuction, which i.s complete when 
a teat epecimon is almost entirely soluble in 
water. The cooled mass is extracted with hot 
wa<ter, and the djw precipitated in orange-yellow 
flocks by addition of sodium nitrate to the 
filtered solution. 

Methylauramine MoN : C(CeH4'NMe,)2, m.p. 
133® (Zohlon, J. pr. Chom. 1902, 66, 387), the 
hydrochloride C19H24N3CI, has m.p. 225®, the pla- 
tinichloride (Ci8H24N3C])2PtC]e, m.p. 190®-200®, 
the hydrobromide CigH^iNaBr, m.p. 260®, the 
hydriodide C|8H24N3i, m.p. 259®, forms a series 
of unstable polyiodidos : the trichromate 
(^1 Jl24N3):Cr30j3, m.p. 70®, the thiocyanate 
CiglljiNjCNS, m.p. 213®-214°, and the picrate 
Ci 8H23N3,C4H307N3, m.p. 225®. 

Ethylauramine EtN : C(C3H4-NMe3)a, from 
auramine ethyl iodide and zinc oxide (D. R. P. 
136010), m.p. 130®-131®, dyes mordanted cotton 
a pure yellow. 


Phenylauramlne PhN : C(CBH4-NMe3)j, pre- 
pared by heating tetramethyldiaminodiphenyl- 
raethane with aniline and sulphur at 200® (Feer, 


D. R. P. 53614) ; or by heating dimethylamino- 


benzanilido with dimothylaniliue and phosphorus 
oxychloride (D. R. P. 44077); has m.p. 172®; 
the hydriodide C23H2.N3,HI, has m.p. 242® ; the 
methiodide Cj,H„N3,MeI, has m.p. 214®. 

Paraminophenylauramine NH, • C3H4N : 
C{C4H4-NM0 j )2 (Finokh and Sohwimmor, J. pr. 
Chom. 1894, 60, 401), has m.p. 221®-222® ; the 
hydrochloride, m.p. 224® ; the picrate, m.p. 185®- 
186® (oorr.); the aiaxetyl derivative has m.p. 194®-- 
195®; the triacetyl aorivative has m.p. 257®- 
258® ; mondhenzoyl derivative has m.p. 117®; ana 
the derivative has m.p. 180®-181®; 

paraphenylenediauramine C8H4[N ; CfCaH,* 
NMealj]^, has m.p. 311®-312®. 


Orthaminophenylauramine, m.p. 199®-200®, 
forms a picrate, m.p. 220®-221®, and a benzoyl 
derivative, m.p. 236®-237®; orthophenyUne- 
diauramine has m.p. 306®. 


p-Tolylauramlne, obtained by heating te* 

tramethyldiaminodiphenylmethane with p- 
toluidino and sulphur (D. R. P. 63614), or from 
dimethylaminobeuzo - p - toluidine, dimethyl- 
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aniline, and phosphorus oxychloride (D. R, P. 
44077), has m.p. 178®. o-TolylauraiUlne similarly 
prepared to the p- compound has m.p. 173*-174*, 

a - naphthylauramlne (Me2N CaH4)aC : NCioH, 
(D. R. P. 44077), has m.p. 225®. ^S-naphthyl- 
auramlne (MeaN-C,HJ,C : N-CjoH, (D. R. F. 
44077), m.p. 179® - 180®. Benzylauramine 
(D. R. P. 136616) 
from auramino benzylchloride and magnesia, 
has m.p. 116®. Benzoylauramlne (Finckh and 
Sohwimmer, J. pr. Chem. 1894, 50, 401) NBz : 
C(C.H 4 ‘NMej,)jj, has m.p. 179® (corr.). 

Melhylphenylauramine hydrochloride, dc- 
pkenylauramine, and peniamcthyleneauramine 
have been described by Stock (Bor. 1900, 33, 318 ; 
J. pr. Chem. 47, 401-413). The following com- 
pounds, closely related to the naphthylaurannnes, 
form the subject of a patent (1). 11. P. 44077) : 
tetraethyldiaminodiphenijhnethyhne - a - naphthyl- 
amine (EtjN-CaHj ,0 : N-CioH,, m.p. 157®- 
158® ; diniethyldiethyldiamifli^iphenylmcthylene- 
‘ a-naphthylamine (Me^.N-C’cH,) (Et 2 N'CoFl 4 )C : N* 
CjqH,, m.p. 177®-178° ; Ictraethyldiaminodi- 
phenylmethylene-$-naphthylamine {Ei 2 ^ 

K'CioHy, m.p. 156° ; dimethyldieihyldiaminodi- 
phenylmeihylene-^-iiaphthylatnine (Me jN-CjH.) 
(EtjjN-CeH^lC: N-OioHr, m.p. 163®-164®. 

The substituted aurammos dye silk and 
wool, and also cotton ai ter* mordanting v*ith 
tannin. The shades produced on cotton are, 
however, distinctly reddish or browni.sli-yellow 
compared with the pure yellow produced by 
auramino itself ; for example, the auramines 
from orthotolii'idino, metaxylidine and cumi- 
dino hydrochlorides dye cotton golden -yellow ; 
th(-&e from aniline and paratoluidirie dye orange- 
red, that from metaphonvlonediamiiie dyes 
orange-brown, and those from a- and /3-naphthyl- 
araino dye brovrnish -yellow shades (B. A. S. F., 
D. R. P. 290G0 ; Fehrtnann, Ber. 20, 2852). 

AURANTIA {Kaisergelb) is the commercial 
name of the ammonium salt of hexanitro- 
diphenylamino. 

Hexanitrodiphevylarnine NH[CeTT 2 (N 02 ) 3].2 is 
obtained by treat mg diphenylamine or methyldi- ' 
phenylamine with nitno acid, and, after the first 
vigorous action has subsided, heating to com- 
plete the reaction. The product is then ex- 
traotea with water to remove any resin or picric 
acid associated with it, and finally crystallised 
from acetic acid. 

It forms bright-yellow prisms, melts at 238® 
with decomposition, but can be sublimed in 
yellow needles by careful heating, and is almost 
insoluble in water, rooro soluble in alcohol, and 
easily soluble in ether. It readily yields salts, 
^and the ammonium salt (aurantia) crystallises 
*in lustrous brown-red needles, although coift- 
mercially it is obtained as a brick-rod powder 
which dissolves in water and dyes silk and wool 
a beautiful orange colour (Gnehm, Ber. 7, 1399 ; 
9, 1246 ; c/. Townsend, Ber. 7, 1249 ; Mertens, 
Ber. 11, 846). Aurantia is used fthiefly as a dye 
for leather (W. J. 1877, 1002). Like hexanitro- 
diphenylamine, it is very explosive, but any 
danger may be avoided by moistening it with 
glycerol (W, J. 1876, 996). According to 
Gnehm (Ber. 9, 1246, 1557) and Bayer & Co. 
(W. tf. 1877, 879), aurantia produces skin 
ccraptions ; Majftius, however, contends that 
this effect is due to idiosyncrasy, and quotes the 
O|»mona of Salkowski and Ziureck in aupimrt 
‘ I.— 4r 


of his statement (Ben 9, 1247), and the question 
appears to have received a solution in this sense 
in Germany, since the ministerial order of 
November 8, 1877, prohibiting its manufacture, 
was cancelled in June, 1880. 

AURIN and ROSOLIC ACID v, Triphenyl- 
.aietiianb coloukino matters. 

AUROCANTAN. Cantharidylothylenedia- 
mine aurocyanide. 

AUROCHIN. Quinine p-aminobenzoate, 

AURUM MUSIVUM or MOSAICUM. Mosaic 
fold. Made by trituratmg an amalgam of 2 
parts till and 1 of mercury with 1 part sal 
ammoniac and 1 of sulphur, and subsequently 
.subliming. Used as a bronzing powder for 
plaster figurc.s {v. Bronze powders). , 

AUSTENITE. A solid solution of carbon in 
iron, of variable composition ; is a constat^ 
constituent of steels containing Id p.c. of carbon 
or more w'heii cooled rapidly from a temperature 
of 1100° -1500°. It may be obtained pure 
by quenching a steel containing 0‘93 p.c. carbon 
and 1‘67 p.c. manganese from 1050® in ice- 
water (Maurer, Me'tallurgie, 1909, 6, 33). Steels 
contammg 13 p.c. of manganese or 25 p.c. of 
nickel contain only austenite, and are sort and 
tion-magnetic. 

Under the microscope austenite is recognised 
by its softness as compared with * martensite,^ 
with which it is usually associated; by its, 
^t^uctu^closs appearance and by the brightness 
of an etched, polished section (Le C4iatelier, 
Revue de Mctallurgie, ]fl()4). 

AUSTRALENE v. 'iVni’ENTiNs. 

AUSTRIAN CINNABAR. Basic lead chro* 
mate {v. Chromium). 

AUTAN. A mi.'cturo of solid (polymerised) 
formaldeliyde and the dioxidej of barium or 
strontium, used in the disinfection of living- 
rooms. On mixing the powder with water, a 
rapid disengagement of formaldehyde vapour, 
mixed with oxygen, occurs. 

AUTOCLAVE. An apparatus constructed on 
the principle of Papin’s digester, for heating 
liquids at temperatures abovf^ their boiling- 
points. Autoclaves are usually made of cast- 
iron or steel, occasionally of copper, and in some 
cases of sheet-iron or stool. Cast-iron auto- 
claves are sometimes 
strapped with steel rings 
tor greater security. 

'Phoy are often enamel- 
led or lined with sheet- 
tin, lead, copper, or zinc. 

Mctiillic linings are now 
soldered rigidly to the 
surface of the autoclave. 

'Chey are llSed with a 
pressure gauge and 
safety valve, and tubes 
for the insertion of ther- 
mometers, and are FiQ. L 

usually closed by a 

screw or flanged cover, working against a 
washer of load, aluminium or copper, and 
are boated cither by steam, direct fire* 
electrical heator.s, the circulation, of hot oU, 
or in a bath of molten lead. They a<re tested 

before use at (at least) twice their working 
pressure by means of a hydraulic test pump. 
Occasionally they ye provided with agitators 
working through stuffing boxes, in order to 

2 P 
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ensure thorough mixing of the contents when 
heated. 


Fig. 2. Fig. 3. 

Figs. 1, 2 and 3 illustrate the types of 
apparatus for pressures of 20 or 30 atmospheres, 
but when very high pressures are employed 
(100 atmos. or more) a tubular design, Fig. 4, 
is more satisfactory both in cost and ease of 
manipulation. Autoclaves working ati about 
10 atmos. are usually of rivetted steel plates, 
and follow ordinary steam boiler practice. 
Welding is not as reliable as rivctting, and must 
always be viewed with suspicion in this class of 
plant. It is obvious that the ordinary safe 
working stresses adopted by mechanical engineers 
are not suitable for designing autoclaves. 

Considerations relating to the effect of 
temperature and chemical action may arise, 
in tno case of cast metal autoclaves the greatest 
care in design, in selecting the material, and in 
casting to minimise internal stresses must be 
taken. When 'treating liquids, suitable pipes 
for admission and discharge may make it 
unnecessary to remove the cover under ordinary 
circumstanoes, but when solid substances are 
charged, the mechanical problem of repeatedly 
making a tight joint presents itself. Extension 
of the cover bolts under stress and heat must be 
considered to avoid leakage under the worst 
working conditions. 

The joint is usually made by means of a 
tongue in the cover pressing on a soft metal 
ring in a groove made in the llange of the body. 
A bf&ad surface is unsuitable and in the case of 
a copper ring, a bearing area not more than 
one-eighth inch wide is usually satisfactory at all 
pressures. Such a joint may be remade 
hundreds of times without failure. On account 
of its high elastic limit, nickel steel is the most 
emtable material for both bodies and bolts of 
high-pressure autoclaves, and bj^the use of 
suitable protective Icings can generally be 
adapted for any chemical process. 

When a loose container, as shown in Fig. 2, 
is employed, the space between the body and 
the container should be tilled with a liquid 
(parafi^ wax is generally most suitable) to 
improTe the rate of heat transference. 

J. W. H. 

AUTOLYSIS. A physiolodoal term signi- 
fying eeli-cleatruction, and used to indicate the 
destmAti^e changes (apart from putrefaction due 
to micro-organisms) which occur in cells after 
death or removal from the living body. 'Fhese 
changes arc due to the aefion of intra-cellular 


enzymes, and are analaeous to those which 
occur in digestion ; indeed the term auto-diges- 
tion is sometimes employed. The study of such 
changes is important be- 
cause it is believed that 
the change after death, 
when the cells are still 
‘ surviving ’ for a time, 
are identical with those 
which occur during life 
and result in the forma- 
tion of waste substances, 
the ])roduets of vital 
activity. During life, 
however, the destructive 
changes are counter- 
balanced by changes in 
the opposite direction by 
which the cells build 
themselves up from food 
materials to repair' their 
wear and tear. Assimi- 
lation of this kind is 
obviously impossible after 
death. 

AUTUNITE or CAL- 
CO - URANITE. A 

mineral consisting of 
hyrl rated pho8pl\fite of 
iira‘nium and calcium 
ra(LU)j)jP,Og'8HjO, 
which within recent years 
lias been somewhat ex- 
tensively mined as an ore 
of uranium and radium. 

It is a member of the 
isomorphous group of 
minerals known as the 
‘ uranium micas,’ which 
crystallise in square, 
tetragonal (or very nearly 
square, orthorhombic) 
jilates with a perfect 
micaceous and pearly 
cleavage parallel to their 
surface. In the ortho- 
rbombio autunite the 
colour is charact-eristically 
sulphur-yellow, or some- 
times with a greenish 
tinge, so that this mineral 
is readily distinguished 
from the emerald-green 
I torbernite or cupro-ura- 
I nite. Sp.gr. 3-1; 11.2-2^. 

Tt occurs as an altera- 
tion product of pitch- 
blende, and is often found 
as a scaly encrustation 
on the joint-planes of ^ 

weathered granite or gneiss. The more im- 
portant localities are St. Symphorien, ^near 
Autun in France (hence the name autunite) ; 
St. Just, Redruth, and Grampound Road in 
Cornwall; Johanngeorgepstadt and Falken- 
st-in in Saxony ; Black Hills in South Dakota ; 
Olary and Mount Painter in South Australia; 
and Sabugal, near Guarda in Portugal At 
the last-naihed locality several mines hQiVe 
recently been opened up ; the crude ore is here 
loached with sulphuric acid, and the extracts 
sent to Paris for further treatment, 
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AUXOCHROME v. Coloub and Chemical 
CoirfSTITUTION. 

AVA or Kava-kava. The root of Piper 
melhysticum (Forst, f.), growing in the islands 
of the Pacific. It is taken as an intoxicant by 
the natives, and is used as a drug on the (\)n- 
tinent. It is often adulterated with inatico 
and annatto (Pharm. J. [3] 7, 149). 

AVENTURINEorAVANTURINE. A variety 
of quartz found at Capa de Gata, Spain, spangled 
throughout with minute yellow scales of mica, 
18 known as aventurine quartz. An aventurine 
felspar or sqnstone is found at 'JVedestrand, 
Norway. It is used for ornaments. 

Artificial aventurine ^ or ejlasi^y or gold fux, 
was manufactured for a long period at the glass- 
works of Murano, near V enico. It may bo pre- 
pared by adding to 100 parts of a not too re- 
fractory glass, 8 to 10 parts of a mixture of equal 
parts of ferrous and cuprous oxides, and allowing 
the mixture to cool very slowly so as to facilitate 
the formation of crystals. 

Aventurine glaze for porcelain, invented by 
Wohler (Aniialcn, 70, 57), is jirepared by linely 
grinding 31 parts Halle kaolin, 43 quartz sand, 
14 gypstim, and 12 porcelain fragments ; making 
the whole into a paste with 300 ])arts water, and 
adding successively* 19 parts potassium dichro- 
inate, 47 lead acetabj, 100 fermus sulpbak*, and 
sufficient ammonia to jirecipitate the whole of 
the iron. After tjio soluble potash and am- 
monium salts have been washed out, the glazing 
is ready for use. 

AVIGNON GRAINS. The seeds of Rhamnus 
infeciorius, employed in dyeing for the produc- 
tion of yellow colours {v. Rhamnin, art. Xan- 
thoehamhin). 

AVOCADO PEAR or ALLIGATOR PEAR. 

The fruit of Versea gratissma, a tropical product. 
The fruit, which usually weighs from 4 to 6 
oz., consists of rind (about 8 p.c.), flesh (67 p c.), 
and a large ‘ stone ’ or ‘ pit ’ (about 25 p.c.). 
According to Piinscn-Geerlings (Chem. Zeit. 
1897, 21, 715), the (lesh contains : 

Glucose Fructuse Saccharose Total sugar 
0-40 0-46 0-86 172 

The flesh, whii-h has a nut-like flavour, is 
usually eaten with pepper and salt. An a.nalysi.s, 
made by Jamieson ((3iem. News, 1910, 102, 61), 
gave : 

Water Ether extract Protein Sugar Fibre Ash 
66-9 10-6 .V7 M 4-0 2*0 

* The ether extract was green, and contained 
about 4 p.c. of resins. After their removal, an 
oil, resen bling that ')f bergamot, was obtained, 
which had ati iodine value of 29*9, and saponi- 
fication value of 207. Forge (J. Biol. Chcra. 
1916, 24) found that the sugar present in the 
pulp of the ripe fruit could be extracted with 
water and crystallises from dilute alcohol in 
hexagonal prisms, m.p. 1 52°. It is non-ferment- 
able and not oxidised by bromine, and is probably 
mannoketoheptose. H. 1. 

AVOCADO PEAR, OIL OF. An oil obtained 
from the oleaginous fruit of the Persea graimima. 
Hofmann stated that for the purposes of the 
soapmaker this oil would be as Y&^uable as 
palin oil. 

KWAl or Tanvar. An Indian drug, the 
bark of Cassia anriculaia (Linn.) (Dymook, 
Fharm, J. 13] 7, 977). 


AWLA V . Amlaei. , 

AXIN.* A waxy secretion of a Mexican 
rhynchotrous insect Llaveia axinua which feeds 
on Spondias luiea, Xanthoxylum Clava-lerctdiSf 
and X. pentanome : has the consistence ok buttet, 
the smell of rancid fat, and a yellow colour. 
Melts at 38°, and is soluble in hot alcohol and 
ether. Rapidly absorbs oxygen from the air, 
becoming broum, hard and insoluble in 
alcohol and ether. Is reidily saponified, yield- 
ing axinic acid and glycerol. It resemlles 
Japan lao and forms an excellent Iflcquer for 
wood, metals, and pottery (Bocquillon, J. Pharm. 
Chim. 1910, 2, 4U6; J. Soc. Chem. Ind. 29, 
1320). 

AXINITE, A complex borosilicate of alu- 
minium, calcium, iron and manganese. Various 
formulae have been proposed : W. E. Ford 
(1903) gives ll" 7 U''''^B 2 (!Si 04 ) 8 , where R"=Ca, 
Fe, Mn, Mg, Hg, and R"'— Al, Fe. According to 
W. T. Hclialler (1909) the composition is ex- 
pressed as isomorjihous mixtures of ‘ ferro- 
axiiute ’ 4(V)-2Fel)-2Alg0,-Bg08-8Si0g-H,0, 

and ‘ manganaxinite ’ 4(kO'2MriO'2ArgO8‘p808. 
HSiOg-Hg(). The mineral contains 5-6 p.c. 
BgGj. (Vystals are triclinic with a chaActer- 
istic axo-sliaped habit, hence the name. The 
colour is usually clove- brown, but may be 
yellowish or greenish, 1)3 ‘03-3 *36, H6J -7. 
.\xinite occurs in crystalline schists and meta- 
morphic rocks at many localities. Fine crystals, 
suitable for cutting as gem-stones, are not un- 
common from Bourg d’Oisans, is6re, France, 
and large groups of crystals come from Japan. 
In the metamorphic rocks surrounding the 
granite mass of Bodmin, in Cornwall, massive 
axinite and axinite-rock are of abundant 
occurrence (G. Barrow, Minoralyg. Mag. 1908, 
XV. 113 ; Geology of Bodnuu and St. Austell, 
Mem. Geol. Survey, 1909). 

Tourmaline {g.v.), another complex boro- 
silicate containing rather more boron (BgOj 9-11 
p.c.), is also of common occurrence under the' 
same conditions in Cornwall. It is possible that 
these occurrences may be of us*? as a source of 
boron. L. J. S. 

AZADIRACHTA, Margnsa^ or Nlm. The 
bark of the nfm tree, Melia indica (Brandis) 
[M. Azadiracfitn], is commonly used in India as 
a tonic and febrifuge It coniains a bitter resin. 
An oil, used in medicine and for burning ia 
expressed from the seeds, which on saponifica- 
tion yielded 36 p.c. of fatly acid melting at 30°, 
and 65 p.c. melting at 44°. 

AZAFRANorAZAFRANILLO. The root of a 
{ilant obtained from PaiagU'W, belonging to the 
family of the Scrophulariacece, used to colour 
fats. Coniains about I p.e. of a dye {azofrin) 
easily extracted by boilihg benzene. Forma 
orange-red crusts of microscopic needles, 
m.p. 214°, Does not contain nitrogen or 
methoxy- or ethoxy- groups ; one hydroxyl 
group is shown by Zerewitinolf’s method. Dyes 
wool yellow, and forms yellow to orange lakes 
with Scheurer’s n.ordants ; wool extracts the 
whole of the dye from a hyposulphite vat. 
Gives a fine blue solution in concentrated sul- 
phurio acid, which becomes violet on*addittg 
alcohol (Liebermann, Ber. 1911, 44, 860). It is 
not identical with bixin, as conjectured by van 
Hasselt, in spite of the similarity in their re- 
actions. The acid reactions of azafrin afford a 
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good exampig of haloohromism. Methyl-azafrin, compound s of a different oonstitution, suck as 
obtained by the action of dimethyl-sulphate, the hydrazines. 

gives a series of salts parallel with those of the The name * quinoxaline * was given by 
parent substance (Liebermann and Schiller, Hinsberg to compounds which also correspond 
Ben 46, 1973). with the above definition. It was, therefore, con- 

AZFlAIC acid. Lepargylic acid. COjH* sidered for some time as synonymous with the 
{CIJ 5 j),-C 02 H. It is obtained by oxidising word ‘azine,’ which latter was, however, more 
Qiinose wax (Buckton, J. 1857, 303), cocoanut frequently used. In later years it has become 
oil (Wirz, Annalcn, 104, 261 ), or castor oil (Arppc, customary to distinguish between the two terms, 
Annalen, 124, 86) h'ith nitric acid ; by the and to use them for the two tautomeric forms 
oxidation of oleic acid with potassium pcrman- in which these bases occur (see Theory).' 
ganate and caustic potash (Ehmed, Chom. Soc. The name ‘ azonium bases * has been given 
Trans. 1898, 627), and by the oxidation of keratin by Witt to a class of organic bases, derived trom 
(horn shavings) with permanganate (Lissizin, the azinos by the linking of an organic radicle to 
Zoitsch. physiol. Chem. 1009, 226). It is formed one of the nitrogen atoms, whereby this atom 
together with other products when fats or olcic passes from the trivalent into the pentavalent 
acid become rancid (Soala, Chom. Zontr. 1898, state, a process which results in a very mark^ 
ir 439). It has been synthwisod from penta- change of the properties of the substance, 
methylene bromide and sodium acetoacetate Both the azinos and azonium bases posses# 
(Haworth and Perkin, Chem. Soc. Trans. 1894, the nature of powerful chromogens, the hetero- 
86 ), and has been obtained by decomposing the cyclic ring above mentioned being endowed with 
ozonide of oleio acid (Molinari and Soncini, strong clu-omophorio proj^rties. Being highly 
Bcr. 1906, 2735; Harries and 'J’hiome, ibid, basic and capable of assuming a quinonma struo- 
1906, 2844; Molinari and Fcnaroli, thid. 1908, ture (see Theory), they, and especially the 
2789).^ It is best prepared by oxidising with azonium bases, possess to some extent the 
potassium permanganate an alkaline solution nature of dyestuffs, which is, however, much 
of ricinoleic acid obtained by the hydtolysi.s of more strongly developed by the introduction of 
castor oil (Maquenne, Bull. Soc. chim. 1899, separate auxochroinio groups. A very large 
(iii.) 21, 106; Hazura and Grussner, Monatsh. number of poweifTul colouring matters of great 
9, 475). Azelaio acid crystallises in colourless intensity, variation, and purity of shade may 
phtes, m.p. 106*2® (Massol, Bull. Soc. chim. thus be obtained, some of which have acquired 
pi 19, 301), and is readily soluble in alcohol, considerable practical importance. According 
loss soluble in watei or ether. By heating to their constitution, which is in almost all cases 
a«elaio acid with soda lime, azelaone (cyclo- completely cleared up, they have been classified 
nofianojiclC.Hi^O, b.p. 205® (circa), is obtained into groups, which have leceived the name# 
(Miller and fschitschkin, Chem, Zentr. 1899, eurhodines, eurhodols, safranines, sa- 
il. 181); Harris and Tank (Ber, 1907, 4555) franols, aposafranines, indulines, and 
have shown that a complex mixture of cycle- fluorindines. 

ketones is obtained by distilling the calcium The investigation of the azines and their 
salt of azelaio acid. Azelaic anhydride is derivatives, which was accomplished by a num- 
obtained by heating azelaic acid with 7-8 pts. ber of chemists during the last 20 years of 
of acetyl chloride. It melts at 6C®-57® (Etaix, nineteenth century, has been of considerable 
Ann. Chim. Phys. [7] 9, 399). importance in the devolopraont of our present 

AZELAt)NE V. Azelaio acid, views on the constitution of colouring matters, 

AZIDIEB BLACK, -BLUE, -BORDEAUX, •-nd especially in the adoption of the modem 
-BROWN, -FAST RED, -FAST SCARLET, 1 »inonoid structural formulas for the great 
-GREEN, -ORANGE, -PURPURINE, -YELLOW, majority of them. 

-VIOLET, -WOOL BLUE v. Azo- colouring History.— Tlat two simplest and most 

VATTXBS. typical members of the azine group, diphenazine 

'AZIHINOBENZENE v. Diazo compounds, and dinaphtazino, have been known for many 
AZIMINONAPHTHALENES t;. Diazo com- years as azophonylene ’ (Claus and Rasenaok, 
POUNDS. 1873; Annalen, 168, 1) and ‘naphttuBU* 

AZINES (Quinoxallnes). Azonium bases, (Laurent, 1835 ; Ann. Chim. Phys. 69, 384), , 
and colouring matters derived from them. out their constitution was not properly under- 

Definition. — The term ‘azines’ has been stood and their importance not recognised, 
given to a group of organio bases, which contain Merz (1886, Ber. 19, 725) finally proved the 
m their molecule as an intrinsic part of thoir constitution of the former, which had been in- 
constitution a hetero^clic hexagonal ring, built Bufficiently substantiated by Claus, and po- 
up of four carbon and two nitrogen atoms, for it the name diphenazine ; Witt ( 1886 , 

arr^ed in such a maimer that the nitrogen 19, 2791) determined the true nature of 

atoms stand in para-position to each oilier, ‘naphtaso.’ In 1884 Hinsberg (Ber. 17, 319) 
whilst the four carbon atoms are disposed in described a general method for preparing his 
two pairs between them, thus ; quinoxalines, which proved most fitful in the 

further flevelopment of the subject. Other 
general methods were discovered by Witt, Merz, 
Japp, Ullmann, and otheri. 

The first eurhodines were prepared by Witt 
in 1879 and 1886. He recognised that they 
formed a new class of dyestuffs, ahd alM> 
The term * azine,* first proposed by Merz, is that they were related to the safranim He 
ha|>IHly chosen, and is> even misleading, as determined their constitution in 1886 (Ber. 16, 
It into the names of other nitrogen 441) by showing that they are the amino- 4erivi>**=^ 
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tivea of the azines or quinoxalinoa. At the 
eaiM time he discovered the first eurhodol. The 
aatural consequence of this discovery was the 
clearing up pi the nature of the safranines, 
which were recognised in the same year simul- 
taneously and independently by Witt, Nietzki, 
and Bemthsen as diamino- derivatives of the 
(then hypothetical) azonium bases. The first 
representative of this new class of bases was 
prepared in 1887 by Witt (Ber. 20, 1183). 

The subject was now taken up and rapidly 
advanced by many chemists, amongst whom 
Nietzki and his collaborators, Kehrinann, 
UUmann, and their collaborators, may be cited. 
Otto Fischer and Hepp also did a considerable 
amoimt of work in this domain, and especially 
in the investigation of the indulines and apo- 
sa&anines. 

The typical indulines and safranines have 
been discovered by purely empirical methods 
in the early days of the colour industry. The 
simplest representative of * the group, pheno- 
aajranine^ was prepared by Witt in 1877. Its 
phenylatcd derivative is maMwlnc, the first arti- 
ficial dyestud prepared by W. 11. Perkm m 1850. 

Theory . — ll has been already stated that 
the essential part of the molecule of an azino is 
the heterocyclic ring consisting of two atoms 
of nitrogen and four of carbon. Each of these 
six atoms has three valenci^k engaged in the 
formation of the ring ; the nitrogen atoms have, 
therefore, no free -valencies left (so long as they 
remain in the tnvalent condition), whilst each 
of the carbon atoms has one valency free to be 
saturated by hydrogen or another monovalent 
element or radicle. The simplest possible com- 
pound of the kind would thus have the formula 
C 4 N 2 H 4 . It seems 'natural to suppose that it 
would be the prototype of all the azines. 

Such a compound exists and is well known. 
It has received the name pyrazine. Many 
derivatives of it, formed by the substitution of its 
hydrogen atoms by monovalent organic radicles 
are also known ; they form the large and well- 
investigated clas.s of the ketine or aldme bases. 
But neither pyrazine itself (which in its properties 
resembles pyridine, to which it stands in the 
same relation as pyridine stands to benzene) nor 
the ketines show any resemblance to the typical 
azines. They exhibit no colourations, nor do 
they form any derivatives which have the nature 
of dyestuffs. For this reason pyrazine and the 
ketines are no longer considered os belonging to 
^ the azine group. 


The azines are members of the aromatic 
series. If we oonsid^ them as sucliv we rccogtiise 
at once a strong analogy to other substances 
which contain heterocyclic rings Imked to 
aromatic radicles, such as : 

0 • 

cco 

!> 

Anthraqulnone. 

/\/^\/\ 


\/\ 





1 

H 

Oxazine. 

all of which are chromogens, like the azines. 

If we consider the manner in which the six 
atomicities of the two nitrogen atoms contained 
in the meso- ring of an azine may be disposed, wo 
recognise two possibilities which are repre- 
sented in the following structural formule of 
djphenazine ; — 

Lil' 

L 


-/o/ 


\\C>\ 

n. 

Formula I. is the one first proposed by Claus 
for his ‘ azophenyione,* and by Merz for his 
azines; II., the one suggested Hinsbergfor bis 
quinoxalinos. Practic^y, there is no difference 
between azines and quinoxalinos; they form 
one group ; but it has been for a long time 
a matter of opinion which of the above 
formules was more adapted to the properties of 
these substances. Formula I. eipains by its 
perfect symmetry the extreme stability of the 
azines, the fact that they may all be distilled 
without the slightest decomposition at extremely 


The oharacteristic properties of the azines temperatures. Formula II., on the other 
only appear m compounds in which at least , distinctly (ortho-) quinonoid, and con- 


one other ring system is linked to the pyrazine 
ring, in such manner that one of the Cf-groups | 
of the latter becomes part of an aromatic 
radicle. The process may be repeated. Thus 
the simplest representatives of the azine group 
would be compounds of the foUowng type : — 

Phenazine. Diphcnazlne. 

The nomenclature of the true azTnes has been 
chosen accordingly. The aromatia radicle or 
tadiolas linked to the central (or * meso -’) ring 
are prefixed to the syllables -azine. 


sequently suggestive of chromogenio proper- 
ties. 

The existing difference of opinion as to the 
corustitution of the azines has been finally dis- 
posed of by the admission that the azines are 
undoubtedly tautomeric, capable of assuming 
either of the constitutions, 1. and II., accord- 
ing to circumstances. In their free state, in 
which they are volatile and almost colourless, 
they possess the eymmetrioal (azine-) constitu- 
tion I., whereas in their intensely coloured salts 
they have more probably the asyoMnetiioal, 
quinonoid (quinoxaline-) constitution IL In Uie 
colouring matters derived from the azines, the 
case is freauently complicated by the fact that 
I the auxochromio groups participate in the 
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formation of the quinonoid constitution, which, 
by that moans, may become as well as 
oriho-qwmoid. Sometimes^ it is diflSoult to 
decide between the existing possibilities. 

Synthetical methods for the production of 
azines, g,nd their derivatives and description of 
some typical representatives of the group. 

1. Azines. (a) Synthetical m^hods. (These 
will bo referred to in tho description of typ«cai 
representatives by their number.) 

1. By hcatmg a-nitroiiaphthalene with 
powdered quicklime, Laurent (Ann. Chim. Phys. 
69, 384)‘ ‘obtained • dinaphthazine, which ho 
called naphthase. Doer (Ber. 3, 291) and 
Klobukowski {Ber. 10, 673) modified tho method 
by replacing the quicklime by zinc-dust. Schi- 
chuzicy (J. R. 6, 21 04) used lead oxide. 

Wohl and Aue (Ber. 34, 2443) observed (1901) 
t^at nitrobenzene gives considerable quantities 
of diphenazine on being heated with strong 
caustic soda, a reaction winch is practically 
identical with the one discovered by Jjaurent. 

2. Claus and Rasenack (Annalen, 108, 1) 
obtained ‘ azophenylene ’ (diphenazine) by the 
dry distillation of orthoazobonzoic acid in the 
shape ^of its calcium or potassium salt. Claus 
proposed tho azine formula for his product, but 
failed to afford convincing proofs for it. 

3. A general method of great applicability 
was indicated by Hinsberg (Ber. 17, 319; 18, 
1228), who showed that whenever an alpha- oi 
or^Ao-diketono reacts on an aromatic ortho- 
diamine, two molecules of water are given off 
and an azine is formed. The method was first 
applied to the production of phenazine ; 


=2H20+ 



C«0 

C=o''’ H,N— i 

Olyoxal. o-Phenylcncdiamine. Phenazine 

(quiuoxaliue). 

It works in most cases so well, that it has been 
recommended by its author (Annalen, 273, 343, 
371) as the best method of identifying either an 
orthodiamino or an orthodiketono. Very small 
quantities of the ingredients are necessary, and 
the azine formed is easily recognised by its 
melting-point and sulphurio acid reaction, 
Hirfeberg’s reaction ina^y be extended to 
nitroso-i3*naphthol, which is in reality the 
oxime of ortho-naphthaquinone. Ullmann and 
Heisler obtained (Ber. 42, 4263) naphthaphon- 
azine by heating ortho-phenylenediamme hydro- 
chloride with nitroso-j3-naphthol ; 


I loss general application. It consists in the 
action of orthodihydroxyl- derivatives upon 
orthodiamines; the hydro- derivatives of the 
azmes are formed, and these are oxidised by 
the oxygen of the air into the azinos ; 

Pyrocatechol. Orthophenylene diamine. 

Diphenazine. 

6. Early investigators had studied the re- 
action of ammoii-a under pressure upon benzoin 
(Erdmann. Annalen, 135, 181) and phenanthra- 
quinone (Sornmaruga, Monatsh. I, 146). Japp 
and Burton showed that tho free ammonia 
may bo advantageously replaced by ammonium 
acetate, and proved that the ‘ ditolane azotide ’ 
and ‘ phenanthrene azotide’ obtained were 
tetraphcnyJketiue and diphenanthrazine. They 
generalised tho method and applied it to fi- 
naphthaqiiinone, from which they obtained 
j clinaphthazme (Chom. Soc. Trans. 1887, 98). 

6. Another mode of formation of the azines 
consists in tho joint oxidation of a phenol, in 
which the para- fiosition is no longer open to 
substitution, and aromatic orthodiamines. This 
method was discovered by Witt (Ber. 19, 917), 
w ho used it for the production of a new isomonde 
I of tolurmphthazine by oxidising a mixture of 
S-naphthol and ortho tolylene diamine : 


j-OET 


NTI, 

I 


I 


CE, 

Orthotolylene dlanina. 


+ 20 


\/\/\ 

I /N 

K/ I +3HiO. 



►NOH 


11, N’ 


/\/ + 

Nltroso-^-naphthol. Orthophenylene diamine. 


CH3 

Tolimaplithazlne. 

7. An elegant modification of the above 
method was devised in 1905 by Ullmann and ' 
Ankersmit (l^r. 38, 1811), who heated fi- 
naphthol with orthoaminoazotolueno* Tho 
latter takes up the hydrogen liberated in the 
reaction, yieldmg at the same time the neoessa^ 
ortnodiamine. 



+ HaO + NHjOH-HCL 
1 j Hydroxylainine 

hydrochloride. 

Naphthaphenazine. 

4. The method of Merz* (Ber. 19, 725) is of 


00- 


C7H, 
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IB-Naphthul, 


it 


Orthoaminoaxotuluenei 
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8. A very peculiar mode of formation of 
hese substances was discovered by Witt (Ber. 
!0, 571), who showed that the orthoazo- deri va- 
lves of secondary amines, and more especially 
>f such amines containing the /3-naphthyl- group, 
ire decomposed by being heated with acids into 
he corresponding azine and amino- compound, 
^hus : 



Bcnzano-azo-phenyl- Naphthaphenazlne. 

^-naphthylamiac. • 


The reaction is simple and easy, and gives, 
hs a rule, exccll:nt yields. It is in reality a 
Bondensation of the secondary amine into the 
Borresponding azine by the dehydrogenating 
influence of the azo- group temporarily intro- 
duced for the purpose. 

(6) Generic characters of the azine group. All 
azinos have certain peculiar properties in com- 
mon. As a rule, they are solid, well -crystallised 
compounds of white, pale yellow, or even orange 
colour, possessing a high melting-point, and 
boiling under atmospheric pressure at very high 
temperatures (in some cases approaching red 
heat) practically without decomposition. They 
sublime at temperatures below their boiling- 
point, and their vapours condense into volu- 
minous aggregates of crystals. 

All the azines are bases which form salts 
with acids. The mono-acid salts, with the 
stronger mineral acids, may generally be obtained 
in a crystallised condition ; but they arc stable 
only in the presence of an excess of acid or in 
the absence of water, v'hich easily decomposes 
them into their constituents. These salts are 
intensely coloured, a fact which justifies the 
inference that they contain the base in the 
quinonoid (quinoxaline) form. The hydrolytic | 
action of the water is therefore accompanied by 
the tautomerio change into the symmetrical 
(azine) form. These salts, some of which have 
been analysed, invariably contain one equivalent 
of acid for one molecule of the base. The di-aci<l 
•alts cannot be isolated, but evidence of their 
existence is given by the intense red, violet, or 
blue colourations exhibited by the solutions of 
azines in a great excess of strong acid, preferably 
sulphuric acid. If water be added to these 
rsolutions, a change takes place; the di-acid 
salt is decomposed, the yellow or orange mono- 
acid salt is formed, and, on further addition of 
a large excess of water, the free azine itself 
aej^Mxates out in flakqi. These strikii^ colour 


reactions are highly charaioteristio, and form the 
best means of identifying the azines. 

Notwithstanding these intense colourations, 
the azines are not applicable as dvestuflfs. They 
are only to be considered as enromogens and 
suitable to produce colouring matteiS by the 
introduction of auxochromio groups into their 
molecules. They are thus strictly analogous 
to the other hoterocyclio ohromogens such os 
anthraquinone, acridine, oxazine, and thiazine. 

There is, however, one group of azines to 
which all the rules and general characteristics 
given above cannot very well be applied. These 
are the * Indanthrones,’ certain azines of the 
anthracene group, which, owing to their large 
molecule and very complicated constitution, 
possess properties quite different from all the 
other azines. They are intensely coloured and 
extremely valuable as dyestuffs if applied to tliO 
textile fibre by the ‘ vat process * tike indigo. 
This peculiar mode of application brings them 
into close relationship with indigo, and they will 
therefore be treated in this work under Indjoo 

AND INDIOOID DYESTUFFS (q.V.). 

(c) Description of some typical represerUativet 
of the azine group, 

Diphenazlno ~ % 


C.oHgNo 


/'\/,\/\ 


(Claus, Annalcn, 168, 1 ; Bemthsen, Ber. 10, 
3256 ; Ris, Ber. 19, 2206 ; Wohl, Ber. 34, 2443) 
has boon obtained by the methods 1, 2, and 4. 
It forms pale-yellow needles, of the m.p. 170*- 
171®, soluble in alcohol and most other solvents. 
It distils without decomposition. It dissolves 
in strong acids, forming unstable salts of yellow 
and rod colour. 

Toluphenazine 

/\/N\ 



has been prepared by Merz (Ber. 19, 725) by the 
action of pyrooatechol on orthotolylenediamine 
(method 4). It is very similar to diphenazine. 
Its m.p. is 117®, its b.p. 360*. 

Naphthaphenazine 


Ci.HjqN, 



has been prepared by Witt (Ber. 20, B71). Thi 
best moo'e of obtaining it is by the decomposi- 
tion, by acid, of the azo- compounds derived from 
phenyl-/3-naphthylamine, but it has also been 
prepared by the action of /3-naphthaquinone on 
orthophenylenediaraine and by simultaneous 
oxidation of the latter and /3-naphthoI. It forms 
voBow needles, melting at 142 ‘5®, distilling at a 
nigh temperature without deoompoi^ion, and 
dissolving in sulphuric acid with a red^h-brown 
colouration. On dilution, two sulphates crystal- 
lise from this solution. It is supposed that the 
formation of two series of monaoid salts d this 
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base is duo to either of the two nitrogen atoms be- 
coming pontavalent and saturated with the acid. 

Twunaphthazines C, 7 HijN,. Three sub- 
fitanoes of this formula are known, the isomerism 
of which has been discussed by Witt (Ber. 20, 
577 ). 0 /ie of those, melting at 179-8® has been 
prepared by the simultaneous oxidation (Ber. 
19, 917) of orthotolylenediamine and ^-naph- 
thol (methods 6 and 7). Its constitution is 
expressed by the formula 


A55INB!S 

The two other possible isomerides i 



It dissolves in sulphuric acid with a violet colour- 
ation. The other is {onued by the decomposition 
by acids of the azo- derivatives of paratolyl- 
d-naphthylamine (Ber. 20, 577) (method 8 ). 
Its oonsjfcitution is represented by the formula 
CH3 



«A/ 


z^/' 

I 


Its melting-point is 109®; its sulphuric acid 
reaction is similar to that of naphtliaphenazino. 
The third tolunaphthazine, discovered by 
llinsberg (Annalen, 237, 343a, 371) (method 3), 
has been proved to consist of a molecular com- 
bination of the two preceding ones ; its melting- 
point is 139®-! 42®. 

Several other tolunaphthazines are theore- 
tically possible. They have not, however, 
hitherto been prepared. 

Dinaphthazines It has already 

been stated that Laurent’s mysterious * naph- 
thase,* prepared by method 1 , finally proved to 
be dinaphthazine. It is probable that Laurent’s 
product was a molecular combination of two of 
the four isomeric dinaphthazines foreseen by 
theory. *A similar mixture may bo obtained 
by reacting with ajS-naphthylenediainine upon 
fl-naphthaquiuono (method 2). This method 
was used by Witt in his identification of 
Laurent's ‘ naphthase ’ (Ber. 19, 2791). For 
preparing the constituents of this mixture in a 
pure state the sjmthetical method 8 should be 
resorted to; it consists in the decomposition of 
the aio- derivatives of the two isomerio (o, jS, and 
/SAl-dinaphthylamines (Matthes, Ber. 23, 1329 
and 1333). The compounds thus obtained 
have the following constitutions and melting- 
points 


may be obtained from A 3 -naphthylenefliamine 
by the reaction of the two orthonaphthaquinones 
(method 2 ), but, so far, only the asymmetric il 
one has been prepared by Otto Fischer anti 
Albert (Ber. 29, 2087). 

Azines of the Phenanthrene group. Owinc 
to tho extreme facility and precision with which 
phenanthraquinone acts upon all orthodiamines, 
those azines are most easily prepared, and 
phenanthraquinone is commonly used for 
deciding the question whether any given 
aromatic diamine is an ortho- compound. A 
large number of azines has thus become known, 
of which only a few may bo described as ty^doal 
representatives of the group. 

Phenanthrapheiiazine CjoHijNa (isomeric 
with dinaphthazine) may be obtained by acting 
on orthophenylenediamine with either phen- 
anthraquinone in an acetic acid solution (Hins- 
berg, Annalen, 237, 340), or with phenanthra- 
quinone sodium bisulphite in an aqueous solu- 
tion (method 2 ). It crystallises in pale-yellow 
needles, melting at 217®, and dissolves in sul- 


phuric acid with 
Its constitution is 


a beautiful red colouration. 




A. 


s/ 

m.p. 28S‘'-284°. 


o. Dl.p. 242“-248“. 


A similar substance may bo obtained from 
orthotolvlenediamine. It molts at 212®-213®. 

Phenanthranaphthazine is easily 

obtained (Lawson, Ber. 18, 2426) from ortho- 
iiaphthylcncdiamine and phenanthraquinone 
(method 2). It gives a violet colouration with 
sulphuric acid. M.p. 273®. The sulphonio ' 
acid derivatives of this substance, 

SO 3 H, are obtained (Witt, Ber, 19, 1719) 
21, 3486 seq.) by acting with an aqueous 
solution of phenanthraquinone sodium bisul- 
phite upon the solutions of the various naphthyl- 
enediamine sulphonio acids in sodium acetate 
solution, acidulated with acetic acid. These 
sodium salts are soluble in pure water; very 
! small quantities of alkaline salts are suffloient 
I to precipitate them from these solutions. 

Chrysotoluazine CgjHiaNa and Chrysonaplitli- ' 
azlne CggHjeNj have been prepared by Lieber- - 
mann and Witt (Ber. 20,. 2442) from objcyso-^ 
quinone and the corresponding orthodiammes^ 
I (method 2 ). *The same authors obtained azine 
derivatives from the quinone of picene. 

I Tolustllbazlne CgjH,,Na was discovered by 
' Hinsberg, who described it under the BomeWiiaV 
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oislcading ‘Dipheliyltoluquinoxaline.’ 

Annalen, 237, 339). It ia typical of the many 
.zines which may be obtained by the action of 
lenzU upon aromatic orthodiamines. 

It separates in silvery leaflets from an 
Jooholio solution of benzil mixed with a solution 
»f orthotolylenediamine (method 2). It melts 
it 111®, and dissolves with a crimson shade in 
lulphurio acid. Its constitution is expressed by 
he formula 



2. Another method of much greater applka- 
bility consists in reacting with a*diketones upon 
aromatic* triamines, which contain two amino- 
groups in the ortho- position. Two molecules 
of water are eliminated for every molecule of 
eurhodine formed. Thus, for instance^ a eurho- 
dine was obtained from triaminobonzene and 
phenanthraquinoue (Witt, Ber. 19, 446) : 


The corresponding derivative of orthonaph- 
thyloiiediamine v/aa prepared by Lawson (Ber. 
18, 242fl). 

Toluindazine Cigll^jNa, the azine derivative 
of isatinc, has been prepared by Hinsberg 
(Annalen, 237, 344) from orthotolylenediamine 
and isatin, by melting together the ingredients 
(method 2) and crystallising the product obtained 
from a mixture of alcohol and acetic acid. It 
forms yellow needles, melting at 290®, and dis- 
solving in acids with a browrysh-rod colouration. 
Its constitution is expressed by the formula* 

H 


CH; 





A largo number of other less important azines 
have been prepared in experiments made with a ^ 
view to showing that certain compounds | 
obtained by the authors were cither orthodike- : 
tones or orthodiamines. [ 

II. Colouring matters derived from azines j 
(eurhodines and eurhodols). | 

It has already been said that by the intro- ; 
duction of an auxocliromio group, NHj or OH, 
into the molecule of an azine, the latter is trans- 
formed into a colouring matter. The amino- 
dorivatives of azmes containing either one or 
several amino- groups, are embraced by the 
generic name of eurhodines, whilst the name of 
eurhodols has been given to the phenolic (OH) 
derivatives of the azines. The following is an 
enumeration of the various methods by which 
eurhodines and eurhodols have been obtained : — 

A. ErRHODINES. 

1. By heating together any rrt'iamino-azo- 
compound and the hydrochloride of certain 
aromatic monoamines, such as, for instance, 
a-naphthylamine or a-aminoquinoline, preferably 
in a phenol solution, raonoamino azines (the 
eurhodines proper) are obtained. It was by this 
process that the ^st eurhodine was discovered 
by Witt in 1883 (Ber. 18, 1119; 19, 441) by 
heating orthaminoazotoluene with naphthyl- 
amine hydrochloride. In this reaction an ortho- 
•diamine is formed by the reduction of the amino- 
, azo compound, whiro combines with a-naphthyl- 
-amine, hydrogen being eliminated And absorbed 
hy the amino-azo- compound still present. 

C,HioN, + 6H + 

'Orthotobrlene- o-Saphthyl- Typical 
diamine. amine. eurhodine. 


+ 2H,0. 


3. Another method of considerable applica- 
bility consists in heating together nitroso-amities 
(Witt, Ber. 21, 719) or qiiinonodichlorimides 
(Niotzki a. Otto, Ber. 21, 1698) with aromatic 
amines in which the para- position to the amino- 
group is occupied by some radicle. Thus, for 
instance, a eurhodine is formed W heating 
together nitrosodimethylaniline hydrochloride 
and A-naphthjdamino, in an acetic acid solution : 

Ha 

N(CH,), 


NO 

Nltrosodlnirthylanillne 

hydrochloride. 

Ha 


•"*XX) 

^-Kaphthylamine. 



Ha 

(0H,),N 


+ SHjO + 


NHj 

Paraphenylenedlme- 
thyldlamine mono- 
Dlmethylamlnonaphthaphen- hydrochloride, 
azine hydroclilorlde. 

and an analogous, though somewhat diflfe^t 
reaction takes place if the nitrosodimethylaniline 
be substituted by dichloroquinonimide. 

Cl 


"“XO 


Cl 

Dicbloroauinonlmlde. 
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Aminonaphthaplienazine. 


4. Eurhodincs proper may also be obtained 
b^ the reduction (with ammonium sulphide) of 
nitro-azineirf. Thus, for instance, nitropheno- 
phenanthrazine may be reduced into the eurho- 
dine aminophonophonanthrazine (Heim, Ber. 21, 
2306). 

6. Jf certain azo- colours, such as chrysoldine, 
be heated with /3>naphthol, an eurhodine is 
formed : (Ullmann and Ankersmit, Ber. 38, 1812) ; 



I 


NH, 

Ohrysuidlne. 



I pared by the oxidation of orthodiamines And of 
polvaitiincs containing two amino- groups in the 
ortho- position. Thus 0. Fischer and E. Hepp 
proved (Ber. 22, 366) that the red substance 
which is formed by the oxidation of orthophenyl - 
enodiamine and which has been observed by 
many investigators (Griess, Ber. 6, 202 ; Sal- 
kowski, Annalen, 173, 68 ; Rudolph, Ber. 12, 
2211 ; Wiesinger, Annalen, 224, 363), is nothing 
else than diaminophcnazine. And Nietzki and 
Muller obtained (Ber. 22, 447) by oxidising 
totra-aminobenzene with a current of air tetra- 
aminophenazino. Aminooxyphenazines may 
sometimes be found as by-products in this 
reaction (Ullmann and Mautlxner, Ber. 36, 
4302 and ibid. 30, 4026). 

B. Euiihodols. 

These may likewise^ bo prepared by various 
methods. 

1. The sulphonio acids of azines, fused with 
potash, readily yield* the corresponding oxyazines 
or curhodols (Witt, Ber. 19, 2791). For instance ; 

C,4H,,N,S03Na+2Na0H 
Sodium naphtliaphenanthrazinesulphonate. 

=C,4H,3N20Na+Na2S03. 

Phenanthranaphthaeurhodol , 

2. Several eurhodines (amino-azines) yield 
the corresponding eurhodol on being heated 
under pressure wiPh strong acids, a hydrolysis 
taking place in the circumstances (Witt, Ber. 
19, 444) ; 

lypical eurhodine. Eurhodol. 

3. Diazo-azines, on being boiled with water, 
yield the corresponding eurhodols ; on being 
boiled with alcohol they yield the alkyl ethers 
of these eurhodols (Witt, Ber. 19, 444) ; 

Ci,H„N,-N:N-a-fH20 
Diazoeurbodine chloride. 

Eurhodol. 

Ci,HhN3-N:N’C1+C2H,0H 


NH, i 

Eurhodine. I 

6. Diaminoazines are formed by the de- 
QompositioD of certain indamines when their 
solutions are boiled for a certain time. Thus 
tolylene blue, the indaraine produced by the 
action tff nitrosodimethylaniline hydrochloride 
upon metatolylonodiamine, is decomposed if 
iw solution be boiled for some time, dimethyldi- 
azninotoluphenazine (tolylene red) being the 
principal product of this reaction (Witt, Ber. 
12,931): 



Toljrlsns blue. Leucotolylene blue. Tolylene red 

(dimethyldtamlno* 

toluphenazlne). 

7. Bi- and polyamino- adnes may also be pre- 


-HCH-N,+C„H„N,OC,H,. 

Ethyleurhodol. 

The following is an enumeration of those of 
the eurhodines and eurhodols which have been 
more closely investigated, the properties of 
which are typical for the whole class of colouring 
matters : — 

Typical eurhodine Ci^HiaN, (Witt, Ber. 19, 
445). The mode of formation of this substance 
has already been given (Section A, 1). It is best 
prepared by heating to 130® equal molecules of < 
orthoaminoazotolueno, of the melting-point 
118*6®, and a-naphthylamine hydrochloride, dis- 
solved in phenol until the colour of the mix- 
ture, which is at first of an emerald green, has 
changed into a brilliant scarlet. The mixture is 
now treated with a large quantity of toluene, 
when the hydrochloride of the new dyestuff is 
precipitated in a crystalline state. By reo^sta]- 
lisation from water acidified with hydioohlorio 
acid, it may be obtained in a pure state. I^m 
the pure hydrochloride the free eurhodine base 
is precipitated by alkalis or ammonia in the 
form of a yellow powder, which may be re- 
crystallised from aniline. Thus prepared, it* 
forms glistening yellow prisms and needles of a 
dark-brown colour. It dissolves in ether with 
a yellow colour and a magni^nt green fluores- 
cence, which is charaoteristio of all the membeni 
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oi tluB group 01 dyestuffs. Kurhodine forijtis 
three series of salts, of which, however, only 
those with one molecule of acid are fairly stable, 
whilst those containing more acid are dcoom* 
posed by the addition of water. It is to the 
formation of those various salts that the peculiar 
change of colour is due which is observed on 
adding water to a solution of curhodino in con- 
centrated sulphuric acid. 'Ihis solution is of a 
cherry-red colour. On adding a small quantity 
of water the colour changes to a fine emerald 
green, whilst still more water produces the 
scarlet shade of the normal sulphate. This 
change of colour, which is observed with all, the 
eurbodines, links them to their parent-sub- 
stances, the azincs, which exhibit similar 
curious phenomena, and also to the safranines. 

d’ho normal salts of eurhodine are well 
crystallised and of a bronzed copper colour when 
solid. In solution they exhibit a bright* scarlet 
tint which they communicate to the fibre. 
These normal salts are, hbwever, partially de- 
composed by an excess of water, the free eurho- 
dine base being regenerated. The same takes 
place if fibres dyed red with eurhodine bo washed. 
The scarlet shade is gradually replaced by the 
yellow shade of the free eurhodine base. For 
this reason eurhodine has not found an appKca- 
tion in the industry of artificial dyestuffs. 

Amlnonaphthaphenazlne<!iaH,iN 3 has been 
obtained by Nietzki and Otto (Ber. 21, 1598) 
from jS-naphthyhmine and dichloroquinonimide 
(UUmann and Ankersmit, Ber. 38, 1811). It 
oiwstallisea in dark-yellow needles. Its salts arc 
of a crimson colour. Its solution in culphurio 
acid changes by the addition of water from red- 
dish-brown through green into red. It forms a 
diazo- compound which, when boiled with alco- 
hol, yields the ordinary naphthapheriazine, of 
the melting-poiii;, 142-5®. The following com- 
pound is its dimethyl derivative ; — 

Dimethylaminonaphthaphenazine gTI , 
(Witt, Ber. 21, 719). This eurhodine, the iorma- 
tion of which has been described under Section A, 
3, may easily be prepared in quantity by heating 
together 20 parts nitrosodimethylaniline hydro- 
chloride and 10 parts /3-naphthylamine with 
60 glacial acetic acid ; the reaction sets in 
below 100®, and is apt to become violent. The 
product changes to a fine violet colour. It is 
cUssolved in water acidified with hydrochloric 
acid, and the filtered solution is precipitated by 
the addition of sodium acetate. The crude eurho- 
dine which is thus precipitated may be purified 
by dissolving it in alcohol acidified with hydro- 
chloric acid. From this solution the normal 
eurhodine hydrocldoride crystallises in bronze- 
coloured nee^es. From these ammonia liberates 
the free eurhodine base in the form of a scarlet 
crystalline powder. It may be recrystaUised 
from boiling xylene ; it is thus obtained in 
magnificent crystals resembling magnesium- 
platinooyanide, melting at 206*. 

The change of colour of a sulphuric acid 
solution of tms enrhodine is not very marked, 
going from violet thiough black and green into 
violet. The ethereal swution of the free base 
exhibits the brilliant fluorescence oharaoteTistio 
of all eurhodines. , 

Amlnopheiiapheiuuithrailne This 

eurhodine was prepared by Witt (Ber. 19, 446) 
and by Heim (Ber. 21, ^06) by the methods 


given under Section A, 2 and 4. it crystallises 
from toluene in short, thick, yellow prisms, 
melting M 279®. 

Dimethyidlaminotoluphenazine ; Tolylene red 
CiaHjjNa. The formation of this compound by 
the spontaneous decomposition of tolylene blue 
has ^en described under Section A, 6. TTlis 
eurhodine forms, in a pure state, orange crystals, 
which contain 4 mols. of water of crystallisation i 
at 15b® this is given off and the anhydrous base 
remains as a dark -red powder. The hydrated 
base is soluble in ether with a pink colour and a 
beautiful orange fluorescence. The solution in 
concentrated sulphuric acid is green ; on being 
diluted with water it changes through sky-blue 
into red. The normal (monacid) salts are 
perfectly stable and soluble in water with a 
pink colour. This solution dyes unmor^anted 
or mordanted cotton and other fibres a pink 
which in darker shades deepens into a coppery 
red. 

The production of this dyestuff has been 
patented (Otto N. Witt, D. B. P. 15272 ; 
Eng. Pat. 4846, 1 8H0). The commercial product, 
which contains a certain amount of iifipurities, 
is sold under the name of ‘ neutral red.’ It is 
chiefly used in cal iQo-prin ting, and giues very 
fast and useful shades. 

A similar product is prepared from the in- 
damine which is formed by reacting with nitroso- 
dimethylamine hydrochloride upon metaphenyl- 
enediarainc. It is embraced by the same patent 
and sold under the name of ‘ neutral violet.’ 

Typical eurhodol C^HnN.OH (Witt, Ber. 
19, 444). This substance, the formation of 
which takes place according to the equation 
given under Section B, 2, forms small leaflets of 
a yellow or red colour which dissolve in con- 
centrated sulphuric acid with a red colouration, 
and are reprecipitated from tlfis solution by the 
addition of water. Caustic soda solution dis- 
solves it with an orange shade. Thus it is shown * 
that this eurhodol (like all compounds of the 
same class) exhibits both acid and basio pro- 
perties, the latter being due to the azine group 
contained in their molecule. * 

Eurhodol Cs 4 Hi 4 NaOH. o-Hydroxynaphtha- 
phenanthrazine has been obtained (Witt, 
Ber. 19, 2791) by the method described under 
Section B, 1, by the fusion of naphthaphen- 
antbrazine-a-Bulphonio acid with caustic alkalis. 
Its solution in sulphuric acid is of a fine and 
intense indigo-blue ; it changes very suddenly 
into red on the addition of water, the sulphate 
being precipitated. This substance is a yellow 
colouring matter which may be fixed on ootton 
with alum-mordant, like alizarin. Owing, how- 
ever, to its costliness, it has not been oroimht 
into commerce. A large number of isomerides 
may be prepared by starting from the numerous 
Bulpho- derivatives of orthonaphthylenediemine, 
transforming them into azinesulphonates by 
condensation with phenanthraquinone and into 
eurhodols by subsequent fusion with Oftustio 
alkalis. 

III. Azonlum bases and safranines. ^e 
azonium bases are a class of compounds of which 
our knowledge is very restrio^, very few 
representatives of the olass being eat present 
known, and that rather imperfectly. They a*e, 
however, of importance, as it is now establidited 
beyond doubt tb^t they are the parent sub- 
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atanOeA of the very important class of dyestuffs 
known as aafranines. Although the first 
artificial dyestuff, mauvclne, was a trae safra- 
nine, and although this croup of compounds 
has been frequently under investigation, a 
correct vjew of their constitution had not been 
obtained until quite recently. According to 
the theory now universally adopted, all safra- 
nines are amino* derivatives of azonium bases, 
to which they stand in the same relation as the 
eurhodines to the azinos. Hydroxy- derivatives 
of azonium bases have also been prepared and 
described under the' name of safranols. They 
are, however, of no importance as colouring 
matters. 

The azonium bases themselves, none of 
whioh^ has so far been obtained in a state 
fit for analysis, stand in the same relation to the | 
aunes as the ammonium bases to the amines. | 
They are azinea in which one of the nitrogen 
atoms has become pentavalent by being satu- ! 
rated with three organic radicles and one acid 
radicle, the connection with the second nitrogen 
atom being still preserved by the fifth valency 
of the pentavalent nitrogen atom. Thus the 
characteristic constitution of the azonium.com- 
pounds*maybe expressed by the general formula 





in which R* and Rii represent mono* and 
divalent organic radicles, and X* a monovalent 
acid radicle. 'J'he azonium bases are compounds 
which possess strong basic properties, and which, 
by the tenacity with which they retain their 
acid radicle, strongly resemble the ammonium 
, bases. It is probable that the free azonium 
bases contain, like the ammonium bases, the 
hydroxyl group in the position Xi of the above 
general formula. The azonium bases and the 
dyestuffs derived from them are also capable 
or tautomeric changes, which lead to their 
assuming quinonoid structures. The nature of | 
these changes is in many cases doubtful and too 
> complicated to be fully discussed in this article. 

The azonium bases are strongly coloured 
substances, but their dyeing properties are 
develop^ and brought to perfection by the in- 
troduction of amino- groups into their molecule. 
As the azonium bases theoretically possible are 
very numerous, and each of them is capable of 
producing very numerous isomeric mono- and 
poiyamino- derivatives, the number of possible 
eafranines is exoeedinglv large, and the number 
of those which have already been prepared is 
inaimificant in comparison with that fore- 
shadowed by theory. 

Of. the wsfranines which have hitherto been 
prepared, only a lew are monoamino- derivatives 
of azonium bases. A few more are of doubtful 
or unknown constitution. The majority are 
asymmetric diamino- derivatives of azonium 
bases, containing one amino- group in one of 
the diatomic organic radicles (Rn, whilst the 
other is sl^chod to the monoatomic radicle (Ri). 

The true constitution of phenosafraniae 
and its oongmers has been recognised by Witt, 
who, after pointing out the Analogy between the 


eurhodines and safraniues (Ber. 18, 1119) and 
clearing up the constitution of the former (Ber. 
19, 44o}, proved the latter to be asymmetric 
diaminoazonium bases (Ber. 19, 3121). Bomth- 
sen had proposed (Ber. 19, 2690) somewhat 
earlier a symmetrical formula for the safraninea 
based upon Witt’s eurhodine researches. His 
view was subsequently adopted by some chemists, 
but the author of this article fails to see the force 
of the arguments adduced in support of it, Cf. 
supplementary article. 

A. Azonium bases. 1. The typical compound 
was obtained by Witt (Ber. 20, 1183) by the 
reaction of phenanthraquinono on phenylortho- 
naphthylenodiamine. By heating these ingre- 
dients in an acetic acid solution an inter- 
mediate product is obtained, which on treat- 
ment with a mineral acid is transformed into 
the salt of the azonium base : 



If nitric acid is used, the nitrate is deposited 
in very fine crystals. It is sparingly soluble in 
water, readily soluble in spirit with a fine 
orange-red colouration. The hydrochloride dis- 
solves in sulphuric acid with a violet tint, which 
changes into red on dilution with water. 

2. If in this reaction the phenylorthonaphthyl • 
enediamine be replaced by phenylortho- 
phonylenodiamine, the resulting compound is 
a yellow dyestuff of considerable strength. It 
is manufactured and sold under the name 
* Flavinduline ’ (1893). 

3. A very similar compound was obtained 
by Otto N. Witt and Christoph Schmidt in 
1892 (Ber. 26, 1017), by the reaction of benziJ 
upon ethoxyphenylorthonaphthylendiamine. It 
was called ethoxyphenylnaphthostilbazonium 
chloride and has the constitution : 

C.H, 


I 





It is a beautiful yellow dyestuff, but too 
expensive to be prepared on a manufacturing 
scale. 

B. Safranines. The various colouring mat- 
ters belonging to this grouj) have mostly bwn 
prepared by different synthetical methods, which 
may be classed in the following manner ; — 

1. Reduction of the nitro- derivativM of 
azonium bases. By reacting with monooitro- 
phenanthraquinono or dinitrophenanttifa- 
quinone on phenylorthonaphthyleaediamlne* 
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nitro- and dinitro- derivativea of the above j 
base are obtained, which on reduction ' 
with ammonium sulphide yield reddish'Violet 
colouring matters .belonging to the safranine 
group (Witt, unpublishea observations). 

2. If the stilbazonium base obtained by 
Witt and Schmidt, or any of its congeners 
prepared from ethylated arylorthonapnthyl- 
onediamines be heated with ammonia, the 
ethoxy group is replaced by the amino- group 
and the corresponding safranines are formed. 
This is quite a general reaction (Witt and 
Schmidt, Ber. 26, 2003 ; Witt and v. Helmolt, 
B5r. 27, 2365; Witt and Buntrock, Ber. 27, 
2362). 

3, By the action of dichloroquinonimidea 
upon secondary aromatic amines, in which the 
para- position to the amino- group is occupied, 
monoamino-azonium bases are formed (Nietzki 
and Otto, Ber. 21, 1598). The reaction, for in- 
stance, between dichloroquinonimide and phenyl- 
^-naphthylamine may be represented by the 
equation : 



New dyestuff. 


4. In a similar manner nitrosodimethyl- 
aniline (or any other nitroso-amine) reacts with 
ph«nyl-/8-nnphthylamino (Witt, Ber. 21, 719): 

HCl 



NltrosodimethylanlUne 

hydrochloride. 




6, The safranines proper (asymmetric di- 
aminoazqnium bases) are formed by the joint 
oxidation of one molooule of diamine and twp 
molecules of an aromatic monoamine. In this 
reaction fugitive indamines are formed^ as inter- 
mediate products ; the process thuiP becomes 
strictly analogous to the formation of tolu^dene 
red and its congeners. 

This is the process which ie generally us^ 
in the manufacture of safranines, and it will 
therefore be fuUy explained. 

By the joint oxidation of an aromatic para- 
diamine with one molecule of an aromatic 
monoamine, an indamine is invariably formed 
{v. Indamines). If these indamines be oxidised 
m the presence of another molecule of an 
aromatic monoamine, a safranine is formed : 

First Stage. • 

NH, 

I 



Second Stage. 



Indamine. Fhenoeafranine. 


Of course,, any other paradiamine may be 
substituted for paraphenylenediamine, and any 
other monoamine ior aniline. As, however, tM 
formation of an indamine only takes place if the 
para- position to the amino- group be still free, 
it results, that at least one of the two molecules 
of monoamines must fulfil this condition. Thus 
the formation of a safranine from paraphenyl- 
enediamine takes place on oxidation of one 
molecule of the diamine with 

(1) Two molecules of aniline. 

(2) Two molecules of ortbotoluidine. 

(3) One of aniline and one of orthotoluidine. 

(4) One of aniline and one of paratoluidifte 

(6) One of orthotoluidine and 05,6 of para- 

toluidine ; but it does not take place with 
molecule of paraphenylenediamine and two o 
paratoluidino (Wijjt, J. Soc. Chem. Ind. 1882 
266). 
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molecules of monoamines must have a free ortho- 
posi tiori in order to be capable of entering the 
reaction. Thus the indamino of the almve 
formula forms safranines with all the primary | 
aromatic monoamines of the benzene scries, with | 
the exception of one xylidino and of mesidine, 
of the respective formula} 



because these two have no free ortho- position to 
be used for the formation of the azonium group 
(iS'ietzki, Ber. 19, 3017 and 3130). 

It is also necessary that this second molecule 
of monoamine bo a primary base, ^\hllst the one 
necessary for the formation of the imlamine may 
bo either primary, sccondory, or Urtiary, pro- 
vided always that it possesses a free para- 
position. 

6. It is evident that the general process de- 
scribed under 4 may be modified ; thus, for 
instance^ the dipara-amino- derivatives of 
secondary bases (being the leuco- compounds of 
indamines) may be oxidised together with one 
molecule of a primary aromatic monoamine, 
when a safranino is the result (see top of page, 
second column) : 

7. Another modification (Witt, Ber. 10, 873) 
consists in heating aminoazo- compounds with 
the hydrochlorides of' aiomatic monoamines. 


NH, 



Dlpara-amlno* Nil, 

dlphenylamlne. Safroiime. 


This is the oldest process for the manufacture 
of safranines. The mechanism of this reaction 
is simple. Part of the aminoazo- compound 
being reduced, a mixture of a ^aradiaraine and a 
primary monoamine in molecular proportions is 
formed, which with the monoamine added in the 
shape of hydrochloride, is transformed into 
safranine by the dehydrogenating action of the 
remaining part of the aminoazo- compound. It 
is evident that the yield must be small in this 
process of manufacture, and such is actually 
the case. 

6. An ^ asymmetrical safranine has been 
obtained by the reduction of picryl-ortho- 
phehylenediamine (Kehrmann, Ber. 33, 3074). 

9. CestUn compounds belonging to the 
safranine group (mauvelne, &c.) are formed in 
a very complicate reaction by the oxidation of 
heavy aniline alone ; on continued oxidation 
mauvdne is converted into a safranine (Perkin, 
Ibjr. Soo. Proa. 36» 717), 


The following is an account of the more 
[ important and more thoroughly investigated 
safranines : — 

A. Monamino- Derivatives op Azonium 
Bases. 

1. Aposafranlne, Monoaminophenylphenazo- 
nium chloride, has been obtained oy Nietzki 
and Otto (Ber. 21, 1736; see also Annalen, 
286, 188, and Ber. 30, 2624, and 33, 3078) from 
phenosafranine (see below) by diazotising one 
of its amino- groups, and eliminating it by 
means of alcohol. It is a red dyestuff of jpo 
practical importance, but very interesting as 
prototype of the induline group {see under 
Inoulines). 

2. Red dyestuff Obtained by 

the action of dichloroquinonimide on phenyl- 
iS-naphthylamine, was prepared by Nietzki and 
Otto (Ber. 21, 1698) by heating the ingredients in 
molecular proportion in alcoholic solution on 
the water- bath. The nitrate forms green needles 
or prisms which are soluble in water with a 
magenta-red colour. The h 3 'drochlorido dis» 
solves in sulphuric acid with a red colouration, 
which on dilution changes through green into 
red. 

3. Violet colouring matter CaiHnoNsCl. Pre- 
jmred by Witt (Ber. 21, 719) by acting with 3 
molecules of nitrosodimothylaniline hydro- 
cliJoridc in an acetic acid solution on 2 molecules 
of phenjd-jS-naphthyiamine. This is the di- 
nicthyl- derivative of the preceding substanea 
The hydrochloride forms large black needles 
soluble in water, with a tine violet colour. The 
free base, Cj 4 H 2 ((N 3 *OH, is liberated from the 
salts by caustic alkalis only. It is insoluble in 
water, soluble in alcohol, with a rod colour and 
a line orange fluorescence. It is sold as * neutral 
blue.* 

4. Violet colouring matter CajHzjNjCl. Pre- 
pared by Witt (Ber. 21, 719) from paratolyl- 
jS-naphthylamine in exactly the same manner as 
the preceding substance, of which this is the 
next homologue. Violet soft needk'S, resem- 
bling in their colour and reactions the phenyl^ 
derivative. 

The above substances have been patented 
(Otto N. Witt, D. R. P. 19224, dated Feb. 18, 
1882). 

5. Basle blue Cj^Hg^NiCl is a fine blue 
dyestuff prepared (T. Annaheim, Ber. 20, 
•1371 ; Durand and Hnguenin, Ger. Pat. 40886) 
by the reaction of nitrosodimethylaniline 
hydrochloride on the paratolylnaphthylene- 
diamine which is formed by heating Ebert 
and Merz’s dihydroxy naphthalene with para- 
toluidine hydrochloride. It forms a brown 
crystalline powder, soluble in water with a 
bluish- violet shade. In concentrated sulphuric 
acid it dissolves with a greenish-brown shade, 
which changes through green into violet on 
dilution. 

6. Azine green CjoHagN^Cl is formed by 
the reaction of nitrosiodimejhylf^niline hydro- 
chloride upon 2 - 6 - diphenyJnaphthylenedia- 
mine. 

7. Induline* scarlet CnHigNjCl, a very 
beautiful red dyestuff discovered by Schraube 
(I). R P. 77266 ; Eng^. Pat. 10138A, 1892), and 
manufactured by the Badisohe Aniline and Soda- 
Fahrik, is rcalW not an induline, but a Safranine. 
It is prepared by melting tpgethw tte 
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ch'oride of anilinazoethylparatoluidine and a- 
naphthylamine. The reaction is strictly analo- 
gous to the formation of the typical eurhodine. 

(Induline scarlet; Is used as a catalyst in 
discharge printing in some cases (c/. D. R. P. 
184381). Rongahte special {B. A. S. ¥.) and 
hydrosulphite cone, special (M. B. B.) both con- 
tain induline scarlet. — F. A. M.) 

B. Dijlmino- Debivatives of Azonium Bases. 

1. Phenosafranine Discovered 

by Witt (exhibited in Paris m 1878 ; and men- 
tioned in the catalogue of Messrs. Williams, 
Thomas & Dower, closely investigated by 
Nietzki (Ber. 16, 404) and by Bindschedler 
(Ber. 13, 207 ; 10, 805). 

It was with this compound that the mode of 
formation of the safranmes and their chemical 
properties were definitely ascertained, chiefly by 
R. Nietzki, whose brilliant researches on this 
subject did much to clear up the chemistry of 
this group. 

Phonosaf ranine is prepared by the joint 
oxidation of paraphenylenediarnine and aniline. 
The mechanism of this process has already been 
discussed. A dilute aqueous solution of the 
normal hydrochlorides of these bases is used, and 
their oxidation is accomplished by adding 
potassium or sodium bichromate or manganese 
dioxide in the necessary proportion to the hot 
solution. The -Mue colour of the indaminc 
which appears at first is iuimcdiately replaced 
by the red colour of the safranme formed. A 
certain quantity of insoluble dark by-products 
is always formed, but by careful work the yield 
of pure safranme may be raised to 70 p.c. of the 
theory. When the oxidation is finished, soda solu- 
tion or chalk is added m order to precipitate the 
impurities, and the liquid is filtered. By adding 
a small amount of nitno acid and some sodium 
nitrate to the filtered solution, the nitrate of the 
safraniuo crystallises out ; or the chloride may 
be prepared by adding common salt to the solu- 
tion after acidifying it with hydrochloric acid. 
By repeated recrystalliaation from water or 
alcohol, the phenosafranine is obtained in a 
state of purity, in the form of magnificent green 
needles. The sulphate forms blue needles. The 
platinum salt (Cj 8 HijN 4 CI) 2 PtCl 4 forms in- 
soluble shining leaflets. Phenosafranine forms a 
diacetyl- derivative on boiling with acetic an 
hydride in the presence of dry sodium acetate. 
It forma two diazo-derivatives, of which the 
first 

"^NtN-a 

is rather stable and soluble in water, with blue 
colouration. The other diazo- compound 

^N ; N CI 
C,«H,,N,C1 
'^N:N-C1 

is very unstable and of a green colour. 

Phenosafranine dVes wool, silk, and cotton a 
masnifioent pink. Its aqueous solutions are red 
and show no fiuoresoenoe, whilst ajooholio solu* 
tions show a marked greenish-yellow fluor- 
eso^me. Phenosafranine dissolves in con* 
oentrated sulphurio aoid with a green colouration 
ohani^es through blue into red Qn dijiition^ 


thu^ indicating the actual existence of the three 
series of B|p.lts foreshadowed by theory. 

If phenosafranine or its homologues be 
diazotised and then combined with jS-naphtiiol, 
beautiful basic blue dyestuffs are obtained, 
which are largely prepared and used fol cotton- 
dyeing and calico-prmting under the name of 
‘ Indoino blue.’ 

The alkyl- derivatives of phenosafranine are 
interesting colouring matters, some of which 
have found an industrial application. They 
have not been prepared by introducing alkyir 
OToups into ready-formed safranino, but rather 
by direct synthesis from suitable raw materials. 
Each of them exists in two isomeric modifica- 
tions, according to the amino- group into which 
the alkyl- group has been introduced. The two 
amino- groups of phenosafranine being asym- 
metric, and therefore not equivalent to ofte 
another, must of necessity produce different pro- 
ducts on being alkylated. 

a-Dimethylsafrahine C 2 oH, 8 N 4 Cl is produced 
by the simultaneous oxidation of one molecule 
of pdraplumylenedimcthyldiammc with two 
molecules of aniline. 

It 13 a dyestuff of a magenta-red shade. Its 
nitrate ervstaliisos in green needles (Bindschedlor, 
Ber. 10, 800) 

fi-Dimethylsafranine is obtained by oxidising 
a mixture of one molecule of paraphenylene- 
diamine with one molecule of aniline and one 
molecule of dimethylanilino. Its shade is 
similar to that of the preceding one ; its nitrate 
forms brown leaflets (Niotiki, Ber. 19, 3017 and 
3136). 

The two diethylsafranlnes are obtained in 
a similar manner. Their chlorides form green 
needles which dissolve in water with a violet 
shade (Nietzki, Bor. 10, 46ll). These sub- 
stances, and especially the o- derivatives, are 
manufactured under the name of Fuchsia. * 
Tetramethylsaf ranine (Bindschedler, l.c.) and 
tetraethylsalranine (Nietzki, l.c,) may be pre- 
pared by the joint oxidation of one molecule of 
paraphenylonedimethyl- (or* diethyl-) diamine 
wdth one molecule of aniline and one molecule 
of dimethyl- or diothylanilino. These substances 
have been sold under the name of Amethyst. 
Their shade is a magnificent violet, with a fine 
crimson fluorescence. Unfortunately, they are 
very fugitive. 

2. Tolusafranines (Hofmann and Geyger, 
Ber. 6, 626, and very numerous other publi- 
cations) CjjHjiN.Cl. A mixture of the iso- 
nierides of this formula is the safranino of 
commerce. It is prepared by the oxidation of 
a mixture of paratolyleucdiamino with the two 
toluidinoa. This mixture is obtained by treat- 
ing three molecules of the orthotoluidine cA 
commerce (which contains from 6 to 10 p.o. of 
paratoluidine) with two molecules of hydro- 
chloric acid and one molecule of sodium nitrite 
dissolved in as little water as possible. A thick 
heavy oil is the result, which is merely a solution 
of amino-azotoluene in the excess of tcfiuidine 
present. By dissolving this oil in hydrochloric 
acid, and reducing it with either zmo-dust OK 
iron borings, the amino-azo- compound is split 
up into paratojylenediamine and orthoto* 
luidino ; consequently, the aqueous liquid pro- 
duced contains thp b^ses in the neoessa^ 
proportions for the production of safraninc* 



44S 


A2INES. 


Tho rest of the treatment is exactly similar to) 
the one described for pheno-aafranine. The 
aafranine is precipitated from the liquid by the 
addition of salt. By rodissolving it in water, 
boiling jvith a small quantity of potassium 
bichromate, treating it afresh with milk of lime 
or thalk, and reprecipitating the filtered liquid 
with clean salt, the safranine is purified so as 
to give the brightest shades on dyeing. Safra- 
nine prepared Avith a toluidine rich in para- 
toluidine is very insoluble in cold water; and 
therefore generally disliked by the dyer. The 
presence of aniline has not the same disagree- 
able effect : some manufacturers therefore use 
the first runnings of the magenta process, which 
consist of aniline and orthotoluidine, and con- 
tain lA) paratoluidine, as a suitable raw product 
for the manufacture of safranine. The safra- 
ni!ie of commerce forms a brown powder which 
dissolves readily in hot water. It dyes a bluish- 
pink on textile fibres, and was chiefly used for 
dyeing cotton. The introduction of the so- 
called substantive azo- colours, derived from 
benzidine and its congeners, has much diminished 
the use of safranine. 

3. Girofle. A dimethylphenoxylosaf ranine 
has been produced by heating nitrosodimethyl- 
aniline hydrochloride with xylidine, and sold 
under the above name as a violet colouring 
matter of a pleasing shade. 

4. Safranisol Ci8H^3(OGH,)2N4-Cl is a sub- 
stance which has been obtained by Nietzki by 
the joint oxidation of one molecule of para- 
phenylenediamine wilh two molecules of ortho- 
anisidine. It dyes a very beautiful yellowish- i 

ink with a yellow fluorescence. This product 

as been patented (Kalle & Co., T). K. V. ‘Z4‘2‘Z9 *, 
Eng. Pats. 218, 1883 and 3095, 1883), but owing 
to the high prich of its production it has been 
unable to compete with tlie cosin colours, 
which are perhaps still more bnlliant in shade. 

6. Magdala red C3oH2iN4a. This old and 
very beautiful colouring matter is the safranine 
of the naphthalene series. It was discovered by 
Schiendl and first investigated by Hofmann 
(Ber. 2, 374), who, however, owing to the great 
diflSculties of its analysis, assigned to it the 
erroneous formula CaoHjiNa'HCl. After a 
revision of the analytical data by Julius (Bor. 
19, 1S66), its true composition was established. 
This substance cannot be prepared by the 
usual oxidation process from paranaphthylene- 
diamino and naphthylamine because para- 
uaphthylenedh(,raine is at onco transformed into 
o^naphthaquinone even by the feeblest oxidising 
agents. Magdala red has therefore to be pre- 
pared by the old process of heating a-amino- 
azonaphthalene with a-naphthylaraine acetate. 
The chief product of this reaction is rhodindine, 
the induline of the naphthalene series {v. Indu- 
LiisiiS) ; but a small proportion (6-8 p.c.) of 
Magdala red is formed at the same time. This 
is exti-acted from the melt by repeated treat- 
ment with boiling water, in which it is sparingly 
soluble." On cooling, this solution deposits 
the dyestuff in the ^ape of gelatinous ilakes, 
It is purified by repeated crystallisations from 
^vater.r VKhen pure, it forma a dark crystal- 
line powder, which dissolves in alcohol \\ith a 
pink colour and a magnificent orange fluores- 
cence. It is used for dyeing light pii^ on silk, 
but is now rapidly being replaced by rhodamino 


V. TriPHBNYLMBTH iNB COLOTTBUfO MATTBES) If 
ready-formed paranaphthylenediamino be added 
to the magonta-melt, the proportion of Magdala 
red formed is considerably increased (Otto N. 
Witt, B. R. P. 40868). It* is thus shown that 
Magdala red is, after all, oidy a product of the 
joint oxidation of paranaphthylenediamino and 
a-naphthylamino. 

The pure salts of Magdala red, when re- 
crystallised from spirit, form green needles with 
a metallic lustre. The chloride, sulphate, pi- 
crate, and platinum double chloride have been 
prepared and analysed. These salts dissolve in 
concentrated sulphuric acid with a blue-black 
colour which changes into red on dilution. 

Mixed Magdala reds have been prepared 
either by heating amino-azonaphthalene with 
aromatic monoamines of the benzene series (M. 

T. Leoco, Ber. 7, 1200), or by heating aminoazo- 
compounds of the benzene series with j)ara- 
naphthylenediamine hydrochloride and aniline, 
toluidine, or even phenol (Otto N. Witt, D. R. P. 
40868). These dyestuffs resemble Magdala red 
in their properties. 

6. Indazino is the commercial name of a 
safranine dye, which is obtained by heating 
the symmetrical diphenyl metaphenylenediamine 
(prepared by heating resorcin with aniline 
hydrochloride in the presence of zinc chloride) 
with nitrosodimethylanilino hydrochloride. Its 
constitution may be inferred from its analogy 
to the violet dyestuff prepared from nitrosoai- 
mothylaniline and phonyl-;3*naphthylamino. It 
is a serviceable blue, of considerable intensity, 
but little brilliancy of shade. 

Mauveine C2,H.2jN4Cl. This subtan ce, the 
oldest of all the artificial colouring matters, is 
still luanuiactured in a small way, and sold under 
f the name ot rohoiane. It was discovered and 
examined by W. H. Perkm (Roy. See. Proo 36, 
717 ; Eng. Pat. 1984, 1856). who also described 
the modej^f its production. It is prepared by 
oxidising heavy aniline with potassium dichro- 
mate, and extracting the mauveine formed with 
water or spirit from the black insoluble mass 
which is the chief product of the reaction, A 
dyestufi resembling inauveino in all its properties 
may be prepared by the reaction of nitroso- 
diplienylamine on aniline (Otto Fischer and 
Hepp, Her. 21, 2617) or by the joint oxidation 
of ^phcnylmetaphenylenediamine and para- 
phenylcnediamine or meta-aminodiphenylamine 
and para-aminodiphenylamine. These synthesea 
are a clue to the constitution of mauveine, ‘ 
which has been a mystery for nearly half a 
century -it stands revealed as phenylphenosa- 
franino. The above synthetical methods have 
been adopted for the industrial preparation of 
mauveine, as they give better yields than 
Perkin’s old process of oxidation, MauVelne 
18 generally sold in the shape of a violet paste. 

It is insoluble in cold, sparingly soluble m hot 
water, easily soluble with a fine purple shade in 
spirit. Concentrated sulphuric acid dissolves 
it with an olive-green colouration, which on 
dilution with water charigce through green and 
blue into purple. Mauveine still holds its own 
against the cheaper new violets on account of 
its great faslness to light and other inflnences. 

It is used for shading the white in bleached silks, 
and also for printing on paper. (It was shK) iJsecl 
for printing the old violetpcnny postage staJhp*) 
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Manvelne yields on oxidation a pink dyestuff 
which is supposed to be identical with oidinary 
phenosafranine. In our opinion this statement 
requires confirmation. 0. N W. 

Addendum. 

Since the foregoing article was revised by 
the late Prof. Witt there has been relatively 
slight activity in the azine group of dyes, such 
developments as have taken place being chiefly 
theoretical ; on the technical side a few new 
or improved methods of preparing azine deriva- | 
tives have been patented, and are noted later, 
but substantially the situation remains much as 
it was, no striking advances having been made. 

So far as concerns the theory of the stnicture 
of the dyes of this class, we may note that the 
general consensus of opinion amongst chemists 
is that the ortho-quinoid formulation i.s, on the 
whole, in better agreement with the known facts 
than the older para-quinoid structures ascribed 
to them by Witt, and, in addition, safranine, one 
of the most important members of the azine scries, j 
is usually given a symmetrical formula rather than ' 
the unsymmetrical formula favoured by Witt. 

We may therefore note shortly the chief 
grounds upon which these alterations are based ; 
first as regards the symmetrical formulation, 
Nietzki showed that the same phenyl-safranine 
was obtained by condensing («) phony I- w- 
phenylenediamine and phenyl-p-phenylcnedi- 
amino ; (h) diphenyl-m-phenylenediammc and 
p-phenylenediamine, according to the schemes t 



A result that appears hardly explicable if wo 
assume a symmetrical formula for the safranine. 

Further, the synthesis of safranine from 
♦n-amino^phenylamino and p-phenylenediamine 
also points in the same direction, since a safra- 
nine is also produced if methyl-w-phenylene- 
diamine be used in place of phenyl-w-phenylene- 
diamine, a result clearly incompatible with an 
unsymmetrical formula, for whilst the methyl 
group can replace the phenyl group attached 
to the azonium nitrogen on the symmetrical 
formula, it cannot possibly replace one of the 
benzene nuclei of the azine ring system as would 
be demanded by the 'unsymmetrical formula. 

Nietzki claimed to have shown the existence 
of two isomeric diethyl safranine which he 
prepared from diethylphenylenediamine-f 2 mols. 
aniune, and from aniune, -f-p-phenylenediamine 
+diothylanlline respectively, and quoted this 

VoL. I-T. 


as an argument in favour of the unsymmetrical 
formula. Komer and Schraube, however (Chem. 
Zeit. 17/ 305), destroyed this argument bjr 
showing that the two isomers were identical. 

A further argument in favour of the unsym- 
metrical formula was brought fonfard by 
Barbier and Sisley (Ann. Chim. Phys. 1908, 96), 
who claimed to have proved the existence of 
two isomeric safranines, an unsymmetrical and 
a symmetrical, the technical dye consistuig of a 
mixture of both forms. Hewitt, Newman, and 
Winmill have, however, contradicted this state- 
ment (Chem. Soc. Trans. 1009, 95, 577). Havas 
and Bernhard (Bcr. 40 , 272 , 3 ) also claim to have 
proved that phenosafranine is homogeneous, . 
and that Barbier and Sisley’s two products are 
citherdifferent hydrates or bomologiies which may 
be present in the purest commercial safranine. 

The balance of evidence appears, therefoi;^, 
to be strongly in favour of the symmetrical 
formula for the safranines : 





As regards the vexed question of ortho- 
versus para- quinoid structure, we cannot say 
that this is finally settled, as there is little doubt 
that, in certain cases, at all events, tautomerism 
occurs between the two forms. 

Assuming the correctness of the symmetrical 
arrangement discussed above, we nave three 
possible methods of writing the structural 
formula : — 



IT. 



(For a fourth suggested formula, c/. Balls, 
Hewitt, and Winmill, Chem. Soc. Trans. 1912, 
101, 1840.) 
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Of these, formula L, originally proposed by 
Bernthsen (Bor. 19, 2690), is constructed in 
accordance with the older ‘ peroxide ’ ' formula 
for quinone, which is not used now, and may 
therefore be disregarded. 

Between II. and 111., the pam-quinoid and 
the orfib-quinoid formula^ a decision could be 
arrived at by the behaviour of tlie substan'-c 
with nitrous acid, since II. contains only one 
amino- group, whdst III. possesses two. ()ne 
amino- group can be readily removed by diazo- 
tisation in the ordinary way, yielding aposaf ra- 
nine, whilst the second group is considerably 
more resistant; but Kehrrnann (Ber. 1896. 29, 
2.110), by diazotismg the sulphuric acid solution 
of aposafranine, succeede<l m removing the 
second amino- group, obtaining by this means 
phenyl phcnazonium chloride : 



which can only have an or/ /m-quinoid structure 
(c/. also Nietzki, Bel'. 29, 2771). 

A further proof by Kehrmann (Ber. .10. 
1505, 2020 ; ,11, 195) consists m the fact that 
on treating pheuylphcnazonium chloride with 
ammonia an arniiio- groiqi is added on (just as 
quinone, for example, adds on hydrochloric 
acid) yielding leucoaposafranino ; 



which oxidises at once in air to aposafranine 
itself ; if the latter be then acetylated and 
again treated with ammonia a further amino 
group is added on yielding acetylphenosafranino : 



Such a synthesis is readily explicable on the 
ortho-qumo^d hypothesis, but it would be difficult 
to understand how ammonia could add on to 
the non-quinoid nucleus wore the para-quinoid 
structure accepted. 

We may therefore take it that the behaviour 
of the azine group of dyes can be best explained 
by the assumption of an or/Ao-quinoid structure, 
but the possibility of tautomeric change into 
the p-qiiinoid form must not be lost sight of. 

Kehrmann, Havas, and Grandmougin, and 
their pupils, have carried out a good deal of 
research in retent years on the structure of the 
azine dyes. In particular, they ha/c examined 
the behaviour of some phenazonium compounds 
with varying concentrations of sulphuric acid. 
As is wcil known, by increasing the concentra- 
tion of the acid striking colour changes are pro- 
duced, and the results obtained show that, 
with few exceptions, the number of colour 
changes produced increases with the number of 
amino- groups present in the molecule, which 
they explain by assuming that salt formation 
takes place step-wise, each transformation of a 
basic into a salt group causing a colour change. 

Frequently the second salt of a diamino 
compound exliibits colour and spectial relation- 
ships identical with those shown by the salt of 
the monoamino compound, the effect of the 
acid being to ncutridise the eliromophoric effects 
of the partiinilar ammo- group, e.g. the ‘ second ’ 
colouration of 1:3, 1:7, or 3:11 diamino- 
phcnylphenazonium salts is the same as that of 
the 3-amino- compound ‘ first ’ colouration (Bor. 
B), 2802). 

Where this rule does not liold good the 
assumption is made that a change has occurred 
from ortho- to pam-quinoid structure, or vice 
ivrsa. 

Most of the researches of these investigators 
are of too theoretical a nature to be considefed 
in the present article, but it is worthy of note 
that they -bring forward evidence which tends 
to show tliat the assumption of such a change 
in the Btructurc of azine dyes from ortho- to 
jxim-quiiioid rests to some extent on an experi- 
mental basis. Thus Grandmougin and Smirous 
(Ber. 46, 3425) consider that the green tri-acid 
saf ranine salts obtained on solution in sulphuric 
acid are mivtures of a yellow o-quinoid, and a 
blue p-quinoid compound, and it was found 
that on treating such green solutions with 
so<liuni nitrite they at first undergo only partial 
diazotisation, but on standing for some days tha 
para- form is slowly rearranged into the ortho- 
quinoid form, and is bis-diazotised so that on 
pouring into alcohol phenylpbenazine is formed. 

Balls, Hewitt, and Newman (Chem. Soc. 
Trans. 1012, 101, 1840), from an examination of 
the absorption curves of various azine dyes, 
consider these to confirm the tautomeric struc- 
ture of the safranines, the structure changing 
from ortho- to pam-quinoid, according to con- 
ditions : 
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Regarding other recent developnienla we 
may note that phenazine haa been }»rodiiced I 
by Zcrev'itinov and Osatromuiaslenski (lier. 44, ' 
2402) by heating nitrobenzene with barium oxide 
at 200°-280° t\, the only other aiibatanoe pro- 
duced being andine. • • 

Another syntheaia from o-nitraniline and 0 - 
nitrobrom benzene, using cuprous chloride as a 
catalyst, is described by Eckert and Steiner 
(Monatsh. 1914, 35, 1153). 

On the purely technical side wo may note 
that Bayer & Co. (D. R. R. 230450) describes 
the production of green azine dyes of the 
type : 


/ 


I 


/ 


from 1 : 3-diary Inaphthylene diamines or their 
Bulphonic acids. By oxidising alkylbcnzyl- 
anilino sulphonic acids with derivatives of 
diphenylamme siilphonic acids of the general 
formula ; 


(H 2 N)‘(S 03 H) : CeH3-NH-0«H,-X 
(X— hydrogen or aralkyl) 

I 

to the corresponding indamine, and then the 
latter with an aromatic amine, safranino sul- 
phonic acids are produced (Akt. ges, f. Aniline 
Fab. ; Fr. Pat. 417609). 

In Fr. Pat. 420790 (D. R. P. 243491) the 
Farbwerke Hochst claim the production of a 
safranine disulphonic acid by the joint oxida- 
tion of p-iminodiphenylamine sulphonic acids, 
Bulphanilic acid, and monosulphonic acids of 
tertiary amines in which the 7 wira- position is 
ffee, such as alk’ 1- benzyl-aniline sulphonic 
acids. 

J. D. Riedel claims the manufacture of 
azine dyes by the action of m-toluylene diamino 
and a>naphthylamine upon p-nitroSO phenyl- 
glyoine (Eng. Pat. 22694, 1913; D. R. P. 
268208). 


Basic safranine dyes result from the con- 
densation of nitrosomethyl-o-toluidine and m- 
aminbmethyl-p-toluidine, giving yellowish-red 
prints on cotton. A better method is to pro- 
duce these safranine dyes by oxidising a mixture 
of methy]-p-toluylenediaminc and mettiyl-w^- 
toluylenediamine (Durand, Huguenin a Co., 
Eng. Pat. 2933, 1915; D. R. P. 282346, 
287271).. 

Bayer & Co. claim the production of com- 
pounds of basic dyes of the safranine series by 
converting the dyes or their salts into the corre- 
sponding gallocarboxvlic acid salts (4). R. P. 
285500). ■ 

A somewhat fri'sh application of safranines 
IS given by the Saccharin Fabnk vorm. Fahlberg 
List & Co,, who claim the treatment of pheno- 
safranine and its hoinologucs with raerchry 
salts, the resultant mercurised safranines 
possessing therapeutic properties (D. R. P.* 
286097). 

Another therapeutic use for safranine deriva- 
tives is de.scribed by the Akt. Ges, f. Aniline 
I'ab. (Fr. I'at. 463357), who claim the prepara- 
tion of a substance by combining tolusafranine 
with tannin in hot 8 p.c, soda lye, and pre- 
(dpiiatmg the pitiduct with salt ; it forms a red 
powder slightly soluble in water, soluble in con- 
centrated sulphuric acid to a green solution. 
It has no jmrgative action, and may be used as 
a drug for the' treatment of trypanosoma and 
other protozoic infections. 

Finally, it should be noted that recent work 
by Green and others (Bor. 44, 2570 ; 45, 1955 ; 
46, .33 ; Proc. Chom. Soc. 28, 250, 1912 ; Chem. 
kSoc. Trans. 97, 2388) has proved that aniline 
black is a complex azine derivative {sec Anii.ine 
black). The indiilmcs and riigrosines are also 
complex derivatives containing azine nuclei 
[see INDULINES and Niorosines). * 

F. A. M, 

AZOBENZENE C^aH, oN^. A product of the 
partial reduction of nitrobenzene, obtained by 
Mitscherlich (Annalcn, 12, 311) by boiling an 
alcoholic solution of nitrobenzene with potash 
and distilling the product. • 

Preparation — Azobenzeue is obtained by 
acting with sodium amalgam (4-5 p.c. of 
sodium) on nitrobenzene dissolved in ether con- 
taining water (Wengo, Annalen, 135, 176 ; Alexe- 
jeff,J. 1864, 625; Rasenack, Ber. 5, 367); the 
product, according to AlexojofI (J. 1867, 603) is 
azobenzene or azoxybenzene, according as the 
sodium amalgam or nitrobenzene is in excess. 
On the largo scale azobenzene is prepared by the 
reduction of nitrobenzene in alcoholic solution 
with zinc-dust and aqueous soda. In this re- 
action the reduction tends to go further, and 
some hydrazobenzene is also obtained ; this, 
however, is readily oxidised to azobenzene if 
nitrous fumes are passed into the alcoholic solu- 
tion of the product (Alexejefi, J. 1867, 603). 
Azoben^ene can also be prepared by distilling 
azoxybenzene (1 part) with iron filings (3 parts) 
(Schmidt and Schultz, Ber. 12, 484) ; by heating 
nitrobenzene oii a water-bath with the calculated 
quantity (2 mola. j of stannoun chloride dissolved 
in excess of aqueous caustic soda (Witt, Ber. 
18, 2912); by reducing nitrobenzene in aiooholio 
solution with magnesium amalgam (yield 95 p.c.) 
(Evans and Fetsch, J. Amcr. Chem. Soo. 1904, 
1 1 168) ; by reducing ^ritrobenzeno with alkali 
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sulphide in the presence of alkali (Farb. vorm. 
Meister, Lucius, and Brflning, D. R. P. 216246, 
J. goo. Chem. Ind. 1909, 1310); by heating 
nitrobenzene with oharco«i and alkali (Farb. 
votm. Fried. Bayer & Co., D. R. P. 210806; 
Chem. ijientr. 1909, 2, 163); by treating phenyl- 
hydrazine with bleaching powder solution (Brun- 
ner and Pelet, Ber. 1897, 284). Azobenzene 
can be prepared by the electrolytic reduction 
of nitrobenzene in the presence of alkali (Elbs 
and Kopp, J. Soc. Chem. Ind. 1898, 1137 ; Lob, 
Ber. 1900, 2329 ; Farb. vorm. Fried. Bayer & 
Co., D. m PP. 121899 and 121900; Chem. 
Zentr. 1901, 2, 153 ; Farb. vorm. Moist^r, 
Lucius and Brfining; D. R. P. 141535; Cbem. 
Zentr. 1903, (i.) 1283 ; and Farb. vorm. Weiler- 
ter-ftjieer, D. R. P. 138496; Chem. Zentr. 1903, 
(i.) 372). 

PfoperO'es.— Azobenzene crystallises in large 
yellowish-red crystals belonging to the mono- 
clinic system (Boeris, R. Aocad. Linoei, [5] 8, i. 
675), and to the rhombic system ( Aleiejeff, Chem. 
Soo. Abstr. 42, 965) ; melts at 68^^, boils at 293®, 
and is readily soluble in alcohol and ether, in- 
soluble hi water. From benzene it crystallises 
with benzene of crystallisation in rhombic prisms, 
which' lose benzene on exposifl'e to the air. 
Weak reducing agents, such as ammonium sul- 
phide or zinc-dust in alkaline solution (Aioxeieff, 
Annalen, 207, 327) or phenylhydrazine (Walther, 
J, pr. Chem. 1896, 54, 433), convert azobenzene 
into hydrazobenzene, but benzidine is obtained 
when stronger reducing agents such as sul- 
phurous acid or hydrogen iodide are employed 
(Bordenstein, D. R. P. 172569; J. Soo. Chem. 
Ind. 1907, 272), or the alcoholic solution is 
treated in the cold with stannous chloride and 
a little eulphurio acid (Schultz, Ber. 17, 464 ; 
Mentha and Ifeumann, Ber. 19, 2970). Azo- 
benzene can also be electrolytioally reduced to 
benzidine (Lob, Ber. 1900, 2329 ; when heated 
with ammonium hydrogen sulphite and alcohol 
under pressure, it is converted into benzidine- 
sulphamic acid (Spiegel, Ber. 18, 1481). When 
melted with p-phenylenediamine in the 
presence of ammonium chloride, it yields a 
soluble induline dye (Farb. vorm. Fried. Bayer 
& Co., I). R. P. 63198 ; Ber. 1891, Ref. 137). Azo- 
benzene yields a mixture of mono , di-, and tri- 
nifrroazo benzenes when treated with fuming 
nitric acid (Gerhardt and Laurent, Annalen, 75, 
73; Janovsky and Firb, Ber. 18, 1133; 19, 
2167; Janovsky, Monatsh. 7, 124 ; Werner and 
Stiasny, Ber. 1899, 3256): ordinary sulphuric 
acid dissolves it without alteration, whilst 
the fuming acid at 130® converts it into 
azObenzenemonosulphonic acid (Griess, Annalen, 
164, 208 ; Janovsky, Monatsh. 2, 219) ; 

chromic acid oxidises it to carbon dioxide 
and nitrogen (Be Coninck, Compt. rend. 1899, 
.128, 682). The bromine derivatives of azo- 
benzene have been examined by Werigo (Anna- 
len, 166, 189), Janovsky (Z.c.), and MiUs (Chem. 
Soc. Trans. 1894, 61). 

AZOBENZENE RED v. Azo- coloubino 

ItATTXBS. 

AZO-BLACK or NAPHTHOL BLACK v. Azo- 
ooLomnso mattebs. 

AZOJ^DE V. Azo- COLOUBINO matters. 

AZO CdbClNE t;. Azo- COLOUBINO MATTERS. 

AZO ^LOURING MATTERS. 

ffistory . — ^The colouring matters of this 


class contain one or more azo-groups— N ; N— 
linking together aromatic radicals. The typical 
parent suCstance frojn which these compounds 
may be regarded as being derived is azobenzene. 
C,TT 5 *N;N'CbTT 5 , which has been known since 
the year 1834 (Mitscherlich, Annalen, 12, 311). 
The basic and acid derivatives of azobenzene 
are all colouring matters, the amino- derivative, 
nminoazobenzene, having been the first of 
these compounds which was prepared and intro- 
duced into commerce on anything approaching 
a large scale by the firm of Simpson, Maule, and 
Nicholson in 1863. This substance was pre- 
pared by the action of nitrous gases on aniline 
di.sBolved in alcohol, and was known in the 
market by the name of ‘ aniline yellow,' the 
true constitution of the colour being at the time 
unknown. The introduction of the first azo- 
colour into commerce is thus due to the firm 
above mentioned, although the production of 
the colour itself appears to have been previously 
observed by M^ne \Compt. rend. 1801, 62, 311), 
Luthringcr (Fr. Pat. 60901, Aug. 30, 1861), 
and Griess (Annalen, 1862, 121, 262, note). 
The first researches on the diaro- compounds 
(as distinguished from azo- compounds) were 
published in 1858 by Griess (Annalen, 106, 123), 
who in 1802 discovered a compound produced 
by the action of nitrous acid on aniline, to which 
he gave the name of * diazoamidobenzol ’ 
(Annalen, 131, 267). The latter was, however, 
a true diazo- compound, and on comparing it 
with the ‘ aniline yellow ’ of commerce it was 
found that the two substances were isomeric, 
a discovery which led to the establishment of the 
true formula of aminoazobenzene by Martius 
and Griess in 1866 (Zeitsch. Chem. N. F. 2, 132). 
In this same year a brown dye was sent into the 
market by the firm of Roberts, Bale, and Co., 
of Manchester, and this colouring matter (known 
as Manchester Brown, Vesuvine, Phenylene 
Broira, or, more generally, Bismarck Brown) 
was investigated by Caro and Griess, and 
identified as an azo- compound in 1867 (Zeitsch. 
Chem. N. F. 3, 278). These chemists regarded 
it as triammoazobenzeno, but G. Schultz 
(Chemie des Steinkohlentheers, 2nd ed. 2, 193) 
showed that it is benzene- 1 : S-disazophenyl- 
enediamine. This compound still occupies an 
important place in the tinctorial industries, 
whilst the earlier known aminoazobenzene 
(aniline yellow) has been completely abandoned 
on account of its fugitive character. It is, how- 
ever, used in the preparation of other azo- 
colouring matters and indulines. In 1876 a 
beautifully crystalline orange colouring matter 
made its appearance as a commercial product 
under the name of ‘ chrysoldine,* its composi- 
tion and constitution having been established 
by Hofmann (Ber. 1877, 10, 213), who showed 
that it was diaminoazobenzene. This colouring 
matter was discovered almost simultaneously by 
Caro and Witt, independently, in 1876, but was 
first introduced into commerce by the latter, 
the manufacture having been carried out by 
the firm of Williams, Thomas, and Bower, of 
Brentford and Fulham. 

The manufacture of chrysoldine was the 
first industrial application of Griew's discovery 
of the diazo- compounds, the colouring matter in 
question being prepared bv the action of a diaeo- 
•alt (diazobenzene chloride) on m-phenylene- 
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diamine, and this manufacture was soon 
followed by the appearance of acid azo- com- 
pounds prepared by the action of diaz^ulphonio 
acids on phenols. The typical parent substance 
of these acid azo- colours may be reearded as 
hydroiyazobenzene, CjHi’Nj’CjH^ OH, which 
wfui first prepared by Griess in 1864 (Phil. Trans. 
163, 679). The general method by which the 
azo- colours are now prepared is an application of 
the reaction between diazo- salts and phenols 
in alkaline solution, first made known by Kekul^ 
and Hidegh (Ber. 1870, 3 , 233), the first colouring 
matters of this class having been introduced by 
Witt under the name of ‘ Tropseolines ’ (Chem. 
Soo. Trans. 1879, 36, 179), and simultaneously by 
Poirrier, of St. Denis, under the designation of 
‘ Orange ’ of various brands. Since the first 
appearance of the acid azo- colours immense 
numbers of these compounds have been sent 
into commerce under various designations, the 
firs^T) patent having been taken out by Griess m 
1877 (E. P. 3698), and being quickly followed 
by others, which vrill be referred to in due order. 
Of the acid azo- colours described in the earlier 
specifications, the most successful from an 
industrial point ot view were those manutactureii 
by the Badische Anilin-.und Soda-Fabnk (Ber. 
1879, 12, 1364), and by Meister, Lucnis, and 
Briining, of Hbehst {ibid. 144). 

The next step of importain^ in the industrial 
history of the azo- colours was the introduetion 
of disazo- compouids, containing two azo- groups. 
The typical compound of this class is benzeueazo- 
benzeneazophqnol C,H 5 *Nj-CjH 4 -N,-C<,H 4 -Oir, 
discovered in 1877 by Caro and Schraube (Ber. 
10, 2230). In 1879 appeared the ‘ Biebrich 
scarlet’ of Nietzki (Ber. 1880, 13, 800, 1838), 
which was introduced by the firm of Kalle & 
(jO. of Biebrich This dyostuff is prepared by 
combining diazotised aniinoazobonzenodisul- 
phonic acid with /3-naphthol, and was the first 
of the secondary disazo- compounds. The first 
primary disazo- colouring matter, ‘ Resorcin 
brown,’ was discovered in 1881 by Wallach, 
who combined two molecules of a diazo- com- 
pound (m-xylidine and sulphanUic acid) with one 
molecule of a phenol (resorcinol)'. In 1884 a 
very important discovery in the history of azo- 
oolouring matters was made by P. Bbttigor, who 
found that the disazo- compound obtained by 
fcombining the tetrazo- salt prepared from 
benzidine with naphthionio acid possessed the 
valuable property of dyeing cotton direct, with- 
, out the use of a mordant. This colouring 
matter was put on the market by the Aktienge- 
sellsohaft fiir Aniliufabrikation, under the name 
of * Congo red.' This discovery has given rise 
to the production of a very large number of 
similarly constituted colouring matters, w^hich 
appear on the market under the names of benzo-, 
Congo-, diamine-, and other dyestuffs. In the 
following year another important development 
was announced by the introduction of the first 
satisfactory black azo- colouring maUer (naph- 
thol black) for wool. This was discovered by 
Hoffmann and W^einberg, and placed on the 
market by L. Cassella & Co. In 1887 A. G. 
^ Green found that primuline, which he had dis- 
covered, dyed cotton direct, and thajb the yellow 
colouring matter when thus dyed om the fibre, 
could be diazotised and combined (developed) 
with /3-naphthol, m-phenylenediamine, and 


similar ‘ developers,’ thus giving rise to a series 
of new azo- dyestuffs (InCTain colours). This 
discovery led to the manufacture of many azo* 
colouring matters which were capable of being 
similarly diazotised and develop^ on the fibre 
{e.g. diamine black), as also to the prodlAJtion of 
azo- colouring matters on the fibre by treating 
the fibre already dyed with an azo- colour with 
a diazo- compound [e.g. benzonitrol colours). 
In both cases darker and faster dyeings are 
obtained. 

The first direct cotton black (diamine black, 
RO) was discovered in 1889 by Gaffe (Cassella 
k Co.), and in 1891 Hoffmann and Daimler 
prepared the fiiot green colouring matter of this 
kind (diamine green). 

A modified method of the process introduced 
in 1880 by Read Holliday and Sons, of producing 
insoluble azo- colouring matters directly on tj|^ 
fibre, has been largely developed of late years. 
The first example of this, viz. the combination 
of diazotised p-nitroaniline with j8-naphthol 
(‘ paranitraniline red ’) still holds the place of 
greatest importance. 

Manvfaciure.— The general method of pre- 
paring the azo- colours on a large scale depends 
upon the reaction between a diazo- salt, flsually 
the chloride, and a phenol or phenolsulphonio 
aoid in presence of an alkali, as typified by the 
following example : — 

C.Hj-N.CH-CaHj'ONa 
Dlazobeiizene Soiliura 
chloride. pheooxide. 

«C,H,-N,'C,H 40 H+NaCl. 

Benzeneazophenol. 

Aminosulphonio acids or aminocarboxylio 
acids when diazotised react in a similar manner : 


DiazosulphanlUc Sodium 



Sulphobenzeneazophenol (sodium salt). 

Preparation of the diazo* salts . — The amine 
to be diazotised is usually dissolved in about 
10 parts of water and one e^quivalent of hydro- 
chloric (more rarely sulphuric) acid. For 
diamines twice this amount of acid is taken. 
The solution ‘ is now cooled by adding ice until 
the temperature is, in the case of aniline, the 
toluidines, the lylidines, &c., 0*--2®, or, in the 
case of the naphthylamines, the nitroanilines 
and diamines such as benzidine, tolidine, 
dianisidine, &c., 6°~10®. This is done by adding 
ice to the solution. More acid (1^2 equiva- 
lents) is now added (or 3-4 in the ease of 
diamines), and a solution of the oalouJated 
quantity of sodium nitrite is run in, suflBoient 
being used to give a reaction with starch-iodide 
paper after the whole has been mixed for two 
or three minutes. (For velocity of diazotisation, 
see Hantzsch and Schumann, Ber. 1899, 32, 
1691 ; Schumann, ibid. 1900, 33, 527 ; Taasilly, 
Compt. rend. 1913, 157, 1148; 1914, 168, 336, 
489). In certain cases {e.g. a-naphthylamine, 
p-nitroaniline, See.) it is netter to add the 
nitrite all at once in order to avoid the formation 
of the diazoamino- compound. In diazotiumg 
such compounds as give an insolulffe diazo- 

' Some of the dlazosulphonic acids, such as dlaio* 
Daphthlonlc acid, are insolubla in water, and are tbera* 
fore employed in a state of suspension. 
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derivative, as, for example, p-Bulphobenzeneazo- 
a-Haphthylamine* or p-aoetylarainobenzeneazo- 
a-naphlhylamine, and which themselves are 
insoluble in acids (under the above conditions) 
it is advisable to use an excess of nitrite and 
to stit the ice-cold mixture for several hours. 
Special methods have to be employed to diazo- 
tise amines containing sev oral negative groups ; 
the operation may often be effected by carrying 
it out m the presence of excess of 50 p.c. sul- 
phuric acid, and Witt has sliown (Ber. 1909, 
42, 2953) that’ diazotisafion is easily brought 
about iiF these cases by employing strong 
nitric acid. Other substances which are difficult 
to diazotise satisfactorily are those which are 
readily oxidised by the nitrous acid, such as 
the, 1:2- and the 2 : l-aminonaphthols and 
their sulphonic acids. In this case the diazotisa- 
^tion may be done in the presence of zinc or 
copper salts (compare E. P. 10235 of 1904 ; 
D. R. P. 171024, 172440 ; F. P. 353780) or by 
means of zinc nitrite. Another method is to 
diazotise in presence of an excess of acetic or 
oxalic acid (compare IJ. R. P. 155083, 175693, 
also E. P. 2941) of 1890). 

Difficulties are often encountered in en- 
deavouring to diazotise certain diamines. 
o-Phenylene- and tolyleno-diamines cannot bo 
diazotised, as they yield the azimino- derivatives, 
and, under the usual conditions, the meta- 
diamines furnish Bismarck bro>m ; but if the 
diamine is run into a mixture of nitrite and acid 
the tetrazo- comjiound may be obtained (Griess, 
Ber. 1886, 19, 317 ; Tauber and Walder, Ber. 
1897, 30, 2901; E. P. 1593 of 1888; D. R. 1*. 
103686). In the case of p-phen\ lonodiamine 
and certain diamines of the naphthalene series 
diazotisation is brought about indirectly, as the 
direct action of nitrous acid often loads to a 
mixture of tlie mono- with the bis-diazo- (or 
tetrazo-) compound. Either the corresponding 
nitroamine or the monoacetylatcd diamine 
is employed. This is diazotised and combined 
with a component in the usual way [see below), 
and then the nitro- group is reduced or the acetyl 
group hydrolysed when the free amino- group 
can then readily be diazotised. Some diamines, 
indeed, can only be diazotised as regards one 
amino- group, the other being quite uiiattacked. 
In such oases [e.g. o-nitro-p-phonylenediamine, 
r : 4-naphthylenediamine-2-sulphonic acid — the 
latter being diazotisable only in acetic or oxalic 
acid solution) the moriodiazo-salt is combined 
^vith a component and then the remaining 
amino- group, which before resisted all attempts 
at diazotisation, is easily diazotised (compare 
Billow, Ber. 1896 29, 2285; E. P. 2946 of 1896). 
(For further information on this subject, see 
Cain, The Chemistry and Technology of the 
Diazo- Compounds, Arnold, 1920.) 

Combtnaiton [coupling) of the diazo- campound 
with a component [phenol or nmine) to form an 
azo- dyestuff.^ — Before the diazo- solution is pre- 
pared^ solution of a phenol or amine is made 
reedy so that no delay may occur before coupling 
teires place. As a general rule, phenols aie 
OOitibined in alkaline and amines in acid (acetic) 
sdiutioii. In the case of phenols or naphthols 

For the meclianism of the reaotlou, see Charrier 
Gaze. chim. ital. 1914, 44, 'ii. 503 ; Auwers and 
^ MlohaeUs, Ber. 1014, 47, 1276 : Meyer, irschtek and 
BohUhlser, ibid, 1741 ; and K^rer Ber. 1915, 48, 1898. 


the substance is first dissolved in the calculated 
amount of sodium hydroxide, the solution dilated 
with wfier, and sodium carbonate added in 
sufficient quantity to ensure an alkaline reaction 
being obtained at the end of the combination 
(t.c. a little more than one molecule of sodium 
carbonate to each molecule of hydrochloric 
acid, 86 that stMium hydrogen carbonate may 
be formed). When phenolic sulphonic acids 
are the components, they may be dissolved ip 
sodium carbonate instead of hydroxide. The 
phenolic solution, having been cooled to about 
10®, 13 now ready, and the diazo- solution is 
run in gradually with constant stirring. Com- 
bination takes place at once,» and when 
all the diazo- solution has been added, the 
mixture must be tested to ensure an alkaline 
reaction, and the presence of a slight excess 
of the phenol (about 2-5 p.c. excess of the 
theoretical amount is usually taken). The 
next day the colouring matter is filtered through 
filter presses. If it' has separated out, no further 
treatment is necessary, but if it is still partly 
or wholly in solution, it is ‘salted out ' (hot or 
cold) adding common salt until a spot on 
filter paper shows only a faintly colourM rim. 
In rare cases the precipitation is effected by^ 
acidifying. I’he filtration is best effected by 
the aid of compressed air and the press cake 
is spread on trays and dried. The dry lumps 
are then ground in a mill, adjusted to * type * 
or ‘ standard ’ by means of common salt, sodium 
sulphate, &o., and the product is then ready for 
the market. In cases where the possibility of 
the formation of a disazo- dyestuff is present 
(dihydroxy- compounds, a-naphthol, &c.), the 
coupling may advantageously bo carried out in. 
acetic acid solution. 

The procedure adopted in the case of amines 
13 very similar to the above. The amine is 
first dissolved in the appropriate amount of 
hydrochloric acid, the solution diluted and 
sufficient sodium acetate added to ensure that 
no free mineral acid remains at the end of the 
combination (in rare cases coupling is effected 
in mineral acid or alkaline solution). When 
the combination is complete, the dyestuff is 
filtered off either as it is or after having been 
rendered alkaline. 

Many disazo- dyestuffs are prepared by com- 
bining two molecules of the same or different 
diazo- compounds with an aminonaphthol- 
sulphonic acid. In this case combination is 
effected first in acid solution and then the^ 
monoazo- dyestuff thus formed is rendered^ 
alkaline, and the second molecule of diazo- 
comjpound added. 

Position assumed by the azo- group in the 
formation of azo- colouring matters. — (o) Benzene 
series ; When the para- position with resj^t to 
the amino- or hydroxy- group is occupied by a 
hydrogen atom, and no group, such as NO,, 
SO5H, or NR3CI, is in the meta- positioUi the 
azo- poup enters the para- position in place of 
the hydrogen atom. . (6) Naphthalene series ; 
In corresponding compounds of the naphthalene 
series (a-naphthylamine, a-naphthol) the enter- 
ing azo- group also takes up tne para- position, 
but when,, in a-naphthol, a sulphonic group is 
in the 3- or 5-position with respect to the 
> For the formation of diazo-oxy/ comj^u&dt, «Ma 
paper by Dimroth and Hartmann, Ber. 1906, 41, 40iS. 
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hydroxv group, or a nitro- or NRjCl- group is 
in the 3. position the azo- group enters the 2> 
position. • 

When the pat a- position is substituted, 
the azo- group enters the ortbo-(2)- position, 
but if the para- substituent is a carboxy- 
group, this is usually displaf'ed by the azo- 
group. • 

When diazo- compounds act on j8-naphthyl- 
amine or ;8-naphthol. the azo- group enters 
position 1 (in the ortho- position with respect 
to the amino- or hydroxy- group). If the 

1- position in jS-naphthol is occupied by a carb- 
oxy- group, this la displaced (compare also 
Scharwin and Kaljanoff, Bor. 1908, 41, 2056 
and article on Disazo- and Tetrazo- colour- 
INO MATTERS). 

Differing capacity for conihinalion.—As will 
have been gathered from the preceding para- 
graph, the azo- group never enters the mota- 
position with respect to an amino- or hydroxy- 
group. Further, a compoifbnt in which the para- 
poaition is occupied by a substituent group is 
not so readily attacked (in the ortho-. position) 
as one that is not Bubstitutod (when the azo- 
group enters the para- position). Moreover, the 
capacity for combination depends also on the 
kind of diazo- compound emjdoycri, thus 2- 
naphthol-8-8u] phonic acid and 2-naphthol- 
6 : S-disulphonic acid in dilute solution do not 
combine at ail with diazotised xylidine or 
naphthylamlnL, whilst diazotised aniline, amino- 
azobenzene, aminoazobonzouesulphonic acid and 
naphthylaipinesulphonio acids couple easily 
with them. The combination with diazotised 
xylidine and naphthylamine can, however, be 
made ^ to take place in concentrated solution. 
The diazo- compound of p-nitroaniline, in most 
oases, combines with extreme ease. Finally, 

2- naphthylamine-6 ; 8-disulj)honic acid does 
not combine with any diazo- compound. (Foi 
measurement of the rate of formation of dye- 
stuffs, see (hddschraidt, Ber. 1897, 30, 670, 
2076; 1899, :)2, 356; 1900, 33, 893; 1902, 35, 
3534; Veley, Trans. Chem. Soc. 1909. 95. 
1186.) 

CoiLsidcring now the formation of azo- 
dyestuffs from tetrazotised diamine.'t, it should 
bo noted that diamines of tlie type of bcnzi<linc 
furnish tetrazo- compounds which can either be 
combined with two molecules of ont. component 
(phenol or amine) or with one molecule each of 
two components, and the reaction can thus be 
divided into two stages. This holds good even 
when one oompouent only is used; thus tetrazo- 
tised benzidine combines almost at once with 
one molecule of naphthionio acid, forming a 
so-called intermediate product ; but the second 
molecule of naphthionio acid combines with this 
only slowly. Here also a difference in combining 
Jwwer is to be noted, thus tetrazotised benzidine 
combines more readily than does the correspond- 
ing compound from tolidiue. 

General propeHies.--[l) Action of alkalis. 
Hydroxyazo- dves containing a sulphonio or 
carboxylic grbup usually form differently 
coloured salts, and consequently the addition 
of sodium hydroxide to their solutions produces 
« modification in the shade (gjmpare Hewitt 
4nd^ J^tohell, Trans, 1907, 91, 1261). The 
isomeric colouring matters prepared from 


a- onj /9-naphthol show a characteristic differ- 
ence in that only those derwed from the former 
are ehapged by sodium hydroxide {e.g. beuzo- 
azurine, &c.). 

(2) Action of cold dilute acids. Dyestuffs 
containing amino- or substituted amipo- woups 
aenerally undergo a change when tr^atea-witb 
(liluto acid (compare Fox and Hewitt, Trans, 

1908, 93, 333 ; Hewitt and Thomas, ibid 

1909, 95, 1292 ; Hewitt and Thole, ibid. 1909, 
96, 1393; 1910,97,611). In the case of Congo 
rcd*and methyl orange this change is so pro- 
found that these colouring mattej^ can be used 
as indicators. 

(3) Action of cold concentrated sulphuric 
acid. Nearly all azo- colouring matters give 
characteristic colour changes with this reagent, 
and it is often used as an aid in the detection 
of dyes. Mixtures of dyes, when covered with 
sulphuric acid, often reveal themselves bj^tho 
various colours produced by the particles as 
they become dissolved. There are certain re- 
lationships between the colour of the solution 
of azo- djfcca in sulphuric acid, and therefore of 
their absorption spectra and their chemical 
constitution. Thus the dyestuff from amino- 
azcdicuzenesulphonio acid and ;8-naphthol gives 
a green colour, those from the same ((fiazotised) 
amine and fi-naphtholsulphonic acids, a blue, 
and those from aminoazo benzene and its 
hornologues combined with /3-naphthoIsulphonio 
acids a red violet (compare Ber. 1880, 13, 1840 ; 
Vogel, Sitzungsbcr. K. Akad. Berlin, 1887, 34, 
716; Ber. 1889, 22, 634, 2062; Schutze, 
Zeitsch. physikal. Chem. 1892, 9, 2; Grebe, 
Diss. Leipzig, 1892). 

(4) Action of hot hydrochloric acid. Certain 
azo- colourmg matters, such as, for example, 
aminoazobenzene, are decomposed when boiled 
with concentrated hydrocldofic acid ; reduction 
and oxidation take place accompanied by 
chlorination. In the instance quoted phenyl* 
enediamine, aniline, and benzoquinone or its 
chloro- derivatives are produced (Wallach and 
Kbllikcr, Ber. 1881, 17, 395), 

(6) Action of hot sulphuric acid (Witt, Bor* 
1887, 20, 671). Azo- colouring matters which 
are derived from phenyl- or tolyl-j8-naphthyl- 
amine by the action of diazo- compounds on 
these bases, when boiled with moderately 
dilute sulphuric acid, yield the bases, or their 
Bulphonic acids, from which the diazo- compound 
was prepared, together with naphthazines. 
Thus the dyostun obtained by combi nin g 
diazotised sulphanilio acid with phenyl-)B- 

I naphthylamine, is decomposed into sulphanilio 
acid and phenonaphthozino : 

I SO»H C,H*-N,-CioH,-NH C,H, « 

(6) Action of nitric acid. Azo- colouring 
matters are readily attacked by nitric acid, 
and the course of the reaction depends largely , 
on the conditions of temperature and concentra- 
tion. By the moderate action of nitfio acid, 
the dyestuff may simply be nitrat^, thus 
diphenylamine orange yields ourcumeine and, 
by further action, azo- acid yellow, the dyestuffs 
in both cases, however, being aciAmpanied by 
some nitrodiphenylamine produced 1^ tiie 
fission of the azo- group. Also when uvasd 
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(diaxotiiied toluidine combined with aalicylio 
ftoid) ja nitrated, it yields Persian yellow (o-nitro- 
tolueneazosalioylio acid) (compare Ber. 1906, 40, 
4207). 

Methyl orange is decomposed even by cold 
dilute nitric acid ; a methyl group is eliminated 
in the j^'ooess, and dinitromonomethylaniline 
is produced. The presence of a diazo- compound 
can also be detected (Fox, Ber. 1908, 41, 1989). 

Cold fuming nitric acid decomposes many 
azo- colouring matters (particularly those con- 
taining an amino- or hydroxy- group in the 
para- positioji with respect to the azo- group), 
with the production of the diazo- compound 
from which the dye is prepared and the nitro- , 
derivative of the other component ; thus, 
orange II yields diazotised sulphanilic acid and 
a nitre- derivative of j8-naphthol, whilst methyl 
orange gives op-dinitrodimetliylaniinie, tetra- 
nit^odimethylamJine and diazotis(;d sulphanilic 
acid (0. Schmidt, Ber. 1905, 98, 9201). 

Certain hydroxyazo- compounds combine 
with two molecules of nitric acid forming un- 
stable nitrates (Charrier and Fergeri, (lazz. 
chim. ital. 1913, 49, ii. 148; 1914, 44, i. 120, 
166, 406). 

Finally, warm nitric acid usually decomposes 
azo- dyhstuffs, with the production of nitro- 
phenols or bases. 

(7) Aclwn of chlorine and bromine. All azo- 
colouring matters are readily attacked by 
chlorine or bromine. Fission generally takes 
place at the azo- group with the production of 
halogenated phenols (compare Schmidt, J. pr. 
Chem. 1912, (ii.) 85, 295), but some dyestuffs are 
converted into substitution products (compare 
Ber. 1884, 17, 272). 

(8) Adion of reducing agents. Reducing 
agents, such as zinc-dust and water, zinc-dust 
and ammonia, or sodium hydroxide, zinc-dust 
and dilute acids, tin and hydrochloric acid, 
stannous chloride, a solution of sulphur in 
sodium Buljihide (Cobenzl, Chem. Zeit. 1916, 39, 
869), or sodium hyposulphite (technically known 
as ‘ hydrosulphite ’) (Crandraougin, Ber. 1900, 
39, 2494, 3601, 3929 ; compare also J. pr. Chem. 
1907, (ii.) 76, 124 ; Franzen and Stieldorf, J. 
pr. Chem. 1907, (ii.) 70, 467 ; 0. Fischer, 
Fritzen and Eilles, J. pr. Chem. 1909, (ii.) 79, 
562) attack the azo- group and convert it into 
twiy amino- groups ; thus : 


NHj^CeH^-N : N*C.H6+2H., 


The base which was used to provide the diazo- 
compoimd is thus regenerated, whilst the 
other component is converted into its amino- 
derivative. 

By careful reduction with zinc-dust, dyestuffs 
obtained by the combination of diazotised 
aminoazobenzenesulphofiic acid with phenols 
yield the aminoazosulphonic acid without the 
latter undergoing reduction. Further, nitro- 
azo- dyestuffs can be reduced to the correspond- 
ing aminoazo- dyestuffs with sodium sulphide. 
The reduction of azo- dyestuffs is a useful 
meana of attaCkmg the problem of their con- 
stitution, although the operation requires 
consiiJerable care (compare Witt, Ber. 1886, 
19, 1719; 4888, 21, 3468, and especially the 
references quoted in connection with reduction 
by hydrosiuphite). 


I Azo- dyestuffs are also readily reduced by 
titanous chloride, and a process for their eatima- 
' tion by titration with this reagent has been 
worked out by Knecht (J. Soc. Dyers, 1903, 
19, 169; Ber. 1903, 36, 166, 1549; 1907, 40. 
3819). A detailed account of the method of 
carrying out this and other methods of reduc- 
tion ^ will be found in Knecht and Hibbert’s 
New Reduction Methods in Volumetric Analysis 
(Longmans). 

{^d) Action of sodium bisulphite. When boiled 
with aqueous-alcoholic sodium bisulphite solu- 
tion, hydroxyazo- colouring matters give 
sulphurous esters, the hydroxyl group being 
converted into O'SOgNa (Vuroshcov, J. Russ. 
Phys. Chem. 8oc. 1911, 43, 771 ; 1915, 47, 
16()9 ; published m French in Ann. Chim, 
1916, fix.] 6, .381; 1917, 7, 50). In aqueous 
solution fission takes place (Lepetit and Levi, 
Gazz. chim. ital. 1911, 41, i. 675). 

Identification of azo- colouring matters on 
the fibre. This is cairied out by observing the 
action on the dyed fabric of various reagents, 
for which various tables have been constructed 
(compare Cam and Thorpe, The Synthetic 
Dyestuffs, 4th ed. J918; Lunge, Chemisch- 
technische Uutersuclmngensmctlioden, Eng. 
trams., edited by Keane, 1911 ; Green, The 
Analysis of Dyestuffs). 

Dir ed format ion vof azo- colours in the fibre.— 
'I'he production of an insoluble azo- dyestuff in 
the fibre was first achieved by T. and R. Holliday 
(E. P. 2767 of 1880), who impregnated the fibre 
with a- or d-naphthol, passed it then through 
a diazo- solution, and finally developed the 
colour by treatment with alkali. An improve- 
ment on this process was introduced by the 
Farbwerke vormals Meistor, Lucius und 
Briining, in 1889, which consisted in ‘ padding ’ 
the fibre (generally cotton) with the sodium salt 
of a phenol (usually /3-naphthol), and passing 
the cloth through a diazo- solution, the free 
mineral acid of which has been neutralised by 
adding sodium acetate. This process is very 
largely used at the present day, and is applied 
to the greatest extent to the production of the 
so-callod ‘ para-red ’ (the azo- colour obtained 
by combining diazotised p-nitroaniline with 
j3-naphthol). The colouring matters produced 
in this way will now be described. 

Paranitraniline Red. The colouring matter 
was first prepared in substance by Meldola (Chem. 
Soc. Trans. 1885, 47, 657) by combining diazo- 
tised p-nitroaniline with 3-naphthol in alkaline 
solution. As stated above, it is now almost 
entirely produced on the fibre. The goods are 
soaked in a bath containing sodium j8-naphth- 
oxide and Turkey ^red oil, or thickening materials, 
squeezed out and dried at 66®-80*. They are 
then passed through the diazo- solution, washed 
and soaped. In order to avoid preparing the 
diazo- solution in the dye-house, various pre- 
parations may be used. Thus, Paranitraniline 
extra N paste is a mixture of p-nitroaniline 
with the calculated amount of sodium nitrite, 
and needs only to be stirred slowly into the 
necessary quantity of hydrochloric or sulphuric 
acid, ice, and water, to produce the diazo- 
solution. A similar product is Benxonitrol 
I ’ For the estimation with sodium hyposulphite, 
see Graudmougin and Havas, Chem. Zeit. 1012, 86, 
' 1167 , 



pasta, OfchM preparations contain the diazo- 
oompound in a suitable form for keepimr 
Thus, Kitrosamine Red is the sodium salt of 
p-nitroo7rf»diazobenzene (which is very stable) 
and furbishes the Jrue diazo* solution when 
mixed with dilute acid. Azophor Red, Azogen 
Red and Nitrazol C, are mixtures of the diazo- 
sulphate with sodium sulphata (whereby sodium 
hydrogen sulphate is produced) ; they are dis- 
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Bolved m water, the solution filtered, if necessary, 
and neutralised before use with sodium acetak* 
or hydroxide. Paranii is a stable compound of 
diazotisod p-nitroaniline and naphthaJene-;8- 
sulphonic acid. Paranitraniline rod is used as a 
substitute for the red Congo dyestuffs and for 
Turkey red. It is extracted from tlio fibre when 
treated with organic solvents, and when the 
fibre is heated to 180®-200* the dyestuff partly 
sublimes. (P’or the formation of paranitranihne 
red, see Pomeranz, Zoitsch, Farben. Ind. 1900, 
6, 184 ; Erban and Mebus, Chem. Zeit. 1907* 
31, 603, 678, 687 ; Lichtenstein, Zeitsch. 
Elektrochem. 1908. 14, 686 ; Prud’homme and 
Colin, Rev. Gen. Mat. Col. 1009, 13, 1, 60; 
Bull. Soc. chiin. 1909, (iv.) 5, 779; Buchercr’ 
and Wolff,, Zeitsch. angew. Chem. 1909, 22, 731 ; 
Justin-Mueller, Bull. Soc. chim. 1910, (iv.) 7, 60.) 
When in the form of a lake it is known as 
Pigment Red G (M.i); Autol Red BGL (B.) - 
Sitara Red (T. M.). . 

Metanitraniline Orange and Nitro-o-toiuidine 
Orange. Preparf'd as above from diazotised 
wi-nitroaniline or p-nitro-o-toluidine and fi- 
naphthol. The former gives yellowish and tbe 
latter reddish shades of orange. 3’heir use is 
not very extensive, as they are not fast to 
rubbing, and the colours sublime on keeping. 
An orange free from these disadvantages can, 
however, be obtained by using w-nitro^p- 
phenetidine. 

Nitro-o-toiuidine orange, in the form of a 
lake, is sold as Pigment Orange R (IvL) : Fast 
Orange (By,). 

Nitrophenetidine Rose or Blue-red, Hero 
o-nitro-p-phenetidine is used as the diazotised 
base. 

Azophor Rose A (M.) is the stabilised diazo- 
oompound of o-anisidine. The compound of 
diazotised o-anisidine and ^-naphthol is used as 
a lake under the names Pigment Purple A (M.) • 
Sudan R (A.). r » 

Naphthol Rose is the stabilised diazo- com- 
pound of p-nitro-o-anisidine. 

• Literature.~E. P. 26756 of 1897 { D. R. P. 
98637 ; F. P. 271998. 

Chloranlsldlnc Scarlet (M.) is produced on 
the fibre by the aid of diazotised 2 >-chloro-o- 
anisidine. 

Naphthylamine Bordeaux. Prepared on the 
fibre from diazotised a-naphthylamine • and 
B'UaphthoL The dyestuff, is used also as a 
pigment colour unaer the names Carminaph 
G^inet (D. H.), Cerotlne Scarlet 2 R (C. J.), &c. 

A»> Turkey Red is produced by treating cloth 
padded with jS-naphthol with diazotised fi- 

, ^ See p. 458 for the full names of firms of which 

these letters are a contraction. 

* Finely ground a-uaphthylamine sulphate is sold 
as a-Naphthylamlne salt S, and a stable compound 
of diazotised a-naphthylamlne with a-naphthalene- 
dlsulphunic acid as Naphthol garnet oO p.o. paste. 


naphthylamine. It is a bright scarlet, which, 
however, is not very fast. 

Fast Azo Garnet. Prepared from diazotised 
o-aminoazotoluene and 3-naphthoL It is also 
manufactured in substance and is used for, 
colouring oils and varnishes under the^* names 
Oil Scarlet (M) (K) (W), Red B, Oil soluble, 
extra cone. (Remy), Cerotlne Ponceau 3 B 
(C. J.), and Fat Ponceau R (K). 

Benzidine and Tolldlne Puce. Obtained from 
tctrazotised benzidme or tohdine and ;3-naphthol. 
Dark garnet to brown shades are produced which, 
however, are not fast to light. Rather yellower 
shades result by usmg tetrazotisod diaminocar- 
bazole mstead of these diamines ; when treated 
with copper salts the tints are very fast to 
light. 

Dlanisidlne Blue* Tetrazotised dianisidine 
la combined on the fibre with jS-naphthol in 
presence of copper salts. The tetrazo-comppuna 
IS also put on the market as Azophor Blue D, 
a mixture of the tetrazo- compound and alu- 
minium sulphate which has been dried in a 
vacuum at ^5'’. The colour is very fast to 
light, soap, and rubbing. Azcphor Black S is a 
stabilised mixture of the tetrazo- compound of 
dianisidine with otiier diazo- compounds (from 
benzidine, p-nitroanilinc, and eqjeciaUy m- 
nitroaniline, cf. 1), R. P. 83963). 

The production of black insoluble colours 
in the fibre was first effected by the Farbwerke 
vorm. Meister, Lucius und Briining. The 
cloth is padded with j8-naphthol andtragacanth, 
and treated with a mixture of the tetrazo- 
compounds of dianisidine and certain other 
bases. The mixture of bases sold for this 
purpose is known as Azo Black Base 0, and the 
diazo- compounds are put on the market under 
the name of Azophor Black S. .Cassella & Co. 
have introduced a black obtamed by padding 
the cloth with 1:6- or 1 : 7-aminonaphthol, 
and then passing it through diazotised p-nitro- 
aniline so as to form the disazo- colouring matter. 
The aminonaplitliol is put on the market as 
Amldonaphthol BD and 3 B, and both brands 
are mixtures of the two an^inonaphthols men- 
tioned. Full black colours are obtained which 
are fast to soap and chlorine, but they are not 
very easily applied in printing. A black, also 
introduced by the same firm, is produced from 
Azotol C, which is an asymmetric dialkylated 
di-/)-diaminoazobonzene (it is identical with 
Kinzlberger’s Ice Black). The base is diazo- 
tised and combined with /3- naphthol on the 
fibre in the usual way. The latter firm also 
has introduced the use of the diazo- compound 
of aminochrysoidine, and of the tetrazo- com- 
pound of pjo-diaminodiphenylamine for the 
production of black colours. Other tetrazo- 
compounds I'ecommended fire these of amino- 
benzeue-azo-o-naphthylamme (By.) and diamino- 
dimethyloarbazole (M.). 

Nlgrophor BASF (B.). Diazotised 2:6- 
dichloroaniline is combined with l-amino-8- 
naphthol-5-8ulphonic acid in acid solution, the 
monoazo- dy'' is dissolved in sodium hydroxide 
solution, mixed with p-nitrophenylnitrosamine 
and cloth padded with the solution. After 
being dried and exposed to the air a greenish- 
black is produced on the fibre. a-Naphthyl- 
amine may also' be used instead of p-nitro- 
aniline. , 
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Literature, — P. 1002 of 1895 ; D. R. P. 
116670 ; F. P. 24424, 245211. 

Another process of producing azo- colouring 
matters on the fibre is by the use of primu- 
line iq.v.). When cotton dyed with this dye- 
stuff lis treated with a solution containing 
hydrochloric acid and sodium nitrite, the dye- 
stuff is diazotised. The cloth is now passed 
through a bath containing the ‘ developer,’ 
oonsisting of a solution of an amine or a phenol, 
^■^faphthol is mostly used in giving Ingl'ain- or 
Primuline Red. An orange colour 18 obtained 
with resoroinol (Ingrain Orange), and a brown 
with m-phcnylenediammc (Ingrain Brown). 
Many direct- dyeing cotton colours which contani 
a diazotisable amino- group (for example, 
diajnino black BH) acquii^. a faster, deeper, 
and modified shade when similarly diazotised 
f^n the fibre and developed with )3-naplithol 
or wi-phenylcnediamiiie. 

In the sucoecdmg portion of this article it is 
proposed to give an account of the most impor- 
tant azo- colours which arc at present in com- 
merce. Each colour will bo treated of under 
its commercial ndine ; its chemical formula 
given, and the mode of preparation* and general 
properties briefly doseribed. 

Unless otherwise stated, it may be a.S8umed 
that colouring matters containing a suliihonic 
or carboxylic grouji are placed on the market 
in the form of their sodium salts. 

The following abbreviations are used for the 
names of firms ^ 

(A.) = Aktiengesellschaft fiir Anilmfa- 

brikation, Berlin. 

(B.) = Badische Anilin- und Soda- 

Fabrik, Ludwigshafen a/Jiheiii. 

(B.K.) =:\Loipziger Anilmfabrik Beyer & 

Kegel. 

(By.) = Faibeiifabriken vorm. Fr. Bayer 

& C'o., Elberfeld. 

(C.) — Leopold Uassclla & Co., Frank- 

furt a/Mairi. 

(C. J.) — Carl Jager, C. m. b. II., Uusscl- 
dorf-Derendorf. 

(Cl. Co.) = The (’Jayton Aniline Co., Ltd., 
(’lay ton, Manchester. 

(Claus & Co.) = Claus & (lo., Clayton, Man- 
chester (since 1917 amalga 
mated with Levinstein, Ltd.). 

(D.) — Wiilfing, Dahl & Co., Barmen. 

(D. H.) = Dye Works, formerly L. Durand, 
nuguonin, & Co., Basic. 

(F.) = A. Fischesser & Co., Lutterbach. 

(G.) = Aniline Colour- and Extract- 

Works, formerly John R. 
G«gy, Basle. 

* Since the last edition of this ‘ Dictionary ’ was 
. published a great revival of the Dye Industry has 
taken place In England, France, Italy, America, 
Sweden, and Japan. The principal new compares 
^Ich have been formed are British Dyes, Ltd. 
(later Incorporated with Levinstein Ltd., under the 
name of British Dyestuffs OoriMiratloii, Ltd,), Com- 
paffole Ifatiouale des Maticreg Colorantes et Produits 
tuiuniques (France), Italian National Dyestuff Co. 
¥Italy),«Tho National Aniline and Chemical Co., Inc. 
(America), The A.B. Kemlsk Industrie (Sweden), and 
The Japan Dyestuff Co. (Japan). Other new firms 
manufacturing azo* colouring matters are Indicated 
under the panioular dyes. « 


(H.) B Read Holliday and Sons, Ltd., 
Huddersfield (now British Dye- 
stuffs Corporation, Ltd., Hud- 
dersfield branch). 

(I.) = Soci6t6 poub rindustrieUhimique, 

(formerly Bindachedler und 
Busch), Basle. 

(K.) = Kalle & Co., Biebrich a/Rhein. 

(K. S.) = Sandoz & Co. (formerly Kern 
and 8andoz), Basle. 

(L.) — Farbwerk . Miilheim (formerly A. 

Lconliardt & Co.), Miilheira, 
near Frankfurt. 

(Lev.) = Levinstein, Ltd., Blackley, Man- 
chester (now British Dyi'Stuff? 
Corporation, Ltd., Blackley 
blanch). 

(M.) — Farbwerke vorm. Meister, Lucius, 

und Briining, HOchst a/Main. 

(N. I.) = Faybwerk Criesheim, Nfttzel, 
Istel & Co., Grioshciin a/Main. 
(0.) ^ Cliemische Fabrik Griesheim- 

Elcktron, Werk Oehler (for- 
merly K. Oehler), Griesheim. 

(P.) = Soci6t6 Anonyme des Matieres 

Colorantes & Produits C'hi- 
miques do bt. Denis, Paris. 
(8ch.) = T*iie Schbllkopf Aniline and 

(Chemical (Company, Buffalo, 
U.b.A, (since 1917 is included 
in The National Aniline and 
Chemical Co., Inc., New York). 
(’!'. M.) = Chemischo Fabriken vorm. Wei- 
Icr ter Meer, Uerdingen a/ 
Rhein. 

(W.) = Williams Bros. & Co., Hounslow, 

Middlesex. 

Also E. P. = English Patent ; D. R. P. = 
Gorman^ Pa tent ; F. P. =* French Patent ; A. P. 

American Patent. 

I. Basic Azo- Compounds. 

Aniline Yellow ; Aminoazobenzeno 

CeH^-N.C.H.-NHj 
[1] [4] 

This compound, discovered by M6no in 1861 
{I.C.), and introduced into commerce by Simpson, 
Maule, and Nicholson in 1863, is interesting as 
being the first azo- colour made on a manu- 
facturing scale. It was formerly prepared by 
passing nitrous acid gas into an alcoholic solu- 
tion of aniline. As a colouring matter it is now 
of no importance, but is largely used as the 
starting-point in the manufacture of other azo* 
coloura and of indulines. In practice this 
compound cannot be prepared directly by the 
action of one molecule of nitrous acid on two 
molecules of aniline, since diazoaminobenz^e is 
always the first product of this reaction : 

2 CeH,-NH^HCl4-NaN0, 

=^C,H,-N/NH-C,IJ5-fNaa-fHa+2H,0. 
The diazo- compound is slowly converted into 
the isomeric aniline yellow on being kept for 
some tiiffe in oontaot with aniline and an 
aniline salt : 

C4H*‘N,‘NH*C,H.«C,H,-N,‘C*H4-NHr 
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The mamifactuTe is carried out as fallows: 
100 kilos, of aniline are mixed with 36 kilos, of 
concentrated hydrochloric acid, the mixture 
cooled (from outside) to about 18®, and a solution 
of 16*6 kilos, of sodium nitrite in 18 kilos, of 
water and 18 kilos, of saturated sodium chloride 
solution added at first fairly rapidly, so that 
the temperature rises to 25®, and then more 
slowly, the temperature being kept below 28® 
by outside cooling. This operation takes about 
7-8 hours. After 24 hours the change of 
diaeoaminobenzene into aminoazo benzene is 
complete. The salt solution is now drawn off, 
the residue stirred with 96 kilos, of hydrochloric 
acid and 64 kilos, of water, and the aminoazo- 
benzene hydrochloride is filtered off, washed with 
2 p.c. hydrochloric acid, centrifuged and dried 
at 60®. The yield is 41 kilos, of dry aminoazo- 
benzene hydrochloride. The old aniline yellow 
was the oxalate of the base. The free base 
crystallises in yellow rhombic prisma. M.x>. 
127*4®; b.p. above 300®! The hydrochloride 
oryitailises m steel-blue needles. Base slightly 
soluble in hot uatcr, readily soluble m alcohol. 
Yellow solution coloured red by hydrochloric 
acid. 

Literature. — M^ne, 1861 {sec above) ; Dale 
and Caro, E. P. 3307 of 1863; Martius uud i 
(iricss, Zoilsch. f. (!hem. 1866, 2, 132; Kckule, 
ibid. 2, 680; Witt and 'fliomas, (3ioin. iSoc. 
Trans. 1883, 43, 112 ; Fnswell and (irei'U, ibid. ' 
1885, 47, 01/‘, and 1886, 40, 716; iStadcl and I 
Bauer, Ber. 1886, 10, 1053; Paul, Zoitseh. ' 
angew. Chpm. 1806, 0, 680 ; Jansen, Zeitsch. 
Farb. Ind. 1013, 12, 107. 

Spirit Yellow R (K.) ; Yellow Fat Colour ; 
O-Aminoazotolueno 

CH,CcH**N,*C,H3(CH,)*Nll3 

Prepared similarly, to aniline yellow, from o- 
toluidme. 

Literature. -Ber. 1877, 10, 662. 

Butter Yellow ; Oil Yellow (W.) ; Dimethyl- 
aminoazobenzene CalTg'Nj Cell^-NlCHglj. Pre- 
pared by the action of diazobenzeno chloride 
on dimethyluniline. Substance forms yellow 
leaflets of m.p. 115®; soluble in dilute hydro- 
chloric acid with a red colour ; precipitated by 
alkali. Soluble in sulphuric acid ^ with a 
yellow colour, becoming red on dilution. 

Literature. — Griess, Ber. 1877, 10, 528. 

Chryso'idine (most firms) ; Chry sordine Y 
(H), (W.) (Marden, Orth, and Uastuigs Co.-p. 
New York) (Scit ) ; Chrysoidine JEE (G. J.) (P.) ; 
Chrysoldine Crystals Chryso'idine Small Crystals 
(T. M.) 

Diaminoazo benzene C 8 H 5 *N 3 *CeHa(NHa),. 

[1] [2:4] 

This colouring matter is prepared by mixing 
a solution of diazobenzeno chloride with a 
solution of m-phcnylcnediamine. In practice 
a known weight of anilme is dissolved in 
dilute hvdrochioric acid and diazotised, the 
solution being diluted so as to contain about 2-3 
p.c. of diazo- salt. This and a dilute solution of 
• 

1 In these colour reactlous ' sufiihiirio acid ' mean? 
the ordinary concentrated acid of 96 96 ner cent. 

• Chr} sordine Crystals also contain the bomologues 
(com 0* and p^toluldine. 


phenylenediamine hydrochloride are run simul- 
taneously into a so^um chloride solution, and 
the colcfuring matter is filtered off through a 
filter press. The press cake is then dissolved 
in hot dilute hydrochloric acid, the hoj) solution 
filtered, and hydrochloric acid add^d to the 
filtrate. The chrysoidine separates in small 
needles, which aro filtered off, centrifuged, and 
dried at 50°. The free base forms yellow 
needles; m.p. 117-5®. Slightly soluble in 
water, readily m alcohol ; solutions orange. 
The commercial jiroduct is the hydrochloride 
GijllijNj.HGl, which forms beautiful blackish- 
green prisms with a metallic lustre. The strong 
solution of the salt solidifies on rapid cooling to 
a red jelly. Dissolves in sulphuric acid with a 
brownish-yellow*colour. ■* 

Literature. — Hofmann, Ber. 1877, 10, 213 ; 
Witt, ^id. 350 and 654 ; Griess, ibid. 389. ^ 

Chrysoidine R (H.) (W.) (G.) (I.) (Sch.) ; 
Chrysoidine REE (P.) ; Cerotine Orange (C. J.) ; 
Gold Orange for Cotton (T. M.) (D. H.) ; Benzene- 
azo-m-tolylenediamine 

C«H,*N3-(Vl3(CH3)(NH3)3 

Prepaied from oimlino and w-tulylenddiamine 
as in the preceding case. The free base melts 
at 16.5®-166®. 'I'he commercial product is the 
hydrochloruli!, winch forms yellowish- brown 
lumps. Dissolves m sulphuric acid with a 
grcenish-3'cll()W ectloiir. 

Chrysoidine R (D. H.) (C.) ; Tolueneazo-m- 
tolyleiicdiaimne CH 3 -(’ jH 4 *NjCeH 3 ((’Hg)(NH,)g. 
Prepared as above from o-toluiclme and m- 
tolylenediamiue. Tlio commercial product is 
the hydrochloride. It is a crystalline violet 
powder whicli gives a brown colour in sulphuric 
acid. • 

Meta Chrome Brown B (A.) (Brotherton& 
Co.) ; Dinitrophenolazo-?ft-tolylenediamine * 

0H-CeH2(N03)3-N3-C,H3(CH3)(NH3)3 

Prepared from picrarnio acid and m-tolylene- 
diamine. It is a brown* paste giving a dark 
orange-red solution in hot water. It yields a 
red solution with sulphuric acid. 

LUeratare.—E. 1\ 13213 of 1899; 10294 of 
1910; J). K. P. 112819, 118013 ; A. P. 657064, 
657065. 

Chrome Brown P (P.).; Dinitrophenolazo-w- 
amiiiophenolOH-CeH 3 (N 03 ) 3 *N 3 -CeH 3 (OH)*NH.. 
Prepared from picramic acid and m-aminophenol. 
Introduced in 1903. 

Likrature.~D. R. P. 169579 ; F. P. 336669. 

Meta Chrome Bordeaux R, B (A.). Prepared 
from diazotised picramic acid and a m-aminoaryl- 
sulphamide. The R brand gives an orange- 
brown solution in hot water, and a reddish- 
Molet solution in sulphuric acid, which yields 
a brown precipitate on dilution. 

Literature. — E. P. 4028 of 1902 ; D, R. P. 
135016 ; A. P. 704825, 704820. 

Diazinc Green S (K.) ; Janus Green B (M.) ; 
Union Green B (M.). Prepared from diazotised 
safranine and dimethylaniline. The commercial 
product is a brown or dark-green po%der ^ving 
an olive-green solution with suiphurio aoia 
Janus Green 6 is a dyestuff of analogoua oon- 
sfitution. 
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E. .P. 7337 of 1897 ; P. P. 
266438 ; D. R. P. 95668. 

U. Acid Azo- Compounds. 

A. Sulphonlo Acids ol Aminoazo- Compounds. 

Acid Yeiiow (A.) ; Fast Yeiiow (B.) (By.) ; 
Fast Yellow G ; New Yellow L (K.) ; Yellow SS 
(P.) ; Fast Yellow extra (By.). This colouring 
matter is a mixture of the sodium salts of mono- 
and di- sulphonic acids of aminoazobenzene 

HSOa-CjH,-Na CeH^*NH, and 
HSOaCBH4-N,-gflH,(HSO,)NH, 

Prepared by the action of fuming sulphuric acid 
on ardline yellow (3-5 parts acid to one of 
aminoazobenzene). Solution not precipitated 
by alkali; colour dissolves in sulphuric acid 
with a brownish-yellow colour becoming redder 
on dilution. Solution gives a precipitate with 
barium chloride, but not with calcium chloride. 
The corresponding colouring matter from 
arainoazotoluene is somewhat more orange in 
shade, and is known as Fast Yellow Y (B.) ; 
Fast Yellow R (K.). 

Literature. — Grassier, E. P. 43 of 1879 ; 
A. P. 253598 ; U. R. P. 4180, 7094 ; Chem. Ind. 
1879, 2, 48, 346 ; Griess, Ber. 1882, 15, 2187 ; 
Eger, Ber. 1889, 22, 847, 

Methyl Orange (Consolidated Colour and 
Chemical Co., New Jersey) ; Hellanthln (B.) ; 
Orange III. (P.) (T. M.) (1). H.) (W.) ; Gold 
Orange (A.) ; p-Suiphobenzeneazodimethylani- 
line HSO.-CeH^-Na CaH^NlOH,),. Prepared 
14 ] [ 1 ] [ 4 ] 

by the action of diazotised sulphanilio acid ^ 
on dimethylaniline. Solution of colouring matter 
orange, and not precipitated by alkali; dilute 
acids produce a crystalline precipitate, the 
crystals having a violet reflection (the free 
sulphonic acid). The substance dissolves in 
sulphuric acid with a yellow colour becoming 
red on dilution. 

Literature. — Griess, Ber. 1877, 10, 628. 

Orange IV. (most firms) ; Tropaeoline 00 
(C.) ; Acid Yellow D (A.) ; Orange N (B.) (1.) ; 

New Yellow (By.) ; p-Sulphobenzeneazodiphenyl- 
amine HSO,-CeH 4 NaCflH 4 'Nfl C6H6. Produced 

■ '-fir 

by the action of diazotised sulphanilio acid on 
diphenylamine dissolved in alcohol or crude 
carbolic acid. The product is thrown on an 
open filter, the paste dissolved in concentrated 
aqueous potassium carbonate and precipitated 
by adding sodium hydroxide. The colouring 
matter is not very readily soluble in water ; 
the solution is yellow, and when strong deposits 

S tals on cooling. Substance dissolves in 
hurio acid with a violet colour, becoming 
ier and giving a greyish precipitate of the 
free iulphonic acid on dilution. The aqueous 
flolution of the substance is coloured red by 
dilute acids. 

When nitrated this colour furnishes a mono- 
nitro- derivative together with a mixture of 
mono> di-, and tri- mtrodiphenylamine ; 

t 

' For detailed Information on the manufacture of 
sulphanilio acid and its homologues $ee Miihlhauser, 
Dln^Tpoly. J. 1887 , 264, 181 and 288 ; Paul, Zoltsch. 
angew. Chem. 1806 , 0 , 086 . ' . 


moderate nitration yields a yellow colouring 
matter which is found in commerce under the 
names of Citronine (D. H.) (I.) (L.) (K. S.) (0.) ; 
Curoumeine (A.) ; Azoflavine 3 R ex. oono 
(T. M.); Citronine NE (P.)^; Indian Yellow R 
(By.) (C.) (H.). More energetic nitration of 
Orange IV. furnishes Azo Acid Yellow (A.) ; 
Azo Yellow (K.) (K. S.) (M.) ; Azo Yellow 8 6, 
ex. cone. (1’. M.) ; Citronine 2 AEJ (P.) ; Azo- 
flavine S new (B.); Indian Yellow G (By.). 
Both dyestuffs are ochre-yellow powders and 
give with sulphuric acid reddisn-violet and 
magenta-red solutions respectively. 

Metanil Yellow (most firms) ; Orange MN 
(T.) ; Tropffloline G (C.) ; Yellow M (P.) ; Metanil 
Yellow GR extra (T. M.) ; m-Sulphobenzeneazo- 
diphenylamino HS 03 -C,H 4 -Nj|-C 8 H 4 ’NH'C 8 H 5 . 

IS) Ilf ~ 

Prepared in the same manner as the precedmg 
from wi-diazobenzenesulphonic acid ^ and di- 
phenylamine. Aqueous solution orange, giving 
no precipitate with alkalis, becoming red and 
precipitating with dilute acids. Dissolves in 
sulphuric acid with a dull violet colour, becoming 
magenta-red on dilution. 

Metanil Yellow S ; Acid Yellow 2 G (0.) ; is 
produced by sulphouating the preceding colour- 
ing matter. 

Literature.— K 1226 of 1879 ; 4966 of 

1880; Paul, Zeitsch. angow. Chem. 1896, 9, 
686. 

Metanil Yellow Brominated (P.). Prepared 
by the action of bromine on metanil yellow ; has 
similar reaction. 

Literature. — E. P. 6696 of 1882 ; D. R. P. 
26642; F. P. 140114. 

Jaune Solide N (P.) ; Sulphotolueneazodi- 
phenylamine HS 03 'C 7 H 4 *N.'CflH 4 *NH‘C 4 H 4 . 

. "^[ 5 ^ 

Prepared from diazotised p-toluidinc-o-sulphonio 
acid and diphenylamine; in its general pro- 
perties it resembles the two preceding dyes. 

Literature . — Roussin and Poirrier, E, P. 
4491 of 1878.- 

Archil Substitute V ; 7 j-Nitrobenzeneazo- 
a-naphthyIamine-4-8ulphonic acid 

N03-C6H4-N3-CioH 6(NH,)'HS0, 

Prepared by the action of diazotised ^^-iiitro- 
aniline on naphtliiordc acid * in weakly acid 
solution. Solution precipitated by acids and 
alkalis. Sulphuric acid gives a magenta-red 
solution, becoming brownish and precipitating 
on dilution. 

Literature. — Roussin and Poirrier, E. P. 
4490 of 1878 ; D. R. P. 6715 ; F. P. 127221 ; 
Chem. Ind. 1879, 2, 292. 

Archil Substitute 3 VN (P.) ; p-Nitrobenzene- 
azo-a-naphthylaminesulphonio acid 

N 03 -CeH 4 -N,-CioH 4 (NH,)-SO,H 


Prepared by the action .of diazotised p-nitro- 
aiiiline on a-naphthylamine-6-8ulphonio acid. 

^ m-AmiuobenzeneBulphonio acid is prepared by 
sulphonatlng ultrobenzeue and reducing the nwiitro- 
benzenesulphouic acid thus formed. 

* Naphthionlc acid is manufactured on a large scale 
by heating naphthylamlne acid sulphate, mixed with a 
little oxalic acid, to about 180’’. 
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Forms a brown j^wder giving a red solution in 
water or sulphurio acid. 

lAteraiure . — E. P. 12692 of 1887 ; D. R. P. 
46787 ; F. P. 186908. 

Azo Cardinal G (A.) ; p-Nitrobenzeneazo- 
beiizylethylanilinesulphonic acid 

Prepared by the action of diazotised p-nitro- 
aniline on benzylethylanilinesulphonio acid. A 
brick-red powder giving a reddisli-yellow solu- 
tion in water and a yellow solution in sulphuric 
acid, becoming red on dilution 

Literature. — D. R. P. appl. A 3561. 

Palatine Chrome Brown W (B.); Acid 
Alizarine Brown B (M.); Anthracyl Chrome 
Brown D (D.) ; p Sulpho-o-liydroxybenzoneazo- 
r«-phenylenedianiine 

SOjH*C.H8(OR)*Na-C«H,(NHj)a 

Prepared from diazotised o-aminophenoi-p- 
Bulphonic acid and w-phenylenediamine. A 
black -brown powder dissolving in hot water 
with an orange-brown colour, and in sulphuric 
acid to give a dark orange- brown solution. 

Literature. — A. P. 028814 ; 1). R. P. 78409 ; 
F. P. 284741. 

Omega Chrome Black PV, PB (K. S.); 
Omega Chrome Blue B, R (7v. S ) are chrome 
colours prepar'd from o-diazophonols and aryl- 
1 : S-naphthylaminesulphonic acids. 

Literature.~K P. 22738 of 1905; D. R. P. 
175626 ; F. P. 369222 ; A. P. 841371. 

Acid Anthracene Brown R (By.) is prepared 
from diazotised pioramic acid and substituted 
phenylenediarainesulphonic acids. The aqueous 
solution is reddish-brown, and that in sulphuric 
acid is reddisli-violet, becoming yellowish-brown 
on dilution. 

Anthracyl Chrome Green (B.); Binitro- 

phenolazo-a-naphthyIaminc-4-sulphonic acid 

OH-C«H8(N02)2-N8'C,oH6(S03H)-NH8 

Prepared by the action of diazotised picramic 
acia on naphthion'^. acid. Solution in water 
is reddish-brown, and in sulphuric acid bluish 
tier}- red. 

Literature. — B. R. P. 142153. 

Alkali Brown (B.) ; Benzo Brown 6 B (By.) ; 
Alkali Brown R (L. P.) ; Primulineazo-m- 
phenylenediamine P ^ ■Na'CoB 3 (NH 2 ) 2 . Pre- 
pared from diazotised primuline or dehydrothio- 
p-toluidinesulphonic acid and m-phenylenedia- 
mine. Solution brownish-red, precipitated by 
acids or alkalis. Gives a bluish-violet solution 
with eulphurio acid. 

Pyramine Yellow R (B.) Biazotised primu- 

line is combined with mtro-m-phenylenediamine. 
Aqueous solution is reddish-yellow, and solution 
in sulphuric acid is brownish-yellow. 

Literature.— E. P. 8664 of 1894; B. R. P. 
80973; F. P. 238340. 

Cotton Orange 6 (B.) ; Biazotised primuline 

is combined with Tn-j^henylenediaminedisulphonic 
aoid. It gives an orange-yellow solution in 
water, and a brownish-orange in sulphuric acid. 

Literature.— E. P. 14678 of 1893 ; B. R. P. 
78869 ; F. P. 231694 ; A. P. 624262. 

> the residue of primuline. 


Apollo Red (G.) ; Arehil Sybititiite ^ (0.) ; 

p - Nitrobenzeneazo-a-naphthylaminedisulphonio 
acid, NQa'C 6 H 4 *N,-CioH 4 (NHs)(SB,H),. Pre- 
pared from diazotised p-nitroaniline and o- 
naphthylamine-4 : 6- or 4 : 7-disulphonio acid. 
Gives a brownish-red solution in wat^r and a 
magenta-red in sulphuric acid. 

Literature.— E. P. 9468 of 1887 A. P. 
376392 ; F. P. 184638. 

Brilliant Archil C (C.) ; Azimide of p-nitro- 
benzeneazo-1 : 8-naphthylenediaminedisulpho- 
nic acid 

N02-C,H.-N,-C.<,H,(S0.H) 


Prepared by the action of nitrous acid on the 
product from diazotised p-nitroaniline'* and 
1 : 8-naphthylencdiaminc-3 : O-disulphonic acid. 
A brownish-red powder dissolving in water with 
a red, and in sulphonic acid with a blue, solution. 
Literature.— E. P. 24714 of 1893 ; B. R. P. 
77425 ; F. P. 234837. 

Wool Violet S (B.) ; Binitrobenzeneazo- 
diethylmetanihc acid 

(N02)20«H3-NVCeH3(S03H)-N{C2HB), 

Prepared from diazotised 2 : 4 dinitroaniline 
and diethylmetanilic acid. A black powder 
giving a reddish-violet solution in water and a 
scarlet-red in sulplmric acid. 

Literature. — E. P. 6197 of 1894; B. R. P. 
8007 1 ; F. P. 239090 ; A. P. 525666. 

Salmon Red (A.) ; Methylbonzenylamino- 
thioxyionolazo-j3-naplithylamine-3 ; 6-aisulpho* 
nic acid 

^ CH, NH, 


Prepared from diazotised dehydrothio-w-xyli- 
dinc and p-naphthylamine-3 : O-disulphonio acid 
R. Aqueous solution is orange-red. Gives 
violet solution in sulphurio acid. 

Literature.— E&vl\, Zeitsch. angew. Chem. 
1896, 9, 680. 

Brilliant Yellow S (B.) (T. M.) (B. K.) ; Yellow 
WR (I.); Curcumine (G.) ; ^-Sulphobenzene- 
azodiphenylaminesulphonic acid. Prepared by 
sulplionating orange IV. Solution in water is 
yellow and in sulphuric acid bluish-red. 
Literature. — B. R. P. 21903. 

Lanacyl Violet B (C.), Bisulphohydroxy- 

naphthalencazoethyl-a-naphthylamine 

(HS 03 ) 2 CioH,{OH)-N,-C,oH,-NH‘C,Hb 


’repared from diazotised 1 : 8*aminonaphthol- 
[ ; 6-disulphonic acid and ethyl-a-naphthyb 
imine. Solution in water is reddish violet, and 
n sulphuric acid is greenish-blue. _ ^ 
Literature.— E. P. 12556 of 1896 ; B. R. P. 
14288; F. P.257136. 

Tolyl Blue SR (M.) ; Sulphone Acid Blue R 

By.). Prepared, as the preceding, from diazo- 
tised H-acid and l-phenylnaphthylamine-S- 
Bulphonic acid. Solution in water ia reddish- 
violet, and in sulphuric acid dirty blue. The 
corresponding colouring matter with the tolyl- 
Bubstituted acid is l^olyi Blue SB (M.) ; Sulphone 
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Acid Btoe B (By.) Brllltant Cloth Blue HI. F 

(K.) ; it dissolves m water to a reddish- blue, 
and in sulphuric acid to a dirty violet solution. 

Literature.— E, P. 24830 of 1898 ; 1). R. P. 
76571, 108546. 


B. Carboxylic Acids of Aminoazo- Compounds. 

Yellow fast-to-soap (P.) ; m-Carboxybenzene- 
azodiphenylamino 

COaHCeH^N^CcH.-NHGeHB 

Prepared by the action of w-diazobonzoic acid 
on diphenylaminc. Used in wool-dyoing and 
especially calico-printing ; the shades arc very 
fast to soap. A brown paste, sparingly aoUi)»U‘ 
in wader. Solution becomes reddish-violet 
with acids. J^isaolves with a violet colour in 
sul} huric acid, becoming red on dilution. 

Literature. —E. P. 4621 of 18H.3; J). R. V. 
29991 ; F. P. 157755 ; A. 1\ 297852. 


C. Hydroxyazo- Compounds. 

Sudan Brown (A.) (Seh.) ; Brown G (o. J.) ; 
Pyronal Brown (D.); Oil Brown (Farbwerk 
Ammersfoort) (Wiescher & Co.) ; a-Naphthalene- 
azo-o-naphthol Ci„H -•Na'l'niHg-OH. Prepared 
by the action of diazotised a-naphthylaminc on 
a-naphthol in alkaline solution. 

Literature. — E. P. 780 of 1878 ; D. R. P. 
6411 ; F. P. 123148 ; A. P. 204799. Frankland, 
Trans. Chem. Soc. 1880, 37, 752. 

Sudan G (A.) (VV.) ; Carminaph J (1). H.) ; 

■ Cerasine Orange G (C.) ; Cerotine Yellow R 
(C. J.); Chrysoin insoluble (P.) ; Pyronal 
Yellow (B.) ; Oil Orange (I.) ; Bcnzeneazoresor- 
cinol CgH5’N2*CoH3(()H)2. Prepared by the 
action of diazobeftzene chloride on resorcinol in 
alkaline solution. Solution of colouring matter 
in alkali hydroxide is orange-yellow, giving a 
brown precipitate with acids. Dissolves in 
sulphuric acid with a yellowish-brown colour. 

Literature. — Baoyer and Jager, Ber. 1875, 8, 
161; Typke, ihid. 1877, 10, J576; Wallach, 
ibid. 1881, 14, 24; Wallach and Fisehcr, ibid. 
1882, 15, 2814 ; Meyer and Kreis, ibid. 1883, 
16, 1329 ; Liebermann and Ko.staneeki, ibid. 
1884, 17, 880; Heumann and Oeconomides, 
ibid:’*lSS7t 20, 904 ; Will and Pukall, ibid. 1120 ; 
Pukall, ibid. 1 147 ; Fischer and Wimmer, ibid. 
1678 ; Will, ibid. 1888, 21, 604 ; Kostanccki, 
ibid. 31 19. 

Sudan I (A.) (K.) (W.) ; Carminaph (D. H.) ; 
Cerotine Orange G (C. J.) ; Oil Orange (0.) (Farb- 
werk Ammersfoort) (Wiescher & Co.) ; Moti 
Orange R (T. M.) ; Pyronal Orange (D.) ; 
Spirit Orange (L.) ; Scarlet B (B. K.) ; Oil Yellow 
(Sch.) ; Insoluble Aniline Orange (P.) ; Benzone- 
azo-j8-naphthol CgHj'NjdboHfi'OH. Prepared 
froin diazobenzene chloride and ;8-naphthol. 
A brick-red powder insoluble in water. Used 
for colouring oils, &c. 

Literature. — Liebermann, Ber. 1883, 16, 2860 ; 
Denate, Gazz. chim. ital. 1885, 16, 406 ; Zincke 
, and Bindewald, Ber. 1884, 17, 3031 ; Zincke and 
Rathgen, ibid. 1886, 19, 2484 ; Fischer and Wim- 
mer, M. 1887, 20, 1579 ; Weinberg, ibid. 3172 ; 
Jacobson, ibid. 1888, 21,415; Meldola and East, 
Trans. Chem. Soc. 1888, 53, 460 ; Meldola and 
Morgan, ibid. 1889, 65, 603 ; Goldschmidt and 


Resell, Ber. 1890, 23, 400; Goldschmidt and 
Brubacher, ibid. 1891, 24, 2306; McPherson, 
Ber. 1896, 28, 2418 ; , Farmer and Hantzsoh, 
ihid. 1899, 32, 3100; Mohlau and Strohbaoh, 
ibid. 1900, 33, 805 ; Goldschmidt and Keppeler, 
ibid. 894; Mohlau and Kegel, ibid. 2873*; 
Betti, Gazz. chim. ital. 1900, 30, ii. 164. 

Pigment Fast Red HL (M.) ; Helio Fast Red 
RL (By.); Lithol Fast Scarlet R, RPN (B.) ; 
Graphiiol Fast Red GAERR (().); SItara Fast 
Red RL (T. M.) ; m-Nitrotoluencazo-i3-naphthol 

Prepared from diazotised m-nitro-p-toluidino 
and 18-naphthol, Used only for lakes. 

Life) aim e.—E. P. 19100 of 1905; D. R. P. 
appl. F 20265 ; F. P. 357858. 

Tuscaline Orange G (B.). Prepared from 
diazotised m-nitro-o-anisidino and j8-naphthol is 
used 111 ealieo-jinnting and as a lake. 

Sudan II (A.) (K.); Cerotine Scarlet G 
(C. J.); Moti Red G.{T. M.) ; Pyronal Red R 
(!>.); Orange RR (B. K.) ; Insoluble Xylidine 
Ponceau (J^) ; Xylenoazo-)8-naphthol 

C«H3(OH3)2-Na'C;oH«-OH 

Prepared from diazotised xylidine and $- 
naphtliol. 

Carminaph GarnSt (T>. JI.) ; Cerotine Scarlet 
2 R (C. J.) ; Oil Red Brown (Farbwerk Ammers- 
foort) ; Pigment Bordeaux N (M.); Autol Red 
(B.); Insoluble Naphthylamine Ponceau (P.); 
a-Naphtlialencazo-i3-naphthol 

C,oH7-N2-CioH,/OH 

Prepared from diazotised a-naplithylamine and 
)3-naphthol. An insoluble paste used in print- 
ing. {Sec also Naphthylamine Bordeaux, 

Azophosphine GO (M.). Chloride of m- 
trimcthylaminobonzoncazoresorcinol 

ClN(CH3)3-C«H,-N2-CeH3{()H)2 

Prepared from diazotised w-aminophenyltri- 
methylammoniuni chloride and resorcinol. Solu- 
tion m water is yellowish-red, and in sulphuric 
acid brownish-red. A similar dye is Azophos- 
phine BRO (M.). 

Literature.— E. P. 14494 of 1895; D. R. P. 
87257 ; F. P. 249227 ; A. P. 620913. ' 

New Phosphine G (C.) ; w-Dimcthylamino- 

tolucneazoresorcinol 

N(CH3)3-CH3-C«H,-N3-C3H3(0H), 

Prepared from diazotised p-aminobenzyldi- 
methylamme and resorcinol. Gives a yellowish- 
brown solution in water and sulphuric acid. 

Literature.— E. P. 22572 of 1892 ; D. R. P. 
70678 ; F. P. 225968 ; A. P. 615100. 

Tannin Orange R (C.) ; w-Dimethylamino- 

tolueneazo- naphthol 

N(CH3)3*CH,-C6H,-N3-CioH«-OH 

Prepared from diazotised p-aminobenzyldi- 
metnylainine and )3-naphthol. A brown powder 
or a 50 p.c. ^aste. Sparingly soluble in water, 
with a, brown colour. Gives a yellowish- brown 
solution in sulphuric acid. 

Literature . — ^As for the preceding colour. 
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AEdehromlne (G.) ; Tetrahydroxyazobeii- 
;ene OH-CoH^'Nj’CeHjCOH),. Prepared from 
liazotised p-aminophenol and pyrogallol. Com- 
nercial product is a 30 p.c. paste, giving a 
lark-yellow solution jn boiling water. With 
ulphuric acid it gives a brown solution. 

Likrature.—E. P. 11002 of 1803 ; 1). R. P. 
11109 ; F. P. 230037 ; A. r)484r)0. 

Dlazine Black (K.) ; Safranineazoplicnol. 
i^repared from one of the varieties of safranine 
md . phenol. Its solution in water is dark 
;reen-blue, and in sulphuric acid green. 

Literature. — Mon. iSci. ]88(i, (lii.) 10, 084. 

Indoine Blue R (B.) (G.) ; Janus Blue (M.) ; 
(aphthlndone (('.); Vac Blue (H.) ;• Fast Cotton 
Jlue B (0.) ; Indole Blue (A.) (L.) ; Dlazine Blue 
K.) ; Madras Blue P (P.) ; Indone Blue (By.) ; 
’’ast Blue B (T. M.) ; Indogenin (Delft Colour 
iVorks) ; Safranineazo-/3-naphthol. Prepared 
rom various safranincs and )3-naphthol. It 
[ives a violet solution in water, and a greenish - 
irown in sulphuric acid. • 

Literature. — E. P. 4543 of 1801, 18700 of 
893, 3488 of 1805, 23085 of 1808; D. R. P. 
11602, 85090, 85032, 91721, 92015, 1054.33, 
08497; F. P. 212270, 24.5230, 250230, 283013, 
185360; A. P. 524251, 5242.54; Walter, Au.s 
ler Praxis der Anilinfarbenfabrikation, 1003, 
106 (where the preparation is described in 
ietail). • 

Methyl Indone .B, R (C.) is prepared from 
liazotised safranine and an aminonaphthol. 
Che aqueous solution is blue, and that in sul- 
ihuric acid greenish-blue. 

Literature. — D. R. P. appl. L 3377. 

Azarine S (M.) 

OH-C,,HaCl2’NH'N(S03'NH4)'CioH«'OH 
1 ; 6-Dichloro-2-arninophonol is diazotised and 
iombined with ^-naphthol, and t he product is 
ireated with ammonium bisulphite. It forms a 
i^ellow paste, giving a yellow solution in water 
md a magenta- red solution in sulphuric acid, 
dving a reddish-biown precipitate on dilution, 

' Literature.—E. P. 5767 of 1883 ; D. R. P. 
590 67 ; F. P. 150604 ; A. P. 302700, 306546. 

Sulphamine Brown A (D.) ; a-Naphthlne 
Srown (P.) is prepared by the action of diazo- 
dsed a naphthylamine on the sodium bisulphite 
jompound of nitroso-i8-naphthol. It dissolves 
n water to a brown, and in sulphuric acid to a 
jreen, solution. Sulphamine Brown B (D.) is 
nade from ;8-naphthylamine ; the aqueous 
lolution is red, and that in sulphuric acid is 
violet. 

Literature.— E. P. 1556 of 1893 ; D. R. P. 
79683; F. P. 239100. 

D. Sulphonic Acids of Hydroxyazo- Compounds. 

1. Monosulphonic Acins. 

Chrysoin (most firms) ; Tropaeoline 0 (C.) ; 
Sesorein YeUow (A.) (B. K.) (K.) (T. M.) (H.) 
Sch.) ; Gold Yellow (By.) ; Acme Yellow (L.) ; 
p-Sulphobenzeneazoresorcinol 

HSOj-CoH, N3 0«H3{0H), 

Produced by the^ctio© of diazotised sulphanilic 
loid on resorcinol in alkaline solution. Solution 
af colouring matter orange ; substance dissolves 
In sulphuric acid with a yellow colour. • 

X/ueraiure.—Gnes9, Ber. 1878, II, 2195; 
Witt. Trans. Cltem. Soc. 1879, 36, 183. 


Acid Alizarine Garnet R (M.); p-Sulpho- 
phenolazoresorcinol * 

HS03-C,H3(0H)‘N3-CeH3(0H)3 . 

Similarly prepared from o-arainophenol-p-sul- 
phonic acid and resorcinol. Solution in^^ water 
or sulphuric acid is orange-brown. 

Orange II (Most firms) ; Mandarin G (A.) 
(B. K.) (By.); Gold Orange (By.) (B. K.) (D.) 
(T. M.) ; Orange Extra (C ) ; Orange A (L.) (Sch.) ; 
Orange P (0.) ; Orange G (B K.) (H.) ; Acid 
Orange (G.) ; p-Sulphobenzeneazo-j8-naphthol 
HS03-C,JT4’N2 ‘GioH„’OH. Prepared from diazo- 
ti.sed sulphanilic acid and jS-naphthol, Solution 
orange, becoming red on addition of sodium 
hydroxide. Solution in sulphuric acid red, 
becoming orange on dilution. 

Literature.— Hnirmmn, Bcr. 1877, 10, 13^8; 
Gricss, thd. 1878, 11, 2108 ; Witt, thid. 1879, 12. 
2.50; Miller, thid. 1880, 13, 268; Witt, Chem.® 
Zeit. 1880. 4.437; Mnlilhauser, Dingl. poly. J. 
1887, 264, 181, 238; Paul, Zeitsch. angew, 
Ghcm. 1806, 0, 686 (the last two papers give 
details of the manufacture). 

Orange R (T.) (G) (D. H.) (B.) (Sch.) ; 
Orange T (K ) (T. M.^ ; Kermesin Orange (L.) 
8ulpho-o-lolucncazo-j8-naplithol 

HS03'G:H6-N2-Cu,TTfl-OH()3) 

Homologous with the preceding, the diazotised 
sulphonic acid of o-toluidinc being used instead 
of sulphanilic acid. 

Literature . — The manufacture is described 
in the paper by Miihlhauser already referred to. 

Lithol Rubine B (B.) ; Permanent Red 4 B 
(A.); Pigment Rubine R (A.) ; Sulpho-p-toluene- 
azo-j8-hydroxy-3-naphthoic acid 

HS03-C;H,’Na’G,oH5(OH)*G02H 

Prepared by the action of diazotised p-toluidine- 
sulphonic acid (OII3 : NH2 : S()3H=1 : 4 : 3) on 
j8-hydroxynaphthoic acid. A fiery red powder 
or pa.ste used for making lakes. 

Littraiure.—E. V. 11004 of 1903; D. R. P. 
151205; F. P. 332145; A. P. ’•41029. 

Azofuchsine B (By.) ; Tolucneazo-1 ; 8-dihy- 
droxynaphthalenesulphonic acid 

CH,-C,H,-N,-C,„H.(OH), -80,11 

Prepared by the action of diazotised commer- 
cial toluidinc on 1 : 8-dihydroxynaphthalene-4- 
sulphonic acid. Solution in water is bluish- 
red, andjn sulphuric acid violet. 

UteraitLre.—E. P. 18517 of 1889; D. R. P. 
54116 ; F. P. 203744 ; A. P. 466841, 468142. 

Ponceau 4 GB (A.) (Lev.) (B.K.); Crocwne 
Orange (By.) (B. K.) (K.) (P.) ; Crocei'ne Orange 
Y (Sch.) ; fcroceine Orange GR‘(T. M.) ; Brilliant 
Orange G (M.) (C. J.) ; Orange GRX (B.); 
Pyrotine Orange (D.) ; Benzcncazo-i8-naphthol- 
sulphomc acid C.ftH5-N2'CioHB(S03H)*OH(i8). 
Prepared by the action of diazobenzene chloride 
on iB-naphthol-6-sulphonic acid (Scoffer’s acid) 
in alkaline solution. Solutions in water or 
sulphuric acid aiXi orange-yellow. 

Literature. — Gricss, Bor. 1878, 11, 2197. 
Orange GT (By.) ; Orange RN (C.) ; BriUlant 
Orange 0 (M.) ; Brilliant Orange RO (C. J.) ; 
Croceine Orange R (By.) (T. M.) ; Tolueneazo-jS- 
naphthol sulphonic acid 

C,H,-N,’C,oH 3 (S 03 H)OH(^) 
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Prraared by di^otising oommeroial toluidien 
and combining with Schaffer’s /9-naphtholmono- 
sulphqpio acid in alkaline solution. Orange 
aqueous solution gives an oily precipitate with 
acids. Dissolves in sulphuric acid with a 
magenta-red colour, giving an oily deposit on 
dilution. 

Liierature.--Fj. P. 623 of 1879: Bor. 1880 
13, 686. 


Scarlet GR (A.) ; Scarlet R (Bv.) ; Brilliant 
Or&age R(M.) (C. J.)(B.K.); Cringe L (Lev.) 
(P.) (0.) ; Xylidine Orange 2 R (T. M.) ; Orange N 
u ^ (P*) > Ponceau 2 G (B.). Homologous with 
the last; prepared from diazotised xylidine 
and Schaffer s acid. Dissolves in sulphuric 
acid ^th a red colour, becoming brown and 
precmitating on dilution, 

Literature.—LeYimtem, Ber. 1880, 13, 586. 
Azococclne 2 R (A.) ; Double Scarlet R (Lev.) ; 
Jute Scarlet (D.); Pohceau R for Jute (B,); 
Xyleneazo-o-naphtholsulphonic acid 


(CH3)j,CeH3-N2*CjoH5(S03H)-OH(a) 


Prepared by the action of diazoxylene chloride 
(commercial xylidine diazotised) on a-naphthol- 
4-8ulphonic acid in alkaline solution. • Aqueous 
solution not precipitated by alkalis ; when hot 
and^ concentrated deposits bronzy crystals on 
cooling. Dissolves in sulphuric acid with a 
reddish-violet colour, becoming brown and pre- 
cipitating free acid on dilution. 

Literature.— K P. 2237 of 1883; D. R. P 
26012. ’ I 


Cochineal Scarlet 4 R (Sch.). Isomeric with 
the preceding, a-naphthol-5-8ulplionic acid being 
used instead of the 4-sulphonic acid. Dissolves 
in sulphuric acid with a magenta-red colour, 
giving a precipitate on dilution. 

Azoeoslne G (K.) (By.) (Lev.); Cochineal 
Scarlet R (D.); Buffalo Flamlne G (Sch.); 
Ani8oleazo-a-naphthol-4-suIphonic acid 


CH3-0*CeH3-N3-C,oH5(S03H)-OH 


Pigment Seaiiet G (M.) ; Carbozybenzene- 

azo-/8-naphthol-6-sulphonio acid 

CO,HCeH4-N,-CioH5(S08H)-OH 
Prepared from diazotised janthranilic acid and 
Schaffer salt. A bronzy-red powder giving a 
yellowish-red aqueous solution and used for 
the preparation of lakes. 

lAteraiure.—D. R, P. 176828; F. P. 366110 

Fast Brown N (By.) ; Chrome Brown RO (M.) \ 
Naphthylamine Brown (B.) ; p-SuIphonaphtha- 
lencazo-a-naphthol HSO,C,„H,N,C,,H,-OH. 
1 ropared by the action of diazotised a-naph- 
thylamine-4-sulphonic acid (naphthionic acid) 
on a-naphthol in alkaline solution. Colouring 
matter gives a reddish-brown solution, not 
changed by acids or alkalis. Dissolves in sul- 
phuric acid with a reddish -violet colour. 

Ltleraiure.—K P. 786 of 1878; D. R. P 
6411, 87003 ; F. P. 123148 ; A. P. 204799. 

Fast Brown 3 B (A.) ; Sulphonaphthalene-2. 
azo-o-naphthol HSOg-CioHg'Na-CioHfi-OH. Pre- 
pared by the action of diazotised )8-naphthyl- 
[ araine-6-8ulphonic acid on o-naphthol in alkaline 
solution. 

Aqueous solution brownish-red, becoming 
violet with dilute acids and red with alkalis. 
Solution in sulphuric acid blue, giving reddish- 
violet precipitate on dilution. 

Literalure.—lEi^ P. 3724 of 1882 ; D. R. P 
22547 ; F. P. 160503 ; A. P. 332829. 

Permanent Orange R (A.); Chlorosulpho- 
benzcneazo-j3-naphthol 

HSOa-CJJjClNa'CjoH^'OH 

Prepared from diazotised m-chloroaniline-o- 
sulphonic acid and jS-naphthol. It is an orange 
paste used for making lakes. 

Fast Orange 0 (M.) ; Nitrosulphobenzeneazo- 
6-naphthol 

HSO,-CeH3(N03)-N3'C,oHe-OH 


Prepared from diazotised o-anisidine and a- 
naphthol-4-8ulphonic acid. Gives a red solution 
in water and a carmine-red in sulphuric acid. 

Literature.— E. P. 2237 of 1883. 

Benzoyl Pink ; Rose de Benzoyl (P.) ; Benz- 
oylaminoditolylazo-o-naphthol-4-8uIphonic acid 


CH 3 CH 3 SOgll 


Prepared from diazotised monobenzoyl-o-toli- 
dino and a-naphthol-4-8ulphonic acid. A brick- 
red paste, giving a cherry-red solution in water, 
and a bluish-red solution in sulphuric acid. 
Literature. — D. R. P. 60332, 

Double Ponceau R, 2 R, 3 R, 4 R (By.) ; 
o-N aphth aleneazo - o-naphthol- 6 - sulph onic acid 
CjoH 7 *N 2 *CioH 3 (iS 03 H)’(.)H. Prepared from di- 
azotised o-naphthylamine and o-naphthol-6- 
sulphonic acid. Gives an orange-red solution in 
water, and a red in sulphuric acid. 

Fwt RedBT (By.) (Lev.) (D. H.) (B K.) ; o- 
Naphthaleneazo - ^ - naphthol - 6 - sulphonic acid. 
Isomeric with the preceding. Prepared from 
diazotised o-naphthylamine and )8.naphthol-6- 
sillpHonic acid (Schaffer). Gives a red solution 
in water and a violet in sulphuric acid. 

Literature.— E. P. 786 of 1878; D. R. P. 
64U ; F. P. 123148 ; A. Pt 204799. 


Prepared from diazotised o-nitroaniline-p-sul- 
phonic acid and 3-naphth61. An orange powder 
used for making lakes. 

Literature. — E. P. 16409 of 1901 ; D. R, P, 
129539 ; F. P. 313598 ; A. P. 714883. 

Lake Red P (M.) ; Isomeric with the pre- 
ceding. Prepared from diazotised p-nitro- 
aniline-o-sulphonic acid and ;8-naphth61. It is a 
yellowish-red paste used for making calcium 
and barium lakes. 

Literaiure.—E. P. 16409 of 1901 ; D. R. P. 
128456 ; F. P. 313598 ; A. P. 714882. 

Lake Red C (M.) ; Chlorosulphotolueneazo- 
i8-naphthol HSOa'C^HsCl-Ng-CjoHs'OH. Pre- 
pared from diazotised 6-chloro-3-toluidine-4- 
sulphonic acid (CHg^l) and /8-napbthol. An 
orange paste used for making the red barium 
lake, 

Literaiure.—E. P. 23831 of 1902 ; D. R. P. 
145908 ; F. P. 328131 ; A. P. 733280. 

Chrome Fast Cyanine G (I.), introduced into 
commerce in 1907, is prepared by the action of 
d'azotised l-amino-2-napnthol8ulphonic acid on 
o-naphthol. 

Erioohrome Blue Black B (G.); Sulpho- 
naphtholazo- O-naphthol 

HSO,-C,oH6(OH)*Na‘CioH3-OH 
Prepared by the action of diazotised 1-amino- 
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^-naphthol-4-sulphonic acid on a-naphthbl.^ 
The blackish- violet aqueous solution on addition 
of hydrochloric acid becomes first reddish- 
brown, and then gives a brownish-black pre- 
cipitate. With sodUim hydroxide the solution 
becomes first-blue and, on adding excess, finally 
rod. The solution in sulphuric acid is blue, 
giving a violet- black precipitate on dilution. 

Literature,— E. P. 15025 oi 1004; I). R. P. 
181326; F. P. 350055; Ital. P. 73530; Aust. 
P. 30630. 

Erlochrome Black T (G.) ; Nitrosulpho- 
naphtholazo-o-naphthol 

NOaCioH^lSOaHi-Na'CioH^-OH 
Prepared by the action of diazotised 8-nitro-l- 
amino-)9-naphthol-4-suIphonic acid on a-naph- 
thol. The reddish-brown aqueous solution 
gives a violet-brown precipitate with hydro- 
chloric acid, and, with sodiiiiii hydroxide, 
becomes first deep-blue and then red. 'I’lic 
solution in sulphuric aci(> is blaekish-bliic, 
giving a brown precipitate on dilution. 

Literature, — E. P. 150H2 of 1901 ; D. R. P. 
160683 ; F. P. 350071 ; It al. P. 73531 ; Aust. P. 
127191. 

Double Brilliant Scarlet G (A.) (Lev.) (K.) 
(T. M.) (A.) ; Scarlet for silk (M.) ; Double 
Scarlet (1).). Prepared from ;8-naphtliylaniine- 
6-8ulphonic acid and /3-naphtlK)l. Aqueous solu- 
tion gives brown, precipitate with dilute acids. 
Dissolves in sulphuiic acid with a red colour, 
giving a brown precipitate on dilution. 

Liiernture.-k P. 3724 of 1882; D. R. P. 
22547 ; F. P, 150503 ; A. P. 332820. 

Fast Red cone. (Sch ) ; Fast Red A (B.) 
{(). J.) (Lev.) (B. K.) (By.) (Claus & Co.) (L.) (K.) 
(D.) (T. M.)(0.) ; Roccelllne(l). H.) (B. K.) (C.) 
(I.) (G.) (P.) (.k. S.) (T. M.) (Central DyestulT 
and Chemical Co.) ; Fast Red AV (B.) ; Fast 
Red 0 (M,); Cardinal Red (K.); Rubldine 
(B. K.); Sulphoruiphthaleneazo-^-naphthol 

HSO, 0,oH«-Na'CioHed)H 
Prepared by the action of diazotised naphthionic 
acid on )8-naphthol in alkaline solution. 8ub- 
stanco dibiolves in hot water with a reddish- 
brown colour ; concentrated solution when 
rapidly cooled solidifying to a brown gelatinous 
mass. Soluble in sulphuric acid with a violet 
colour, becoming brown and giving a precipitate 
of tiie free acid on dilution. The corresponding 
colouring matter from a-naphthylamine-5-sul- 
phonic acid is called Brilliant Fast Red G (B.). 

• Literature,— E, P 786 of 1878; D. R. P. 

5411 ; F. P. 12314S , A. P. 204799 ; Griess, Ber. 
1878,11, 2199; 1870,12,1364. 

Add Ponceau (D. M.) (K. S.) ; Ponceau for 
Silk (P.) ; Ponceau S for silk (I.) ; Ponceau G 
for Silk (K.) ; Scarlet for Silk (B.) ; SuIpho-j3- 
napli^haleneazo-jS-naphthol 

HSOa-CioHe-Nj-CioHe'OH 

' In the constitutional formula of this colouring 
matter, kindly communFated along with other infonna- 
tlon to the writer by the manufacturers, the azo- group 
is shown attached to the 2- position of Uie a-naphthol, 
although the 4- posltlorf Is unocciqiled. The combina- 
tion is probably effected In presence of very concentrated 
oikdl hydroxide. Other examples of this ortho- com- 
bination are known, both in the benzene^and naphtha- 
lene series. (Compare Michel and Grandmougln, Ber. 
1898,20,2353; Bamberger, iWd. 1900, 33, 3188 ; Bara- 
bwger and Melmberg, ibid. 1895. 28, 1889 ; Bamberger, 
ibii 848 : D. B. P. 14448.) 

Vot.. 


Prepared by sniphonating fl-naphthylamine, 
diazotising the mixed isomenc sulphonic acids, 
and combining with ^-naphthol in alkaline 
solution. Aqueous solution gives a brown pre- 
cipitate with dilute acids. Dissolves in sul- 
phuric acid with a rod colour, bocorain^f brown 
and precipitating on dilution, 

Lithol Red R (B.) ; Sulphonaphthaleneazo- 
^-naphthol HS().,'Giold«;N2*C,oHe-OH. Pre- 
pared by the action of cJiazoti.scd /3-naphthyl- 
amine- 1 -sulphonic acid on /3-iiaphthol. The 
commercial product is a jjaste which is only 
very sparingly soluble even in hot water. It 
IS u.scd exclusively in the manufacture of lakes. 

Literature.— K P. 25511 of 1899; 4859 of 
1909; 7922 of 1910; 1). R. P. 112833 ; F. P. 
297330 ; A. P. 650757. 

Lake Bordeaux B (M.), Prcj)aT‘cd from the 
.same diazo- compound as the preceding and 
^-hydroxynaphthoic acid. It is a bordeaul- 
red paste used for making lakes. 

Literature . — E. \\ 7351 of 1907 ; D. R. P. 
205080 ; E. P. 385570 ; A. P. 858005. 

Clayton Cloth Red (Cl, Co.) ; Stanley Red 
(Cl. (.'0.) ; Titan Scarlet (H.) ; Sulphobenzenyl- 
ariimothiocrosolazo-)8 naphthol 

N * 

Prepared by the action of diazotised dehydro- 
thio-p-toluidinesulphonic acid on 3-naphthol, 
The commercial product is the ammonium salt. 
Forms a reddish-brown solution in water, and a 
violet-rcd with Hulphiiric acid. 

Literature,— E. P. 18901 of 1889; D. R. P. 
51331. 

Acid Alizarine Violet N (M.) ; Palatine 
Chrome Violet (B.) ; Anthracene Chrome Violet 
B (C.) ; Ortho Cerise B (A.) Copper Red N 

(M .) ; Sulphophenolazo-^-naphthol 

OH-0\H3(S03H)-N2*CioHgOH 

Prepared from diazotised 2-aminophenol-4- 
sulphonic acid and jB-naphthoi. Aqueous solu- 
tion is dark bordeaux-red, and solution in 
sulphuric acid is magenta-red. 

Literature. — D. R, P. 78409 ; D. R. P. appl. 
A 7938; F. P. 310508. 

Acid Alizarine Black R (M.) ; Nitrosulpho- 
phenolazo-/8-naphthol 

OH-C8H3{N02)(S08H)-N2'CioHe'OH 

Prepared from diazotised 6-nitro-2-aininophenol- 
4-Buiphonio acid and /B-naphthol. Aqueous 
solution is brownish-violet, and solution in 
sulphuric acid is reddish-violet. 

Literature. — E. P. 2772 of 1900 ; D. R. P. 
143892 ; F. P. 300011 ; A. P. 667935. 

Anthracene Chrome Black (C.); Sulpho- 
naphthoiazo-i8-naplithol 

HS03-CioH3(OH)-N3-CioHe-OH 

Prepared by the action of diazotised 3-ammo- 
jS-naphthol-7 -sulphonic acid (R.) on |8-naphthol. 
Aqueous solution is red ; hydrochloric acid gives a 
reddish- violet precipitate, and sodium hydroxide 
turns it bluish-violet. Solution in sulphuric 
acid is bluish-green, giving a reddfish-violet 
precipitate on duutibn. 

Literature,— E. P. 28107 of 1897 ; D. R, P. 
109932 ; F. P. 272680, 272621. 

2 H 
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Palatine Chrome Blaok 6 B (B.) ; Erioohrome 
Blue Black R (G^; Salicln Black (K.) ; Add 
Alizarin Blue Blaok A (M.) ; Diamond Blue 
Black EB (By.) ; Anthracene Blue Black BE 
(C.); Chrome Fast Black PW (1.) ; Chrome 
Blue N. (P.). Isomeric with the preceding. 
Prepared from diazotised l-amino-jB-naphthol- 
4-8ul|)honic acid and jS-naphthol. Blue aqueous 
solution gives yellowish -brown precipitate with 
hydrochloric acid, and turns first blue and then 
red with sodium, hydroxide. Solution in sul- 
phuric acid is dark-blue, giving a blackish- brown 
precipitate on dilution. 

Liierature.—Y.. P. 27372 of 1903 ; 4997 and 
15025 of 1904; 1). K. P. 150440, 1()0530. 

181320, 171024, 188045, 190093, 181714, 189175; 
D. R. P. appl. G 21484 ; P. I*. 338819, 350055 ; 
A. P. *770177. 

Salicln Black UL (K.) is the zinc sodium salt 
oFthe above, and is prepared by diazotismg 
l-amino-d-naphthol-4-sulpliomc acid with zinc 
nitrite and combining the diazo-compound with 
)9-naphthol in concentrated alkaline solution. 

At7em/Mre.— E. P. 23034 of 1905; 22200 of 
1909 ; B. R. P. 175593, 195228 ; F. P, 353780 ; 
A. P. 807422 ; Tumioka, J. Soc. Chein. Ind. 
1917, 30, 1043. 

Eriochrome Black A (G.) ; Nitrosulpho- 
naphtholazo-i8-naphthol 

N02-CioH4(S08H)(OII)Nj*CioH«-C)H. 
Prepared from diazotised 8-nitro-l-amino-^- 
napnthol-4-8ulphomc acid and 0-naphthol. 
Bark-blue aqueous solution gives a reddish- 
brown precipitate with hydrochloric acid, and 
becomes cherry-rod with sodium hydroxide. 
Solution in sulphuric acid is dark-violct blue, 
giving a brown precipitate on dilution. 

Ldero/arc.— E. P. 15982 of 1904 ; B. R. P. 
169683 ; F. P. 3^50071 ; A. P. 790303 ; Ital. P. 
73531 ; Aust. P. 27191. 

. Diamond Black PV (By.) ; Sulphophenolazo- 
1 : 5-dihydroxynaphthalene 

OH-CeH3(SOaH)-Na’C,oH6(OH)8 
Prepared from diazotised o-aminophcnol-p-sul- 
phonic acid and 1 : 6-dihydroxynaphthalene. 
The azo- group enters the 2 -position in the latter 
component. Bluish-red aqueous solution gives 
a dark-red precipitate with hydrochloric acid. 
Solution in sulphuric acid is blackish-green, 
giving a reddish precipitate on dilution. 

UUraturt.—K P. 18139 and 18509 of 1902 ; 
Fischer, J. pr. Chem. 1917, fii.} 95, 261. 

Azo Acid Blue (M.) (By.) ; Ethyl Acid Blue 
RR (B.). Is prepared by the action of diazo- 
tised p-nitroaniline on 1 : 8-dihydroxynaphtha- 
lene-4-sulphonic acid, reducing the nitro- group 
and alkylating the product, or by the action of 
diazotised dialkyl-p-phenylenediamine on the 
sulphonic acid. It gives a blue-violet solution 
in water and a reddish -violet in sulphuric acid. 

Lifemfwre.— E. P. 8270 of 1892 ; B. R. P. 
70886, 77169 ; F. P. 221363 ; A. P. 667015. 

* Milling Yellow (Lev.) (B.) (L.) ; Chrome 
Yeljfow D (By.) ; Anthracene Yellow BN (0.) ; 
Mordant Yellow (B.) (M.) ; Chrome Fast Yellow 
R (A,) ; Salicln Yellow D (K.) ; Alizarol Yellow 

(Sch.) ; Sulphonaphthaleneazosalicylio acid 
H^8-C,oH,-Na‘C„H8(CO,H)-OH 
Prepared by the action of diazotised ;8-naphthyl- 
amine-6-(or 6-)-sulphomo ac^d on salicylic acid. 


Solution in water is yellow, and in aulphurio 
acid yellowish-red. 

Literature . — F. P. 206766. 

Orlol YeUow (G.) ; Cotton Yellow R (B.) ; 
Alkali Yellow (D.). Prepared by the action of 
diazotised dehydrothio-p-tofuidinesylphonic acid 
or primuline on salicylic acid. Gives an orange- 
yellow solution in water, and a scarlet-red with 
sulphuric acid. 

Litmilvre.—D. R. P. 484G5 ; F. P. 192628; 
A. P. 398990. 

Eriochrome Phosphine R (G.) ; Nitrosulpho- 

benzeneazosabcylic acid 

N02-G..H3(S03H)-N8'GJl3(C08H)*0H 

Prepared by the action of diazotised p-nitro- 
aniline-o-sulphonic acid on salicylic acid. 
Yellowish-orange aqueous solution becomes pale 
orange with hydrochloric acid, and blue-red with 
sodium liydroxide. Solution in sulphuric acid 
1.S yellowish -orange giving a palc-ycllow precipi- 
tate on dilution. 

Literature.— J). R. P. 226242. 

2. Bisulphotsiic Acids. 

Chrome Brown RR (G.) ; Bisulphophenol- 
azopyrogallol 

OH-C«H8(S()8H)2-N2'C6H2(OH)3 

Prepared by the action of diazotised p-amino- 
phenol-2 : (r-disulpllonic acid on pyrogallol. 
Solution in water is yellow, and in sulphuric 
acid brown. 

Literature.— E. P. 11902 of 1893 ; D. R. P. 
81109 ; P. P. 230937 ; A. P. 548460. 

Orange G (A.) (M.) (B.) (P.) (C. J.) (T. M.) 
(Sch ) (K.) (().) (Central Byestuf! and Chemical 
Co.); Orange GG (C.) (B. K.) (B.); Orange GG in 
Crystals (Sch.) ; Fast Light Orange G (By.) ; 
Benzeneazo- /S-naphtholdisulphonic acid 
CeH,'N2’CjoH4(S08H)8-OH(i3) 

Produced by the action of diazobenzene chloride 
on i8-naphthol-6 : 8-disulphonic acid (G-salt) in 
alkaline solution. Solution not precipitated by 
alkali ; dissolves in sulphuric acid with an 
orange colour, undergoing no change on dilution. 

Literature.—^. V. 1716 of 1878; B. R. P. 
3229; F. P. 124811 ; A. P. 261162. 

Crystal Scarlet 6R (C.) (M.) (By.) (B. K.); 
Crystal Ponceau (A.) (K.) (B.) (B.) (L.) (P.) ; Pon- 
ceau 6 R (T.M.) ; a-Naphthaleneazo-^-naphthoI- 
6 : S-disulphonio acid (G-acid). Produced by 
the action of diazotised a-naphthylamine upon 
/8-naphthol-6 : 8-disulphonic acid in alkaline 
solution. 

Literature.— E. P. 816 of 1884; D. R. P. 
36491 ; A. P. 3.32628. 

Ponceau 2 G (B.) (M.) (B. K .) ; Brilliant 
Ponceau GG (C.); Orange R (H.j. Isomeric 
with Orange G. Prepared by the action of 
diazobenzene chloride upon j8-naphthol-^ ; 6- 
disulphonic acid (R-salt). Properties similar to 
those of the preceding compound ; colour 
slightly redder in shade. 

Literature as for Ora'nge G. 

AzocoralUne L (B.) ; Azogrenadlne L (Bv.) ; 
p-Acetylaminobenzeneazo-j8-naphthol‘3 : 6-iluul- 
phonic acid 

CH3CONHCA-Na-CioH4(SO,H),*OH 
Prepared by the action of diazotised aoe^Lp* 
phenylenediamine on )3-napbthol*3 ; 6-jdiF^ 
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phonic acid (R-salt). Solution in water is 
orange-red, and in sulphuric acid yellowish-red. 
Literature. — Nietzki, Ber. 1884, 17, 344. 

Acid Alizarine Red B (M.) ; Palatine Chrome 
Red B (B.) ; Caiiboxybenzeneazo-i3-naphthol- 
3 : G-disulphonic acid 

COaH-CeH4-N2-C,oH4{S03H)2-OH 

Prepared from diazotised anthranilic acid and 
R-salt. It gives a yellowish-red aqueous solu- 
tion, and a red solution in sulphuric acid. In 
the form of a lake it is known as Pigment 
Scarlet 3 B (M.). 

Literature.—^. P. 23830 of 1902; D. R. P. 
141257; F. P. 328128; A. P. 757109. 

Ponceau R, 2 R, G and GR ^ (A.) (B.) (M.) 
(By.) (B. K.) (0.) (P.) (L ) (K. S.) (T. M.) (Lev.) 
(C.) (C. J.); Brilliant Ponceau R (T. M.); 
Scarlet 2 R (H.) (Calco Chemical Vo.) ; Xy- 
leneazo-^-naphthol-3 : O-disulphonic acid 

CsH3-Na-C,oH4(SOpH2-OH(i9) 

Produced by the action of diazotiscd xylidine 
(chiefly mota-) on )8-naphthol-3 : 6-disulphoni(! 
acid (R-salt). Properties similar to those of 
Orange G. Colour a distinct scarlet ; aqueous 
solution not precipitated by alkali ; an amor- 
phous precipitate by calcium or barium chloride. 
Soluble with a red 'colour in suljihuric acid, 
becoming bro\^i and precipitating on dilution. 

Literature.— E. P. 1715 of 1878; D. R. P. 
3229} F. P 124811 ; A. P. 210233. 

Ponceau 3 R (A.) (B.) (M.) (G. J.) (K.) 
jBy.) (L.) (0.); Ponceau 4 R^^ (A.); Ponceau 
8 R 66 (Soh.) ; Cumeneazo-8-naphthol-3 : 6- 
disulphonic acid 

C9HH'Na-Ci„H4(803H)3-0H(^) 

Produced by the action of diazocumeno chloride 
(from i|^-cumidine) on R-salt. Properties as 
above ; colour of a redder shade than the last. 
Literature. — Sre above, and A. P. 251163. 
Bordeaux B (H.) (A.) (M.) (B K.) (Calco 
Chemical Co.) ; Fast Red B (B.) (B. K.) (L.) ; 
Past Red P extra (By.) ; Bordeaux BL (C.) ; 
Bordeaux R extra (M.); Bordeaux G (D.); 
Bordeaux R (T. M.) ; Cerasine (P.) ; Cerasine R 
(D. H.) ; Archelline 2 B (Lev.) ; Azo Bordeaux 
(Sch ) ; a-Naphthaleneazo-fl-naphthol-3 : O-di- 
sulphonic acid 

CioH,-N3-C,oH,(SO,H)3-OH 
Prepared from diazotised a-naphthylamine and 
R-salt. Solution in water is magenta-red, and 
in sulphuric acid blue, becoming magenta-red 
on dilution. 

Littralure.—E. P, 1715 of 1878 ; D. R. P. 
3229; F. P. 124811 ; A. P. 251164. 

Cocclnine B, C (M.) 

CH,-0’C,H3(CH3)Na-CioH4(S03H)3-OH 
Prepared from diazotised 3-amino-4-crosol methyl 
ether and R-salt. Gives a cherry-rod solution 
in water or sulphuric acid. 

Literature.— E. P. 4914 of 1878; D. K P. 
7217; F. P. 124811. 

Sorbine Red (B.); Azogrenadfne S (By.); 
LapMuohslne (variolis marks) (C.) ; Azo Acid 

» Q OR and Brilliant Ponoaau G (C)«are made from 
crude xylidine and crude R-salt, R from crude xylidine 
and. t R from m-xylldlne and pure R-salt. 

* 8 R Is made from crude cumidlne and 4 R from pure 
iHniinldlne. 


Red B (M.) ; Wool Red (0.) ; jp-Aoetylamino* 
benzeneazo-a-naphthol-3 : O-^sulphonio acid 

CH3-C)0-NHC4H4NaC,oH4(SO,H)a*OH 
Prepared the action of diazotised aoetyl-p- 
phenylenediamine on a-naphthol-3 : 6-disulphonio 
acid. Aqueous solution is currant-re^ and in 
sulphuric acid fiery red. 

Literature. — Chera. Zeit. 1900, 24, 493 ; 
Zeitsch. Farbcn. Ind. 1902, 26, 223. 

Palatine Scarlet A (B.) ; Cochineal Scarlet PS 
(By.) ; Nassoira Scarlet 0 (M.) ; Brilliant Wool 
Scarlet (K.) ; Brilliant Cochineal 2 R, 4 R (C.) ; 

wt-Xyloncazo-a-naphthol-3 : 6-disulphonic acid 
C„H3‘N2‘C,oH4(8()3H)./OH. Prepared from 
diazotised wi-xyliclinc and a-naphthol-3 : 6- 
disulphonio acid. Solution in water is scarlet- 
rod, and in sulphuric acid bluish-rod. « 

Likniture. — O. R. P. appl. G 3636. 

XL Carmoislne 6 B (H.) ; w-Xyleneazq^i- 
hydroxy naphthalene-3 : O-disulphonic acid 
CkH9 N2 CioH3(S()3H)2(OII)2. Prepared by the 
action of cliazotised m-xylidine on 1 : 8-dihy- 
droxynaphthalene-3 ; O-disulphonic acid (ohro- 
matrope acid). 

Eosamine B, G (A.) ; Mothoxytolueneazo-o- 
naphthol-3 ; 8-disulphonic acid 

CIlgOlLHe-Na Ci„H4(S03H),;0ir 
Prepared from diazotised 7»-amino-p-cresol 
methyl ether and a-naphthol-3 : S-disulphonio 
acid. Solution in water is bluish-red, and in 
sulphuric acid violet-blue. 

Literature. — Chom. Ind. 1806, 19, 8. 

Palatine Red A (B.) ; Naphthorubin 0 (M.) ; 
a-Naphthalcncazo-a-naphthol-3 : O-disulphonic 
acid CioH/Nj-CioH^lSOsHlj-OH. Prepared 
from diazotised a-naphthylamine and a-iiaph- 
thol-3 : 6-disiilphonic acid. Bluish-red solution 
in water, and blue in sulphuric acid. 

Literature.— E. P. 15716 of* 1885; I). R. P. 
38281 

Direct Rose G (K. S.) ; Erika 2 GN (A.); 

• 

Prepared from diazotised dehydrothio-p-tolui- 
dine and a-naphthol-3 ; S-disulphonio acid (€- 
acid). Cherry-red aqueous solution gives a 
scarlet-rcd precipitate with hydrochloric acid, 
and a bluish-red one with sodium hydroxide. 
Solution in sulphuric acid is dark- bluish red, 
giving a scarlet-red precipitate on dilution. 

Geranine 2 B, G (By.) ; Brilliant Geranine 
B. 2 BN, 3 B (By.). These dyes are prepared 
from the same diazo- compound as the preceding, 
combined with a-naphthol-4 : S-disulphonio 
acid (2 B), o-naphthol-3-8ulphonio acid (G), 
or I : 8-dihydroxynaphthalene-4-8ulphonio acid 
(Brilliant Geranine). The aqueous solution is 
red, and that in sulphuric acid is violet-red (2 B 
and G) or blue (Brilliant Geranine). 

LUerature.—D. R. P. 73251, 73340. 

Erika B extra, BN (Lev.) (L.) (A.) ; Methyl- 
benzenylammothioxylenolazo-o-naphthol-3 ; 8- 
disulphonic acid 

(ch,),c,h/®\cc,h,n,-c,„h.(S0,h), 

1 I 

CHj 6 h . 

Prepared from diazotised dehydrothio-w*xyli- 
dine and a-naphthol-3 ; 8-disulphonio acid 
Solution in water or sulphuric acid is red. 
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Liieraivre. — E. P. 17333 of 1888 ; D. R. P. 
63951 ; E. P. 19440B ; A. P. 418667 ; Anschutz 
and Schultz, Ber. 1889, 22, 683. 

Erika 0 extra, GN (A.) (Lev.) ; Erika 4 GN 
(A.). Is isomeric with the preceding, being 
prepared '.from 3-naphthol-6 : 8-disulphonic acid 
(G-acid), and has similar reactions. 

Literature. — Ber. 1889, 22, 686. - 

Azooochlneal (By.) ; Anisolcazo-a-naphthol- 
4 : 8-diBulphonic acid 

CH3-0‘C,.H,-N,*C,„H,(S03ll)2-0H 

Prepared from diazotised o-anisidino and a- 
naphthol-4 : S-disulphonic acid. iSolution in 
water and sulphuric acid is red. 

literature.—E. P. 16776 and 15781 of 1885; 
D. R. f. 40571 ; F. P. 173083, 173084. 

Chromotrope 2 R (M.) ; XL Carmoisine R 
(H^l ; Benzcncazo- 1 : S-dihydroxynaphthalenc- 
3 ; 6-disulphonic acid 

C«H6-N3-C\oH3(S03H)3(OH)3 

Produced from diazotised aniline and 1 : 8- 
dihydroxynaphthaleno - 3 : 6 - disulphonic acid. 
Gives in water a inagcnta-rcd, and in sulphuric 
acid a ruby-red solution. 

Litenture.—Y. P. 9258 of 1890; T). R P. 
69095 ; F. P. 206439, 212007 ; A. P. 458283. 

Chromotrope 2 B (M.) ; p-Nitrobenzeneazo- 
1:8- dihydroxynaphthalone - 3 : 6 - diHulphonic 
acid N02-CJl4-N3'C,oH3(S03H), (011)3 IV- 
pared by the action of diazotised 71-nitroani- 
line on 1 : 8-dihydroxyna])htIialcne-3 : 6 -disul- 
phonic acid. Solution m water is yellowish-red, 
and in sulpliuric acid dark-violet. 

Literature. — As under Ohromotropc 2R. 

Victoria Violet 4 BS (M.) (By.) ; Domingo 
Violet A (L.); Ethyl Acid Violet S 4 B (B.) ; 
Azo Wool Blue ((l.) ; p-Aminobenzcneazo-1 : 8- 
dihydroxy naphthalene -3:6- disulphonic acid 
, NHa'Ce H4‘N^-Oio H3 (SOgir), (()H)2. Prepared 
by the alkaline reduction of chromotrope 2 B 
or by eliminating the acetyl- group from chromo- 
trope 6 B (.see below). It gives a dark- violet 
solution in water, and a bluish-red in sulphuric 
acid. Similar colouring matters are Victoria 
Violet 8 BS (M.), Victoria Violet 5 B (By.), and 
Victoria Violet L (L). 

Literature. — E. P. 8270 of 1892; D. R. P. 
70885, 73321 ; F. P. 221363, 226690. 

Chromotrope 6 B (M.) ; XL Fuchsine 6 B 
(H.) ; Fast Acid Red EBB (L.) ; p-Acetylammo 
benzeneazo-1 : 8-dihydroxynaphthalone-3 : 6- 
disulphonic acid 

CHj-CO-NH-CaH^'Na'CioHafSOglDafOH), 

Prepared by the action of diazotised acetyl- p* 
phenylenediamine on 1 : 8-dihydroxynaphthal- 
ene-3 : 0-disulphonic acid. Solution in water 
is violet-red, and in sulphuric acid ruby-red. 

. Literature. — D. R. P. 75738. 

Chromotrope 10 B (M.) ; Naphthaleneazo 
1 : 8-dihydroxynaphthalene-3 : 6 disulphonic acid 

CioH,-N,'C,„H 3 (S 03 H) 3 (OH )3 

Prepared from diazotised a-naphthylamino and 
the above acid. Violet solution in water, and 
greenish'blae in sulphuric acid. 

LlteratiHire . — ^As under Chromotrope 2 R. 
Chromazone Red A (G.) ; Benzaldehydeazo- 
1 j 8-dihydroxynaphthalene-3 : 6-disulphonic 
Mid pH() C,H, N,-C„H,(SO,H),(OH),, Pro- 


duced from diazotised p-aminobenzaldehyde 
and 1 : 8-dihydroxynaphthalene-3 : G-disulphonic 
acid. Solution in water is red, and in sulphuric 
acid blue. 

Literature.— E. P. 13744 of 1896; D. R. P. 
85233 ; F. P. 248517. 

Chromazone Blue R (G.) ; Phenylethylhy- 
drazonc of the preceding colouring matter 
(yVC2B6W N : rn 03lVN3*CioU3(S03H)2(OH)a 
Prepared cither by condensing chromazone red 
with rts-phenylcthylhydrazine or by the action 
of diazotised yj-aminobenzylidenephcnylethylhy- 
drazoiic on 1 : 8-dihydroxy-3 : 6-disulphonic acid. 
Solution in water is bluo-violet, and in sulphuric 
acid blue red. 

Literature as above. 

Diamine Rose (various marks) ; Dlanil 
Rose BD (M.) ; Benzenylaminotliiophcnolazo- 
chloronaphtholdisulphonic acid 

oh,-o.h,/®^c-(;,h.-N2-o,.h.ci(S03H),-oh 

Prepared from diazotised dohydrothio-p-tolui- 
dmo and 8-chloro-a-naphthol-3 : 6-disulphonic 
acid. Magenta-red solution in water, and 
reddish -violet in su^huric acid. 

Literature. — E. r. 1920 and 9441 of 1894; 
D. R. P. 79055, 82285, 96768, 99227; F. P. 
235271 ; A. P. 535037. 

Fast Acid Fuchsine B (By.) ; Fast Acid 
Fuchsine G (B.K.); Benzeneazo-1 8: -amino- 
naplithol 3 : 6-disulphonic acid 

CaH5-N3-C,„H3(S03H)2f0H)‘NH, 

Prepared from diazotised aniline and 1 : 8- 
aminonaphthol-3 : h-disulphonic acid (H-acid) 
in alkaline solution. Solution in water or 
sulphuric acid is magenta-rod. 

Litciatuu’.—E. P. 13343 of 1890; D. R. P. 
62368, 70031 ; F. P. 210033. 

Tolane Red B (K.) ; Benzencazo-1 : 8-araino- 
naphthol-4 • 6-disulphonic acid. Isomeric with 
the preceding. Prepared from diazotised aniline 
and 1 : 8-aminonaph(hol-4 : 6-disuIplionic acid 
(K-aeid). Solution in water or sulphuric acid 
IS magenta-rcfl. 

Liteiature.—E. P. 515 of 1894 ; D. R. P. 
99164 ; A. P. 563383. 

Amidonaphthol Red G (M.) ; Brilliant Acid 
Carmine 2 G (0.); Azo Phloxine 2 G (By.); 
Benzeneazo-J ; 8-acetyIaminonaphthol-3 I'^-di- 
sulphonic acid 

CeH,'N.2-CioH3(S03H)3(OH)-NH*00-CH, 
Prepared from diazotised aniline and acetyl 
H-acid in alkaline solution. Scarlet-red solution 
in water, and red solution in sulphuric acid. 

Literature. — E. P. 26457 of 1906 ; D. R. P. 
180089 ; F. P. 348426. 

Amido Naphthot Red 6 B (M.) ; Brilliant 
Acid Carmine 6 B (0.). Prepared as the pre- 
ceding, but ;)-aminoacetaniliae is used instead 
of aniline. The solution in water or sulphuric 
acid is red. 

Palatine Chrome Green G (B.); Chrome 
Fast Green G (I.) ; 4-Nitrt)-2-aminophenol is 
diazotised and combined with H-acid. It gives 
a dark reddish-violet solution in water, and a 
reddish- violet in sulphuric acid. 

Fast Sulphone Violet 6 BS (K. S.) is prepared 
by combining a diazo- Compound with 1 1 8 - 
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amiaonaphthol-3 : 6- or *4 : 6-disulphonic acid i 
in alkaline solution, and treating the product | 
with p-toluenesulphonyl chloride, whereby the 
amino- group is transformed into the p-toluene- 
sulphonylamino- gtoup. Other dyestuffs of tho 
same kind are Brilliant Sulphone Red B (K. S.) 
and Fast Sulphone Violet 4 R (K. S.). 

Literature. —E. P. 22880 of 1899; D. R. P. 
120081 ; F. P. 294325; A. P. 040969. 

AzO Archil R. (A.); Jleni5eneazo-2-amino- 
8-naphthol-3 : 0-diBulphonic acid (2 R- acid), 
laomorio with fast acid fuchsino B (By.). 
Prepared from diazotised anilme and 2 R acid. 
Solution in water or sulphuric acid is yellowish- 
red. 

Literature. — D. R. P. appl. A 3710. 

Azorubine (Wieschcr & Co.) (0.) (Lev.) 
(Central Dyestuff and (ilietnical Co.) ; Azorubine 
S(A.) (Sch.) ; Azorubine G (T. M.) ; Azorubine A 
^0.) ; Azo Acid Rubine (C. J.) (D ) ; Azo Acid 
Rubine R (K.) ; Nacarat (P.) ; Fast Red C 
(B.) (B. K.) ; Carmoisine {K. S.) ; Carmoisine B 
(By.); Carmoisine S (II.); Mars Red G (B.) ; 
Brilliant Crimson (Cl. Co .) ; Brilliant Carmoisine 
0 (M.) ; Sulpho-a-naphthaleueazo-o-naphthol- 
sulphonic acid 

HS03’CioH«-N2-C„TI,(S03H)-OH 

Prepared by the action of dlhzotised naphthionic 
acid on a-napbthol-4-sulp])onic acid in presence 
of alkali. Solution gives a red crystalline pre- 
cipitate with calcium chlondo ; substance dis- 
solves in sulphuric acid with a bluish-violet 
colour, becoming red on ddntion. When u.sed 
for after-chroming on wool the dyestuff is known 
as Azochrome Blue R (K.); Chrome Blue R 
(B.); Chromntrope FB (M.); Omega Chrome 
Blue A (K. «.). 

Literature.— E. P. 2237 and 4237 of 1883 ; 
D. R. P. 20012, 00838, 07240. 

Fast Red VR (By); isomeric with the 
preceding. Ihepared from diazotised naphthi- 
onic acid and a-naphthol-5-Biilphonic acid. 
Aqueous solution is bluish- red and gives a 
reddish-brown precipitate with hydrochloric 
acid. Hubstanco dissolves in sulphuric acid 
wiMi reddish-lilue colour. When used for after- 
chroming on wool the dyestuff is known as 
Azochrome Blim B (K.) ; Chromotrope F 4 B 
(M.). Diamona Blue 3 B (By.) also belongs to 

Va^Red (B.) (K.) (By.) (B. K.) (T. M.) (D.) 
(0.) ; Fast Red S (M.) (D. H.) ; Naphthol Red EB 
(C.); Naphthol Rei GR (B.) ; Acid Carmoisine B 
(B. K.); Fast Red (Lev.) (A.) (0. J.) (P.); Sulpho- 
a - naphthaleneazo - 0 - naphtholsulphonic acid 
HS03'CioH,-Nj-Cion6(S03H)-OH. Isomeric with 
the preceding ; iprepared from diazotised 
naphthionic acid andjS-naphthol-G-sulphonic acid. 
Aqueous solution claret-red ; not precipitated 
by acids, dissolves in sulphuric acid with a 
violet colour, becoming red on dilution. 

Literature. — E. P. 780 of 1878; D. R. P. 
6411 ; F. P. 1231*8 ; A. P. 204799. 

Crooeine Scarlet 3 BX (By.) (K.) ; Coccine 2 B 
(A.) ; Scarlet OOO (H.) ; Acidol Coccine 2 B 
(T. M.). Isomerio with tho last; prepared 
from diazotised naphthionic acid and B-naphthol- 
8-Bulphonio acid. Hot solution (concentrated) 
gives a orystalline magnesium salt on adding 
magnesium sulphate and allowing to cool; 


solution in sulphuric acid reddish- violet becoming 
yellowish-red on dilution. 

Literature.— E. P. 2031 of 1881 ; D. R. P. 
20402 ; A. P. 266376. 

Double Scarlet Extra S (A.) (Lev.) ; Double 
Brilliant Scarlet 3 R (By.) ; Double Brilliant 
Scarlet S (K.); Brilliant Ponceau 4rR (By.); 
Scarlet PR (P.) ; Scarlet 2 R extra cone. (T. M.). 

Isomeric with the last ; prepared from diazotised 
i3-naplithylamine-6-sulphonic acid and a-naph* 
thol-4-sulphonic acid 

HS03-CioH3-N3-CioH,(S03lI)-OH 
Aqueous solution gives yollowish-brown pre- 
cipitate with dilute acids. Dissolves in sul- 
phuric acid with a red colour, becoming yellower 
on dilution. 

]Atcrature.—E. P. 3724 of 1882 ; D. R. P. 
22547 ; F. P. 150503 ; A. P. 332829. 

Azofuchsine G (By ) ; Fast Fuchsine G (Sen.) ; 

J) - Sulphobcnzeneazodihydroxynaphthalene - 4 • 
sulphonio acid 

HS03'CJI«-N3 -C,oH,(OH) 2*S03H 
Prepared from diazotised sulphanilic acid and 
I : 8-dihy(lroxynaphthalene-4-sulphonio acid. So- 
lution ill water is bluisli-red, and in sulphuric 
acid violet. Analogous colours are Azdtuchsine 
S, 6 B, and GN extra (By.). 

Lttcralure.—E. P. 18517 of 1889; D. R. P. 
54116 ; F. P. 203744 ; A. P. 466841, 468142. 

Crumpsall Yellow (Lev.) ; Disulphonaphtha- 
Icneazosalicylic acid 

Ci„Il.(SO3H)2*N2-Cell3(0H)’C03H 
Produced by the action of diazotised /S-naph- 
thylamine-0 : 8-disiilphonic acid on salicylic acid. 
Solution in water is yellow, and in sulphuric 
acid, orange red. 

LHeralure.—E. P. 12145 i^f 1894 ; D. R. P. 
87483. 

Lanacyl Blue BB (C.) ; Disulphohydroxy- • 
naphthaleneazoaminonaphthol 

Cion4(S03H)2(OH)-N2-OtoH6(OH)-NHa 
Prepared from diazotised f : 8-aminonaphthol- 
3 : 6-disulphonic add (H-acid) and 1 : 6-amino- 
naphthol in acetic acid solution (the azo- group 
attacks the ortho- position relative to the 
hydroxy- group). Solution in water is reddish 
or bluish- violet, and in sulphuric acid blue. 
To this group belong also Lanacyl Blue R and 
Lanacyl Navy Blue B, 2 B, and 3 B (C.). 

Literature.— E. P. 24134 of 1896 ; D. R. P. 
95190 ; F. P. 260848. 

Rosophenine 10 B (Cl. Co.) ; Rosophenlne 
Pink (Cl. Co.) ; Direct Scarlet B (K.) ; Thiazlne 
Red R (B.) ; Benzoin Fast Red AE (B. K.) ; 

Sulphobenzenylaminothiocresolazo- a -naphthol- 
4-8ulphonic add 

/S\ 

CeH3< >C-C.H4'N2-C4 oH3'OH 
I I 1 


\N^ 

CHa SO3H SOaH 

Prepared from diazotised dehydrothio-p-tolui- 
dinesulphonic add and o-naphthol-4 -sulphonio 
acid. Solution in water is crimson-red, and in 
sulphuric acid violet-red. 

The corresponding colour from diazotised 
primuline is called Rosophenlne SA (01. Go.) ; 
, (D. R. P. 48466 ; F. P. 192628, 196988 ; A. P. 
398990). 

I Thiazlne Red 6 (B.). Prepared from diazo- 
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tised primuline (sulphonio acid) and ;8-naphthol- 
6-8ulplionic acid. Orange -red aqueous solution 
gives an orange-red precipitate with hydrochloric 
acid, and becomes dark with sodium hydroxide. 
Solution in sulphuric acid is blood-red, giving 
an orange precipitate on dilution. 

The corresponding colour from diazotised 
dehydrothio-p-toluidinesulphonio acid is Clayton 
Cloth Scarlet (01. Co.) ; Titan Pink 8 B (H.) ; 
Thiazine Red GN (B.). 

References as for rosophenine SG. 

3. Trisuij^honic Acids. 

Azo Red A (C.) ; Sulpho-a-naphthalenoazo- 
a-naphthol-3 : fi-disulphonic acid 

,HS03-C,oH«-N*-C,„H,(SOaH)2-OH 
Prepared by the action of diazotised naphtbionic 
acid on a-naphthol-3 : O-disulphomc acid. Aque- 
ous solution red. Solution in sulphuric acid is 
blue, becoming violet and tlien red on dilution. 

New Coccine (A.) (M.); Brilliant Scarlet 
(Lev.) (C.) ; Croceine Scarlet 4 BX (K.) ; Victoria 
Scarlet 4 R (T. M.) ; Special Ponceau (P.) ; Co- 
chineal Red A (B.) ; Brilliant Ponceau 4 R 
(By.) (C.); Brilliant Ponceau 5 R (By.) (L).); 
jPoDceah 4 R (B K.) ; Brilliant Scarlet S (Seh.) ; 
Scarlet 5 0 (H.) ; Scarlet N (Farbwerk Ammcrs- 
foort) ; SuIpho-a-naphthaleneazo-/3-naphtIio]- 
6 : 8-diaulphonic acid 

HSOa-C,oHe-N2’C,oH,(S03lI)2'OH 
Prepared by the action of diazotised naphthionic 
acid on /9-naphthol-0 : 8-disulphonio acid (G- 
salt). Aqueous solution red, not precipitated 
by acids. Dissolves in sulpiiunc acid with a 
r^ colour, becoming yellowish- red on dilution. 

Literature, — E. P. 810 of 1884 ; ]). R. P. 
3229, 36491 ; F. P. 124811 ; A. P. 314938. 

Fast Red D (B.) (0.) ,* Azo Acid Rubine 2 B 
(D.) (B. K.) (C. J.); Cloth Red (T. M.); Bordeaux 
S (A.) (Lev.) ; Amaranth (M.) (C.) (B. K.) (P.) 
(I.) (D. H.) (T. M.) (Lev.) (Central Dyestuff and 
Chemical Co.) (Ault and \Viborg Co.) ; Naphthol 
Red 0 (M. ) ; Naphthol Red S ( B. ) ( B . K. ) • Naphthol 
Red C (C.); Naphthylamlne Red G (By.); 
Fast Red (C. J.) ; Fast Red NS (By.) ; Bordeaux 
DH (D. H.); Victoria Rubine 0 (M.) (B K.); 
Azo Rubine S (K. S.) ; Amaranth 107 (Sch.) ; 
AcW Crimson (H.); Wool Red (Sch.); Wool 
Red extra (K.) ; Azo Red N extra (L.). Isomeric 
with the preceding. Prepared from diazotised 
naphthionic acid and R-salt. 

Literature. — D. R. P. 3229. 

Chromotrope 8 B (M.) ; p-Sulphonaphthalenv- 
azodihydroxy naphthalene- 3 : G-disulphonic acid 

HSO,'C,oH3-N,-C,oH3(S03H)3(OH), 
Prepared by the action of diazotised naphthionic 
acid on 1 : S-dihydroxynaphthalone-S : G-disul- 
phonic acid. Solution in water is violet-red, and 
m sulphuric acid indigo-bluo. In addition to 
this and the other ‘ chromotrope ’ colours 
mentioned above, the marks S and 7 B also 
appear on the market, but their constitution 
has not yet been published. 

lAierature.—E. P. 9258 of 1890; D. R. P. 
69096 i F. P. ^12607 ; A. P. 468283. 

* « 

4. Teteisulphonic Acids. 

Ponceau 6 R (M.) (B.) ; ^p-Sulphonaphtha- 
Iffioeazo-jS-naphtholtiii^phomb acid 


HSOa-C,oH3*N3 CioH,{SOaH)3 0H * 
Prepared by the action of diazotised naphthionic 
acid on 6-naphthol-3 ; 6 ; S-trisulphonio acid. 
Solution in water is magenta-red, and in sul 
phuric acid violet. 

Literature. — E. P. 2644 of 1882 ; D. R. P. 
22038 ; F. P. 149249 ; A. P. 268606. 

Heliopurpurine 4 BL (By.) ; Disulphonaph- 
thalencazo-a-naphthol-3 : O-disulphonic acid 

CjoH5(S03H)a-N2-G,oH4(S03H)a-OH 

Prepared from diazotised /8-naphthylamine- 
3 : 6-disulphonic acid and a-naphthol-3 : 6- 
disiilphonic acid. Used exclusively in the 
manufacture of lakes. 

Literature. — Farber-Zeit. 1904, 15, 95. 

Heliopurpurine 7 BL (By.), Isomeric with 
the preceding. Prepared by the action of 
diazotised jS-naphthylamine-l : O-disulphonic 
acid on jS-naphthobS : (i-disulphonic acid (R- 
salt). Used only foil lakes. 

Literature as above. 

5. Pentasulhionic Acids. 

Heliopurpurine GL (By.) ; Disulphonaphtha- 
lencazo-j8'naphthol-3 : 6 : S-trisulphonic acid 

U,ofl3(S03H)2-N2'CioH3(S03H)3-OH 
Prepared from diazotised j8-naphthylamine- 
3 : (i-di8ulphonic acid and i8-naplithol-3 : 6 : 8- 
trisulphonic acid. 

Use and literature as above. 

E. Carboxylic Acids of Hydroxyazo- Compounds^ 

Alizarine Yellow GG (M.) (I.) ; Chrome 
Yellow R (P.) ; Alizarine Yellow G, 3G (Lev.) ; 
Alizarine Yellow 3 G (By.); Mordant Yellow 
2GT(B.); Anthracene Yellow GG (C.) ; Aliza- 
rine Yellow G (K. S.) ; r/i-Nitrobenzeneazosali- 
cylic acid 

N03-CeH4-N2-0,H3(C02H)*0H 
Prepared from diazotised w-nitroaniline and 
salicydio acid. The commercial product (the 
free acid) is usually a yellow paste, insoluble 
ill water, and giving an orange solution with 
sulphuric acid. The sodium salt is put on the 
market in the dry state as Alizarine Yellow GGW 
(M.) (Ault and Wiborg Co.). 

Ltkralure.—E, P. 17583 of 1887 ; D. R. P. 
44170; F. P. 187821 ; A. P. 424019. 

Alizarine Yellow R (M.) (C. R.) (Bv.); 
Alizarine Orange R, 2 R (Lev.) ; Mordant Yellow 
8 R (B.); Mordant Yellow PN (Farbwerk 
Ammersfoort) ; Orange R (K. S.) ; Milling 
Orange R (L.) ; Anthracene Yellow RN (C.) ; 
Metachrome Orange R (A.) (Brotherton & Co.) ; 
Chromoxanthine (K. 8.); Terracotta R (0.); 
Chrome Orange (P.). Isomeric with the last. 
Prepared from diazotised p-nitroaniline and 
salicylic acid. Comes on the market as a 
brown paste insoluble in water and giving an 
orange-yellow solution with sulphuric acid. 
This consists of tlie free dcid ; the sodium salt 
(soluble in water with an orange colour) is 
called Alizarine Yellow IfW (M.) (Harden, 
Orth, and Hastings Corporation). 

Ltfernfare.-r-Meldola, Chem. Soc. Trans. 1886, 
47, 666; Bull. Mulhouse, 1892, 198; J. Soo. 

' Carboxylic acids contaioiog also sulphonlo 
groups are described under the oorrespoadmg sutphooto 
or disulphonlc adds. 
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Chem. Ind. 1890, 9, 53 ; 1892, 11, 699 ; J. Soc. 
Byers, 1889, 6, 106; E. P. 13920 of 1888; 
F. P. 193190 ; A. P. 431297. 

Chrome Fast Yellow 6G (A.) ; o Anisoleazo- 
salicylio acid CHa*O-C,H^‘N2-C«H3(0OjH)-OH, 
Prepared from diazotised o-aniaidine and sali- 
cylic acid. In commerce as a bright-yellow 
paste or a yellow powder. Solution in hot water 
is greenish-yellow, and in sulphuric acid yellow- 
ish-brown. 

Lit(raiuro.~K P. 12221 of 1896; B. R. P. 
84772. 

Azoalizarine Yellow 6 G (D. H.) ; Alizarine 
Yellow 5 G (M.) ; Tartrachromlne GG (1.) ; 
p-phenetoleazoaalicylic acid 

C2H6-0-C,H,-Na-C,Ha(a02ll)0H 

Prepared from diazotised p-phenetidino and 
salicylic acid. Solution in water is yellowish- 
brown, and in sulphuric brown- red. 

Diamond Flavine G (I?y.); p-Hydroxydi- 
phenylazosalicylic acid 

OH'CiaH, Na-CaH^fCO^Hl OH 

Prepared by boiling the intermediate product 
from tetrazotised benzidine and one moh'cule of 
salicylic acid. In commerce as a yellowish- 
brown paste or powder which dissolves in water 
only after the addition sodium acetate. 
Solution in sulphuric acid is blood-red. If the 
intermediate product is treated with sodium 
bisulphite, the product is known as Dutch Yellow 
(Farbwerk Ammorsfoort) ; Mordant Yellow GRO 
(B.), wiiich gives a yellow solution in water, and 
a bordcaux-red one in sulphuiic acid (D. R. P. 
68953). 

Literature. — E. P. 11063 of 1891 ; B. R. P. 
60373 ; F. V 214766. 

Diamond Yellow G (By.) ; ?»-Carboxyben- 
zeneazosalicylic acid 

COaHC, H4’N3‘C„H3(C02H)-0H 

Prepared from diazotised m-aminobenzoic acid 
and salicylic acid. A greyish-yellow paste 
soluble in water (with addition of sodium 
acetate or carbonate) with a yellow colour. 
Gives a reddish-yellow solution with sulphuric 
acid. 

Literature.— R P. 8299 of 1889; B. R. P. 
68271 ; F. P. 198621 (addition) ; A. V. 5023G8, 
502369. 

Lake Red D (M.) ; Carboxybenzenoazo-;8- 
naphthol COall CJI^’NyCioH^'OH. Prepared 
from diazotised {•nthranilic acid and j3-naphthol. | 
Orange-red pa.>te used for lakes. 

Literature.— 1^. P. 22781 of 1906 ; B. R. P. 
189023 ; F. P. 373115 ; A. P. 8789G4. 

Brilliant Lake Red R (M.) ; Benzcucazo-2- 
hydroxy-3 -naphthoic acid 

CeH5*N3-CioHj,(OH)-CO»H 

Prepared from diazotised aniline and j3-hydroxy- 
napnthoic acid. Used for making lakes 
Literature. — Ber. 1893, 26, 2897. 

• 

F. Unclasslhed Monoazo- Colouring Matters. 

Perl Wool Blue B, BG, G (C.). These 
ooiou]^ matters are produced by the action of 
diazotiBed nitroaminophenols on peri- derivatives 
U naphtbedene. 


III. BrSAZO- OOMJOUNDS.l 

A. Primary Disazo- Colouring Matters.’’ 
LeathCT Brown (0.) : 

NH3-CcH,N,-CeH3(NH3)3-N,U3H4NH,, 
Prepared by combining 2 mols. of p-jjjazoaoet- 
anilido with 1 mol. of w-phenylenediamine, 
and heating the product with strong hydro- 
chloric acid. Commercial product is the mono- 
hydrochloride or the zinc chloride double salt. 
The brown aqueous solution becomes yellower 
on addmg Jiydrochlonc acid, and gives a brown 
precipitate with sodium hydroxide. The sub- 
stance gives a brown solution in sulphuric acid, 
which becomes yellowish-brown on dilution. 

Literature. — E, P. 11218 of 1891 ; B. R. P. 
67429; A. P. 462414. • 

Terra Cotta F (G.) ; Clayton Cotton Brown 
(Cl. Co.) : • 

P •N3-C„H2(NH2)3 N3-C.oH 3-SO,H 
Prepared by combining first diazotised naphthi- 
onic acid and secondly diazotised prirauline 
with wi-phenylenediamine. Solution in water 
is brown, giving a brown precipitate with hydro- 
chloric acid. Siil|7huric acid dissolves colour to 
a reddish-violet solution, giving a brown pre- 
cipitate on dilution 

Literature.— E. P. 1688 and 8215 of 1890; 
D. R. P. appl. C. 5870 ; F. P. 203439 ; A. 1’. 
440288. 

Cotton Orange R (B.) ; 

P 3 •N2-C,(NH2)3(S03H)3-N2'CsH4-S08lB 
Prepared by combining first diazotised primuline 
and secondly diazotised niotanilic acid with 
m-phenylenoduiniinedisulphonic acid. The 
orange-red aqueous solution gives a reddish 
precipitate with hydrochloric jicid. Solution in 
sulphuric acid is bright red, precipitating on 
dilution. • 

Literature..— E. P. 21753 of 1893 ; B. R. P. 
76118 ; F. P. 231694 ; A. P. 524261. 

Anthracene Acid Brown G (C.) (Marden, 
Orth, and Hastings Corpor.^tion) : 

HS03-C«H4-N,C,H3(C02H)(0H)-N8-C8H4-N0, 

Prepared by combining diazotised sulphanilio 
acicl (1 mol.) and drazotised p-nitroaniline 
(1 mol.) with salicylic acid (1 mol.). Aqueous 
solution is reddish-brown, and that in sulphuric 
acid is bluish-grccn. 

Literature.— E. P. 17590 of 1890 ; B. R. P. 

1 95006 ; F. P. 258783. 

Resorcin Brown (A.) (K.) (H.) (I.) (B. K.) 
(Sch.) : 

Diazoxylene chloride is combined with resorcin 
yellow. Aqueous solution gives a brown 
precipitate with acids. BiBsolves in aulphurio 
acid with a brown colour. 

I Literature.— T). R. P. 188GI ; A. P. 269369. 


^ See DiSAZO- AND TETRAZO- OOLOUIlINa 

MATTERvS. , . 

a It will be sufficient to give the chemical formults of 
these (Usazo-uompouiuls without giving their names In 


» P=residue of prlmullue or dehydr§thlotululdlno 
refers to Bulphonic acid. 

♦ According toHeumann (Die Anlllnfarben and Uire 
Fabrikatlon) the formula Is— 

P- N* C|H( NHflCSOaH),’ NH' 
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Azo. oolouking matters. 


Fast Brown G JA.) ; Acid Brown (D.) (P.) ; 
Acid Brown G (T. M.) (B. K.); 

(HSOa-CeH,-Nj,)aCioH6-OH(a) 

Prepared by the action of diazotised sulphanilic 
acid (2 raols.) on a-naphthol (1 mol). Aqueous 
solution' *red-brown ; violet precipitate with 
dilute acid. Sulphuric acid solution violet, 
becoming yellowish -brown on dilution. 
Literature. — Krolin, Bor. 1888, 21, 3241. 

Fast Brown (By.) ; Resorcin Dark Brown 
(B.K.) ; (IIS 03 -C,oH« N 2 )aC,H 2 (OH),. Prepared 
by the action of diazotisod naphthionic acid 
(2 mols.) on resorcinol (1 mol). Brown aqueous 
solution gives a readily soluble precipitate with 
hydrocliloric acid, and becomes cherry-rod with 
sodium hydroxide. Solution in sulphuric acid 
is curi-ant-red. 

Literature. — D. R. P. 1881)1. 

^ Palatine Black A (B.) ; Wool Black 4 B and 
6 B (A.) ; Buffalo Black PY (Sch.) 

HS03-C,H,-N./CioH3(S03H)(OH)(NH.,)-N,-C,oH, 

Prepared by the action of diazotised sulphanilic 
acid (1 mol) on 1 : 8-aimnonapl4liol-4-sul- 
phonic acid in acid solution, and treating the 
product in alkaline solution with diazotised 
a-naphthylamine (1 mol) in alkaline solution. 
Dark-blue aqueous solution becomes bluish-green 
with hydrochloric acid and pure blue with 
sodium hydroxide. The solution in sulphuric 
acid is blue, giving a dark-blue precipitate on 
dilution. 

Literature. — R. P. 7713 of 1891 and 9894 of 
1893; D. R. P. 71199, 91855; F. P, 213232; 
A. P. 690088, 593790. 

Naphthol Blue Black S ; Naphthol Black 
12B(0.); Naphthol Blue Black B ; Acid Black 
16622 (L.) ; Wool Black 6 G extra cone. (T. M.) ; 
Naphthalene Black 10 B (P.) ; Blue Black NB 
(K.); Cooraassie Blue Black (Lev.); Amido 
Black 10 BO (M.) ; Amido Acid Black 10 B (A.) ; 
Naphthylamine Black 10 B (By.) ; Buffalo Black 
NB (Sch.) ; Agalma Black 10 B (B.) : 

N 02 -C,H,-N,-CioH,{S 03 H) 2 (OH)(NHa)'N,-C,H, 

Prepared by the action of diazotised p-nitro- 
anilme (1 mol.) on 1 ; 8-aminonaphthol-3 : 6- 
disulphonio acid (H-acid) in acid solution, and 
trcpatmg the product in alkaline solution with 
diazotised aniline. The dark- blue aqueous 
solution gives a blue precipitate with hydro- 
ohlorio acid. The solution in sul[)huric acid 
18 green, giving a blue precipitate pn dilution. 

Literature . — E. P, 1742 and 9972 of 1891 ; 
D. R. P. 65651 ; F. P. fourth addition to 201770 ; 
A. P. 480326. 

Domingo Blue Black (various marks) (L.). 
Isomeric with the preceding, 1 ; 8-amino- 
na;^thol-3 : S-disulphonicacid being used instead 
of jS>acid. Mark B gives a violet aqueous solu- 
tion, and a green solution in sulphuric acid. 

Literature.— K P. 19263 of 1895; D. R. P 
appl. F 8626 ; A. P. 606438. 

Chrome Patent Green N, C (K.) : 
{N0*)aC6Ha-Na-Ci,H2(IS03H)2(NH2)-0H 

I I 

» 9H Nj-CeHs 

Prepared by the action of diazotised aniline 
(1 mol) and diazotised picramic acid (1 mol.) 
on 1 ; 8-amiuonaphthol-4 ; O-diuulphonic acid. 


Literature . — E. P. 16074 of 1899 ; D. R. P. 
110711 ; F. P. 2913^16. 

Blue Black N {K.y. 

N 03 *CeH,N 2 -CioH 3 (S 03 H) 3 (OH)-NHj, 

I 

Na-CoHs 

Prepared by the action of diazotised p-nitro* 
aniline (1 mol) on 1 : 8-arainonaphthol-4 : 6- 
disulphonic acid in acid solution, and treating 
the product in alkaline solution with diazotisod 
aniline. 

Lderatuie.—\). R. P. 108206 ; F. P. 271070 ; 
A. P. 563384, 613639. 

Supramine Black BR (By.). The special 
base used in the })reparation of this colouring 
matter is p-aminoplicnyl ether. Two mols, (or 
one of this and one of another base) are diazo- 
tised and combined with 1 : 8-aminonaphthol- 
4 : 6- or 3 : 6-disulphonic acid. 

Literature.— ¥. 14 402546 ; A. P. 958830. 

Janus Yellow R (M.) 

N(CH3)3ClCJI*-N3-Celi3(OH)3-N3-C,H,-N0.3 
Prepared by combining diazotised m-amino- 
phenyltrimethylammonium cldondo with m- 
nitrobenzeneazoresorcinol "^I'ellowish - brown 
aqueous solution gives a yellowish -brown pre- 
cipitate. Solution in sulphuric acid is magenta- 
red, becoming yelh^w on dilution. 

Literature. — E. P. 6119 of 1897 ; D. R. P. 
93499, 95530, 99127, 100420; F. P. 264579; 
A. P. 623()97. 

Azidine Fast Scarlet GGS, 4BS, 7 BS (C. J.). 

Tlie.se dyes are prepared by the action of 2 
mols, of a diazo- compound on the substance 

HS03 *CjoH 6(OH)-NH'CO-NH-C6H2(CH3)’S03H 

0 H-CiaH 3 (S 03 H)-NHC 0 -NH 

The brand GGS is made from diazotised 
o-toluidine (2 mols.), 4 BS from diazotised o- 
toluidine (1 mol.), and diazotised ^-naphfchyl- 
amine (1 mol), and 7 BS from diazotised )3- 
naphthylamine (2 mols.). 

Literature.— E. P. 1781 of 1910 ; D. R. P. 
appl J. 11718; F. P. 412138; A. P. (appl) 
541843. 

Benzo Fast Scarlet GS, 4 BS, 8 BS, &c. (By.). 
These dyes are obtained by the action of 2 mols. 
of a diazo- compound on the urea produced by 
the action of carbonyl chloride on 2 mols. of 6- 
amino-a-naphthol-3-8ulphomc acid (J-acid) : i.e. 
HS03 -C,oH 3 (OH)*NH-CO-NH-Cu,H 5(OH)-)S03H, 
or by treating azo- colouring matters from diazo- 
compounds and J-acid with carbonyl chloride 
or with carbon disulphide. 

Literature.— E. P. 3616 of 1900 ; D. R. P. 
122904, 126133, 126801, 128196, 132511, 133466; 
F. P. 297367 ; A. P. 663498, 662122, 676629, 
675632. 

B. Secondary Disazo- Colouring Matters. 
Sudan III (A.) ; Cerasine Red (C.) (Barking 
Chemicals Co., Ltd.); Fat Ponceau G (K.) ; 
Scarlet R (C. J.) ; Scarlet B Oil Soluble (B, K.) ; 
Moti Red 2 R (T. M.) ; Pyronal Red B (D.) ; 
Oil Red 0 (Sch.) : 

CoHj-Na-CeH.-Ns-CioHa-OHtiS) 

Prepared by the action of diazotised aminoazo 
benzene on jS-naphthol Insoluble in water i 
dissolves in sulphuric acid with a green colour, 
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beoominjg blue, and finally red and precipitating 
on dilution. 

Literature. — Nietzki, Ber. 1880, 13, 1838 ; 

E. P. 6003 of 1879 ; D. R. P. 16483, 65779 ; 

F. P. 134802. 

Ponceau 5 R (M.) (K.) ; Erythrine P (B.) : 

CoH,-Na-CeH4'N,C\oHa(S03H)30H 
Frepared by the action of diazotised aminoazo- 
benzene on j3-naphthol-3 : 6 : 8-trisulphonic acid 
in alkaline solution. Cherry -red aqueous solu- 
tion gives a brown precipitate with hydrochloric 
acid, and becomes violet with sulphuric acid. 

Literature . — E. P. 2544 of 1882; U. R. P. 
22038 ; P. P. 149249 ; A. P. 208507. 

Cloth Red G (By.) ; Cloth Red R (D.) ; Silk 
Red R (B.) ; Fast Silk Red (0.) : 

C«H 5 -NfC 6 HfNfCioH,(S 03 H)-OH 
Prepared by the action of diazotised aminoazo- 
benzene on a-naphthol-4-sulphonic acid in 
alkaline solution. Dissolves in sulphuric acid 
with a violet colour, giving a brownish-red 
precipitate on dilution. 

Literature. — E. P. 2237 of 1883 ; D. R. P 
26012. 

Crocelne B (Sch.). The diaulphonic acid 
corresponding with the prccedhig ; produced 
by the action of diazotised aminoazobenzeiic 
on a-naphthol-4 : 8-disulphonk! acid. 

Literature.— P. 15775 and 15781 of 1885 ; 
D. R. P. 40571 ; F. P. 173083, 173084 ; A. P. 
333037. 

Crocelne AZ (C,). Isomeric with the pre- 
ceding. Prepared from a-naphthol-3 : C-disul- 
phonic acid. The solution in water is red, and 
in sulphuric acid reddish-violet. 

BrilUant Crocelne M (C.)(B K.) (0.); Brilliant 
Crocelne 3 B i,By.) ; Brilliant Croceine bluish 
(M.) ; Brilliant ‘Croceine 0 (K); Brilliant 
Croceine, extra cone. (T. M.) ; Cotton Scarlet 
(B.) ; Ponceau BO extra (A.) ; Croceine 3 B 
(P.) ; Crocelne AZ (K. S.) ; Paper Scarlet (M.) : 

Prepared by the action of diazotised aminoazo- 
benzene on j3-naphthol-6 ; S-disulphonic acid. 
Dissolves in sulphuric acid with a reddish- 
violet, becoming first bluer and then red on 
dilution, 

Literature. — E. P. 816 of 1884 ; D R. P. 
36491 ; F. P. 169998 ; A. P. 314939. 

Azo Add Violets (various marks) (By.) arc 
prepared from diazotised aminoazobenzene (and 
• similar compounds) and 1 ; 8-dihydroxynaph- 
thalene-4-Bulphonio acid (or disulphonic acid). 

Literature.— E. P. 3397 of 1890; 5984 of 
1891 ; D. R. P. 67021, 64017. 

Sudan IV (A.) (D.) ; Oil Ponceau (M.) (W.) ; 
Cerotine Ponceau 3 B (C. J.) ; Fat Ponceau R 
(K.i; Scarlet BBB Oil Soluble (B. K.); Red 
P 16W (P.). {See also Fast Azo Garnet, p. 467.) 
C,H,-N,-C, HfN^'Cio Prepared from 

diazotised o-aminoazotoluene and j3-naphthol. 
Insoluble in water, but soluble in alcohol or 
benzene with a bluish-red colour. Sulphuric 
acid gives a blue soiution, which yields a red 
precipitate on dilution. 

Cloth Red B (By.) (D.): 

0,H7-N,‘C,H,-NjCioHb(S 08H)-OH 
Prepared by the action o! diazotised o-amino- 
azotoluene on a-naphthol4*aulphomo acid. 


The red aqueous solution givep a red precipitate 
with hydrochloric acid, and on adding so^um 
hydroxide* to the solution it becomes violet. 
The solution in sulphuric acid is blackish-blue. 

Literature.— B. P. 6003 of 1879 ; D. R. P. 
16482. J 

Cloth Red G (0.) ; Cloth Red G extra (By.) ; 
Cloth Red GA (A.) ; Acidol Cloth Red G (T. M.) : 

C:H7-NFC;HFN8-C\oH6(S03H)'OH(i8) 
Produced by the action of diazotised amino- 
azotoluene on j8-naphthol-6-8ulphonio acid. 
Dissolves in water with a red-brown colour 
giving a similarly coloured precipitate on addi- 
tion of acid. Dissolves with a blue colour in 
sulphuric acid, giving a brownish-red precipitate 
on dilution. , 

Literature.— E. P. 5003 of 1879 ; D. R. P. 
16482. - 

Cloth Bed B fO.) (K.); Cloth Red 0 (M.); 
Cloth Red BA (A.) ; Cloth Red BB (D.) ; Fast 
Bordeaux 0 (M.) ; Fast Milling Red B (Lev.) ; 
Wool Red B (0.) : 

C;H7*N,-CvH6N3-CioH*(S08H)a-OH(/3) 

Prepared by the action of diazotised aminoazo- 
toluene on /8-naphfliol-3 : 6-disulphon'c aqid (R- 
salt). Aqueous solution red, becoming brownish 
on addition of hydrochloric acid. Dissolves in 
sulphuric acid with a blue colour, giving a 
brownish- riid precipitate on dilution. 

Liieratme as under preceding colour and 
E. P. 636 of 1880. 

Cloth Red 3 G extra (By.) ; Cloth Red 3 GA 
(A.),- Cloth Red 3 G (0.) ; 

C;H;-NFC7He-NFCioHe(S03H)‘NH, 

Prepared by the action of diazotised amino- 
azotoluene on )3-naphthylamino-6-8ulphonic acid. 
The rod aqueous solution gives with hydrochloric 
acid a dark reddish-brown precipitate. The 
solution in sulphuric acid is dark greenish-blue, • 
and gives a brownish -red precijiitato on dilution. 
Bordeaux BX (By.) : 

CJI»-N 3 C,H«N 3 *CioH 6 (S 03 H)'OH 
Prepared by the action of diazotised amino- 
azoxylene on j3-naphthol-6-sulphonio acid. 
Solution in water is brownish-red, and gives a 
brownish-red precipitate with hydrochloric acid 
or sodium liydroxide. Sulphuric acid dissolves 
colour to a green solution, which gives a reddish- 
brown precipitate on dilution. 

Literalure.—E. P. 6003 of 1879 ; D. R. P. 

I 10482. 

! Union Fast Claret (Lev.) : 

C«H„-N2-O.H8-N,-CioH,(S03H)fOH(/3) 
Prepared by the action of diazotised aminoazo- 
xyleno on /3-naphthol-3 : 6-disulphonic acid. 
Soluble in water with a Bordeaux-red colour; 
reddish-brown flocculent precipitate on adding 
dilute acid. Solution in sulphuric acid dark 
blue, giving reddish-brown precipitate on 
dilution. 

Literature.— E. V. 5003 and 5021 of 1879, 
536 of 1880 ; D. R. P. 22010 ; A. P. 210233, 
246221. 

Croceine Scarlet 8 B (By.) (K.) (T. M.); 
Erythrine 2 R (B.) ; Ponceau 4 RB (As) : 

HSO,*CBHFN3’CeHFNa'CioH,(SO,H)*OH 

Produced by the action of diazotised ammoazo- 
benzenesulphonic efeid on /S-naphthol-S-sul- 
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phonic acid {Barjrer’s). Solution not precipi- 
tated by alkali ; a red precipitate produced by 
barium chloride, becoming dark-\iolet and 
crystalline on boiling. Dissolves in sulphuric 
acid with a deep- blue colour, becoming violet 
and thf'j red on dilution. 

Literature.—K P. 1226 and 2030 of 1881, 
2411 of 1883, 8390 of 1884; D. R. P. 18027; 
F. P. 142024 ; A. P. 25G380. 

Fast Scarlet B (K.) : 

HSO,-C„H,-N, C,H,*N 2 'C,oH,(S 03 H) oh 

Prepared by the action of diazotised aminoazo- 
benzenemonosulphonic acid on /3-naphtliol- 
6-8ulphonic acid (Scliaffer’s). Red .solution 
in water, giving brown precipitate with hydro- 
chloric acid and a red-violet colouration with 
sodium hydroxide. Solution in sulphuric acid 
is blue, and becomes red on dilution. 

Literature. — D. R. P. 10482, 

Cloth Scarlet G (K.) : 

HSOa-CoH^-NaCeH.-NjCioH^OH 
Prepared by the action of dia/otised aminoazo- 
benzenemonosulphonic acid on /S-naphthol. 
The scarlet solution in water gives’ a brown 
precipitate with sodium hydroxide, and becomes 
yellower on addition of hydrochloric acid wdien 
dilute, but in concentrated solutions a light- 
red precipitate is produced. The solution in 
sulphuric acid is green, becoming red on dilution. 

Literature.— E. P. 6003 and 6021 of 1879, 
636 of 1880; D. R. P. 10482. 

Milling Orange (D.) : 

HSOjGeH^-NaOeH^-Na-fl.HalCOalllOH ' 
Prepared by the action of diazotised aminoazo- 
benzenemonosulphonic acid on salicylic acid. 
Orange-red solution in water, giving greyish- 
yellow procipitiite with hydrochloric acid, and 
a dark-red solution and precipitate with sodium 
hydroxide. The solution in sulphuric acid is 
violet, giving a greyish-yellow precipitate on 
dilution. 

Ponceau 3 RB (A.) (R. K.) ; New Red L (K.) ; 
Ponceau B extra (M.) ; Fast Ponceau B (R.) ; 
Double Scarlet (K.) ; Scarlet EC (C.) ; Blackley 
Scarlet (Lev.) ; Scarlet B (P.) : 

HSO,-CflH,-Ne-CoH3(S03H)N,'OioHe-OH 
Prepared from diazoti.scd aminoazobenzene- 
disolphonic acid and )3-naphthol. Solution not 
precipitated by alkali ; a brown liocculent 
precijpitate by dilute acids. Dissolves in sul- 
hunc acid with a green colour, becoming first 
lue and finally brown and precipitating on 
dilution. 

Literature.— E. P, 6003 of 1879, 629 of 1880 ; 
D. R. P. 10482 ; A. P. 224927, 224928 ; Nietzki, 
Ber. 1880, 13, 800, 1838; Miller, ibid. 642, 
803, 980. 

Croceme Scarlet 0 extra (K.) : 

HSO a*C«H 4 •Na*C,H3( 8O3H) ’Na C 1 oH^CSOjH ) OH I 
^epared by the action of diazotised arainoazo- I 
benzenedisulphonic acid on /&-naphthol-8-sul- 
phonio acid. The yellowish-red aqueous solu- 
tion gives a violet colouration with hydrochloric 
acid or sodium hydroxide. The solution in 
sulphuric acid is blue, becoming yellowish-red 
on dilution. 

Croociue Scarlet 7 B (Ruoh & Fils) ; Ponceau 
ttRB (A.); Croeelne Searlet 8 B (K.) (By.); 
JfeytlBUie 7 B (B.) ; CooeeiHe 7 B (P.) ■ 


HSO,*C;H,-N,-C,H3Na-CioH6(S03H)-OH(3) 
Prepared bv the action of diazotised aminoazo 
toluenesulphonic acid on ^-naphthol-8-sulphoni( 
acid (Bayer’s) in presence of alkali. Resemble* 
croceino scarlet 3 B in general properties ; give* 
a crystalline magnesium salt on adding magne- 
.siiim sulphate to hot concentrated solution and 
allowing to cool. Dissolves with a blue coloui 
in sulphuric acid, becoming red on dilution. 

Literature as for croceme scarlet 3 B ; and 
A. P. 250375. 

Orseilline 2 B (By.). Prepared by the action 
of diazotised aminoazotoluenesulphonic acid 
on a-naphthol-4-sulphomc acid. Dissolves with 
a blue colour in sulphuric acid, becoming red 
on dilution. 

Literature.— E. P. 2237 and 4237 of 1883; 
D. R. P. 26012. 

Bordeaux G (By.) (M.). Prepared by the 
action of diazotised aminoazotoluenemono- 
sulphonic acid on.i/S-naphthol-O-sulphonic acid. 

Ltirralure.—E. P. 5003 of 1879 ; D. R. P. 
10482, 10483. 

Eriochrome Verdone A (G.) : 

HS03*C,H,N3’0-H3(OH)’N3’C\oHfi*OH 
Sulphanilic acid is diazotised and combined with 
7»-amino-;j-cresol and the product is diazotised 
and combined yith /8-naphthol. The violet 
aqueous solution becomes claret-red with 
hydrochloric acid, and blue-green with sodium 
hydroxide. The solution in suljihuric acid is 
green, giving a brown-rod precipitate oh dilu- 
tion. Wool is dyed in clarct-red shades from 
an acid-bath and on chroming becomes blue- 
green. 

Literature.— E. P, 13903 and 13904 of 1909; 
D. R. P. 201377, 224024, 227197 ; F. P. 404530. 

Ponceau 10 RB (A.) : 

H80;Cen4-N3’Cell3(()’CU3) N2’CjoH3(803H) OH 
Sulphanilic acid is diazotised and combined 
with o-anisidinc, and the product diazotised 
and combined with )3-naphthol-8-sulphonic acid. 
The aqueous solution is rod, and that in sul- 
phuric acid blue. 

Janus Red B (M.) : 

N(CH3)3Cl’C3H4N3-CeH3(CH3)’N3’C,oH3*OH 
Prepared by diazotising m-aminophenyltri- 
raethylammomum chloride, combining with 
m-toluidine, diazotising the product and com- 
bining with i8-naphthol. The red aqueous 
solution gives a brownish-red precipitate with 
hydrochloric acid and a bluish-violet precipitate 
with sodium hydroxide. The solution in sul- 
phuric acid is green, and gives a red precipitate 
on dilution. 

Literature.— E. P. 5119 of 1897, 10696 of 
1898; D. R. P. 93499, 96718, 98686, 100919; 
F. P. 264679 ; A. P. 623697. 

Neutral Grey G (A.) : 

C*H6-N3-CaoHo-Na-C,oH4(S03H)(NHa)*OH 
Diazotised benzeneazo-o^naphthylamine ia'com- 
bined with 7-amino-a-naphthol-3-8ulphonic acid 
( 7 -acid), it gives a blackish- violet solution in 
water, and a bluish-green in sulphuric acid. 

Literature.— J). R. p. appl. A. 3743. 

Nyanza Black B (A.) : 

NH3C,H4Na'CioHe-Na-C,oH4(SO,H)(NH,)-OH 
Prepared by the action of diazotised 
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benzeheazo-a-naphthylamme (only one amino- 
group is diazotised) ^ on 7-amino-a-naphthol- 
3-8uIphonio acid (7-acid). Solution is dark- 
violet and gives violet precipitates with hydro- 
chloric acid and Sodium hydroxide. The 
solution in sulphuric acid is blue, and gives a 
violet precipitate on dilution. The colouring 
matter itseli produces only indifferent sliades, 
but when diazotised and developed on the fibre 
fSiSt shades are obtained. When developed 
with TO-tolylenediaminc, a brown-black is 
obtained, and with ^-naphthol a navy-blue. 

Literature.— E. P. 277 and ()()30 of 1892; 
D. R. P. 72393, 72394, 80421 ; F. P. 221378 ; 
A. P. 491410, 611088, 512107. 

Coomassie Wool Black R (Lev.) 

NH 2 *CJL,-N 2 -C,oH„-N 2 -Ci„H,(S 03 H)-OH 
Prepared by the action of diazotised p-acetyl- 
amiiiobcnzeneazo-a-naphthylamine on ^-naph- 
thol-O-sulphonic acid (Schaffer’s), and hydrolys- 
ing the product. The da\k-violet solution 
gives a precipitate with hydrochloric acid. The 
solution in sulphuric acid is green, becoming 
red on dilution. 

Literature. — F. P. 24980 of 1899; 1>. R. P. 
122457 ; A. P. 0.54107, 054108. 

Coomassie Wool Black S (Lev.): 

NH3'C«H,‘N2’C,uH„‘N/CioJi4('S03H)2*OH 
Prepared as th'j . preceding dyestuff, the final 
component being j3-napht)iol-3 ; O-disulphonic 
acid (R-salt). The blue- black aqueous solution 
becomes redder with hydrochlonc acid. The 
solution in sulphuric acid is green, becoming 
red on dilution. 

Literature. — as above. 

Diaminogen BB extra ((^) : 

NH2Uio'n6(SOaU) N, C,„Hb ^2 CiolVSOsHyOH 
Monoacetyl-1 : 4-naphthylcnediamine-7-sulpbo- 
nic acid is diazotised and combined with 
a-naphthylaininc, the intenucdiate product 
diazotised and combined with 7-ainmo-a- 
uaphthol-3-8ulphonic acid (7-acid), and the 
product hydrolysed. When diazotised and 
developed on the fibre a fast black is produced. 

Literature. — E. P. 15444 of 1893; 1>. R. P. 
78831, 79910; F. P. 232299; A. P. 533403, 
660796. 

Diaminogen Blue BB (C.) ; Diazanil Blue BB 

(M.). Prepared as the preceding, but the end 
component is i8-naphthol-6-sulphonio acid 
(Schaffer’s). 

• Literature as abo\ e. 

Diuninogen Blue G (C.). Prepared as above, 
the end-component being ^-naphthol-3 : 6- 
disulphonic acid (R-salt). 

Literature as above, 

Diazo Indigo Blue is an analogous product. 

* Zambesi Sky Blue 4 B (A.). Prepared from 
diaaotised monoacetyI-3 ; fi-diaminocresyl methyl 
ether combined with a-naphthylamine,* the 
intermediate product being diazotised and 
combined with jf^-naphthol-G-sulphonic acid 
and the end-product saponified. The reddish- 
violet aqueous solution becomes redder with 

Z All the authorities give the above constitution fiir 
this cotourlr^ matter, but it is gcnei ally understood that 
a benssenoW amino- group Is diazotised preferably to a 
aaphthalenold amino- group. 

• According to Buntrock (Zeltsch, Farben-Ind. 1902, 
i, al4). The patents quoted give the 6- or T-sulphonlc 
im wt tntormediate component- 


hydrochloric acid and blu%r with sodium 
hydroxide. The solution in sulphuric acid is 
blue, and becomes violet-red on dilution. 

Literature. — E, P. 2188 of 1901 ; D. R. P. 
126172. 

Victoria Black B (By.)- . J 

HS 03 CJI,-N 3 Ci«H 3 N 3 -CioH 4 (OH) 2 -S 03 H 
Prepared by the action of diazotised p-sul- 
phobenzencazo-a-naplitiiylamine on 1 : 8-dihy- 
droxynaphthalenc-4-sulphonic acid. The dark 
reddish - violet aqueous solution gives with 
hydrochloric acid a Bordeaux-red precipitate, 
and with sodium hydroxide becomes dark- 
blue violet. The solution in sulphuric acid is 
moss-green, changing on dilution to sea-green, 
and then to bluish-red. , 

Literature.— E. P. 136(>5 of 1889 ; D. R. P. 
61707, 62945 ; F. P. 200520 ; A. P. 466202. . 

Buffalo Black 10 B (Seh.) ; Acid Black N (P.): 

lIS03r8U^-NyC.„U,-N2-0,oH3{803H)3(OH)NHa 
Prepared as the preceding, except that 1 ; 8- 
aiuinonaphthoI-3 : 6-di8ul])honic acid (H-acid) is 
u.sed as the end-component. The solutions in 
water or sulphuric acid are blue. 

Literature. — A. F. 618963. , 

Jet Black R (By.) : 

(H803),(!«H/N3-(:,oHe-N3-C,oH«-Nll'C.H5 
Prepared by flic action of diazotised disulpho- 
benzeneazo-a-naplitiiylamine on phenyl-d- 
naphthylaminc. The bluish • violet aqueous 
solution gives a bluish-black jirecipitate with 
hydrochloric aiiid, and a soluble violet precipitate 
with sodium hydroxide. Sulphuric acid dis- 
solves the colouring matter to a blue solution, 
which gives a greenisli-bluo precipitate on 
dilution. 

Literature.— E. P. 14442 of >688 ; B. R. P. 
48924 ; F. P. 193430 ; A. P. 425886. 

Diamond Black F (By.) (B.) (L.) ; Chrome 
Fast Black FRW (1.) ; Chrome Deep Black 
(T. M.) ; Salicin Black D (K.) ; Era Black F 
(Lev.); Fast Chrome Black B (Sch.); Fast 
Mordant Black B, T (M.) ; Chi^)rae Black J (H.) : 
C0,h-c;^H3(0H)'N2’CiJ{6-N2-Ci„H6(S08H)'0H 
Aminosalicylic acid is diazotised and combined 
with a-naphthylamine, and the product diazo- 
tised and combined with a-naphthol-4- (or 6-) 
sulphonic acid. Bluish-violet solution gives 
violet precipitate with hydrochloric acid, and 
becomes blue with sodium hydroxide. Solution 
111 sulphuric acid is greenish, giving a violet 
precipitate on dilution. Similar dyestuffs are 
Era Blacks J and NG (Lev.). 

Literature.— E. P. 8299 of 1889 ; D. R. P. 
61504 ; F. P. 198521 ; A. P. 438438. 

Nerol B (A.) : 

CeIl5-NH'CeH3'N,C,oH3-N,-CioH4(SO,H), 

I 1 

SO3H OH 

p-Aminodiphenylamine o-sulphonic acid is di- 
azotised and combined with a-naphthylaraine, 
and the intermediate product is diazotised and 
combined with )8-naj)hthol-3 : G-disulphonio acid 
(R-salt). Bark vioiet-bluc solution ^ wa^ 
gives a blue precipitate with hydrochloric acid. 
The solution in sulphuric acid is dark blue- 
violet, giving a blue- violet precipitate on dilu» 
tion. 
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Literature.-— 1^^, P. 24627 of 1897 : D. R. P 
101274; F. P.271609. 

Nerol 2 B (A.). Prepared as the preceding, 
except that the last component is a-naphthol-4- 
sulphonic acid. 

Prf^Derties and literature as above. 

Diamond Green (By.) : 

C,H8(OH)-N2-(hoHa-Na-aioH4(S03H)(OH)3 

CO 2 H 

Prepared by diazotising aminosalicylic acid 
and combining with a-naphthylamme, the 
intermediate product being diazotised and 
combined with 1 : 8-dihydroxynaphthaleno-4- 
sulphonic acid. 'I’ho blackish- violet aqueous 
solution gives a dark reddish -violet precipitate 
with hydrochloric acid, and becomes dark blue 
'vith sodium hydroxide. The solution in 
sulphuric acid is bluish-green, becoming greenish- 
blue, and finally giving a blaokish-violet pre- 
cipitate on dilution. 

Literature.— E. P. 8299 of 1889 1828 of 
1890; D. R. P. 61504, 62003; F. P. 198621 ; 
A. P. 438438. 

Naphthylamine Black D (C.) (K.) ; Deep 
Black D, cone. (T. M.) ; Coomassie Wool Black D 
(Lev.) ; Buffalo Black AD (Sch.) ; Acid Black 
NN (I.) ; Naphthalene Black R (H.) : 

(HSOalaCioHs-Na'CroHfl-Na-CioHfi'NHa 
o-Naphthylaminc-3 : O-disulphonic acid is diazo- 
tised anci combined with 0 - naphthylamine, 
and the intermediate product diazotised and 
combined with a-naphthylamme. The violet- 
black aqueous solution gives a black precipitate 
with hydrochloric acid. 'I3io solution in sul- 
nhurio acid is bluish-black, and on dilution 
becomes green, and finally gives a black 
precipitate. 

Literature.— E. P. 18425 of 1888 ; i). R. P 
60907; F. P. 170342; A. P. 412440. 

Naphthylamine Black 4 B (0.) ; Naphthalene 
Black D (H.) is a mixture of Naphthol blue- 
black and the preceding colouring matter. 

Naphthyl Blue Black N (0.) ; Alphyl Blue 
Black 0 (M.). 4 : 7-Disulphonaphthaiencazo- 
«-naphthylamine is diazotised and combined 
wth aminonaphthol ethyl ether. The dark- 
violet aqueous solution turns blue and gives a 
blackish-biue precipitate with hydrochloric 
acid, and becomes blue and precipitates with 
sodium hydroxide. The solution m sulphuric 
acid is dark blue, which on dilution becomes 
blue, and finally bluish- violet. 

Literature.— Clwm. Ind. 1896, 19, 648. 

(P Slack B (C.) ; Phenylene Black 

(HSO.),C,oH,*N2C,oHa-Na-0,H3(NH*C.H,), 
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ft-Naphthylamine-S : 6 (4 : 7-in the case of the 
latter dye) -disulphonic acid is diazotised and 
oorabmed with a- naphthylamine, and the pro- 
duct diazotised and combined with diphenybw- 
plMnylene^amine. The dull-violot aqueous 
solution gives a violet precipitate with hydro- 
chlimc acid. The solution in sulphuric acid 
® greenish-black precipitate on 

dilution. 

Literature.— E. P. 4826 and 7977 of 1889 • 
D. R. P. 62616, 61202 ; F. P. 196793, 197963 ; 
A< P. 602912. 


Haphthol Blaek B (C.) ; Brllltont Blsei B 
(B.)j Kaphtliol Blaok OPAS (Lev.); Buffalo 

Wool Black B, SG (D.) : ^ 

(HS03)2CioH5-Na*CioHe'Na*C,oH4(S03H)2.0H 
/3-Naphthylamine-6 : S-disulphonic acid is dia- 
zotised and combined with a-naphthylamine, 
and the product diazotised and combined with 
8-naphthol-3 : O-disulphonic acid (R-salt). The 
violet aqueous solution gives with hydrochloric 
acid a reddish- violet and with sodium hydroxide 
a blue precipitate. The solution in sulphuric 
acid IS green, becommg bluer on dilution, and 
then giving a reddish-violct precipitate. 

Literahi^re.—E. P. 9214 of 1885 ; U. R P 
39029 : F. P. 170342 ; A. P. 345901. 

Naphthol Black 2 B (Lev.) is prepared as 
the preceding, but starting with a-naphthyl- 
amino-3 : 6-disulphonic acid. 

I « d'????*'’?! ® ® <'’•> > 

6 B (II.) ; Bnlliairt Black BD (B.) ; Naphthalene 
Black 6 B (P,); Naphthol Black (I).); Acid 
Black 6 B, BR (T. M.) ; Wool Black (B. K.) ; 
Acidol Black (T. M.) is prepared by the action 
of diazotised 4 ; 7-disulphonaphthaleneazo-a, 
naphthylamine on ^-naphtholdisiilphonic acid 
(R-salt). Aqueous solution dark violet, becom- 
ing dark blue with acid or alkali ; dissolves in 
sulphuric acid wuh a dark-green colour, becoming 
blue on dilution. ° 

Literature.— E. P. 9214 of 1886 ; D. R. P 
39029; F. P. J 70342 ; A. P. 346001. 

Sulphone Black G, R(By.): 

C\Tl6-N3ChoH6(803H)N2-C,oH4(OH)2-S03H 
Diazotised aniline is corabmed with o-naphthyl- 
amine.C-(or 7)-8ulphonic acid, the product 
diazotised and combined with 1 : 8-dihydroxy, 
naphthalene -4-8 u 1 phonic acid. The aqueous 
solution is reddish-violet, and that in sulphuric 
acid is greenish- blue. 

Biebrich Pateit Black BO (K.) : 
(HSO,)aC4oH3-Na-CioH5-N3-CioH4(S03H)a’OH 
iSO,H 

a-Naphthylaminedisulphonic acid is diazotised 
and combined with a-naphthylamine-6-(or 7)- 
sulphonic acid, the product diazotised and com- 
bined with ^-naphthol-3 : 6-disulphonic acid 
(R-salt). The dark reddish- violet aqueous 
solution is turned slightly blue with hydrochloric 
acid and pure blue with sodium hydroxide. 
Solution in sulphuric acid is dark greenish-*’ 
blue, becoming dark violet on dilution. 

LUerature.—E. P. 2718 of 1892; D. R. P. 
73901, 83572, 84460; F. P. 219424; A. P 
476070, 646068, 646069. 

Biebrich Patent Black 4 AN (K.) ; 
HS03-CioHe*N2*C4oH3(S03H)N>*C,oH,'NH, 
Prepared froin diazotised naphthionio acid and 
a-naphthylamine-6-(or 7)-suIphonio a.cid, the 
product being diazotised and combined with 
o-naphthylamine. The violet aqueous solution 
gives a bluish-black precipitate with hydro- 
chloric acid, and becomes blue with sodium 
hydroxide. Solution in sulphuric acid is 
bluish-green, giving a bluish- block precipitate 
on dilution. Similar dyestuffs bear the brands 
6 AN, 4 BN. and 6 BN. 

References as above. 
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Anthracene Acid Black (various marks) (C.) : 

OH*CaHj‘Na‘C,oH5-Na‘CioH4(S08H)a-OH 

CO,H SO 3 H 

Aminosalicylic acid is diazorised and combined 
with a-naphthylamine-6-(or 7)-8ulphonic acid, 
and the product diazotisod and combined with 
3-naphthol-3 : 6-disulphonic acid (R-salt). The 
violet aqueous solution gives a violet precipitate 
with hydrochloric acid, and becomes bluish- 
violet with sodium hydroxide. Solution in 
sulphuric acid is green, giving a violet precipitate 
on dilution. 

Naphthalene Acid Black 4 B (By.) : 

HS03-CeH4-N3’C,oH3(S03H)N3*Ci„n3'NH3 
Metanilic acid is diazotised and combined with 
the same acid as in the preceding, and the 
pro'Juct diazotised end combined with a-naph- 
thylamino. Aqueous solution is violet, becoming 
blue with hydrochloric acid,, and rodder witli 
sodium hydroxide. Solution in sulphuric acid 
is blue, becoming violet on dilution. 

Sulphocyanines (various marks) (By.) ; Tolyl 
Blue GR extra, 5 R extra (M.) ; Coomassie Navy 
Blue (various marks) (Lev.) are prepared from 
diazotised motamlic acid, which is combined 
with a-naphthylaminc, the product being 
diazotised and combined with ^ohenyl- or tolyl- 
o-naphthylaminc-S-sulphomc acid. "^Thc violet 
aqueous solution gives a greyish-blue precqutati' 
with hydrochloric acid. Solution in sulphuric 
acid is blue, becoming greener and giving a blue 
precipitate on dilution. iSiinilar dyes ai‘o 
Sulphone Black 3 B, 4 BT (By.) (c/. D. R. 1‘. 
75C71). 

Literature. — I). R. P. 118G55. 

Sulphoncyamine Black B, 2 B (By ) ; Tolyl 
Black B, BB (M.). a-Naphthylamine-h-sulpho- 
nic acid is diazotised and combined with o- 
naphthylamine (or with (Revo’s acids), tlie jmi- 
duct being' diazotised and combined with 
phonyl-a-napluhylamme-8-sulphonic acid. The 
aqueous solution is violet, and that in suljiluirie 
acid dark blue. 

Litera'ure. — 1). R. P. 118665. 

Brilliant Crocelne 9 B (C.) : 

(HSO,)aCioH3-N2-C6H4*N3-CioH4(S03n)a*OII 
/8-Naphthylamine-6 : 8-disulphonic acid Is dia- 
zotised and combined with aniline, the product 
being diazotised and combined with a mixture 
of j3-naphthol-3 : 6- and 6 : 8-disulphonic acids, 
^he bluish-red aqu'^nis solution becomes darker 
and bluer with hydrochloric acid, and brownish 
with sodium hydroxide. The solution in 
sulphuric acid is blue, changing to bluish-red on 
dilution. 

Fast Sulphone Black F, FB (K. S.): 

H80,-CioH4-N3-C\^,H3(SO,H)3(OH)-N,-Ci^4*OH 

Naphthionio acid is diazotised and combined 
witn 1 : 8-aminonaphthol-3 : 6-disulphonic acid 
(H-acid), the prode it diazotised and combined 
with jB-naphtnol. The solution in water is 
greenish- black, and in* sulphuric acid blackish- 
violet. 

Literature. — E. P. 14768 of 1903 ; D. R. P. 
IS8134. ^ 

0. Tetrazo- Colouring Matters. 
Anthracene Yellow C (C.) (Bj.); Fast 


Mordant Yellow GI (B.) ; Acid Alizarine Yellow 

RC (M.) : • 


S-^CBH4-N3-CaH3(CO,H)'OH 

^\ 0 eH 4 -N 3 ' 03 H 3 (C 03 H)-OH 


Prepared from tetrazotised thioaniline and 
salicylic acid (2 mols.). The light y^wish- 
brown aqueous solution gives a greenislf-Drown 
precipitate with hydrochloric acid. The solution 
m sulphuric acid is dark reddi.sh-violet, giving 
a yellowish-grey precipitate on dilution. 

Milling Red G (C.) : 


g^CsH4-N3-C,„H,(S03H)-0H 

^\C6H,-N3-Ci„H,(S03H)-0H 


Similarly prepared from tetrazotised thioaniline 
and ;8-naphthol-G-sulphonic acid (Schaffer’s). 
The orange-rod aqueous solution gives a brown 
precipitate with hydrochloric acid. The solution 
in sulphuric acid is reddish-violet, giving a 
brown precipitate on dilution. 

Cotton Yellow G (B.); Benzo Fast Yellow 
5 GL (By.) ; Diamine Fast Yellow 3 G (C.) : 


•CeH4'N2'0eH3(CO2H)-OH 
•C3H4'N3-C3ll3(C02lI)-0H 
p-Aminoacetanilide is diazotised and combined 
with salicylic acid, the product hydrolyseik and 
treated with carbonyl chloride. The yellow 
aqueous solution gives a brown precipitate 
with hydrochloric acid, and becomes rather 
more orange with sodium hydroxide. The 
solution in sulphuric acid is orango-rod, giving 
a bluish-violet precipitate on dilution. 

Literature.— V.. P. 16258 of 1888; D. R. P. 
40737, 47902 ; A. P. 430535. 

Benzo Fast Pink 2 BL (By.) ; 




C(X--C6Ha(S03lI)’N3'CioH4(S03H)(OH)’NH3 

^V03H3(S03lI)*N3’Ci,H4(S03H)(OH)™3 
Prepared from tetrazotised di-p-iminodiphenyl- 
carbamidcdisulphonic acid and 7 - amino- a * 
naphthol-3-sulphonic acid (7-acid ; 2 mols.) in 
neutral or acid solution. The red aqueous solu- 
tion bccorae.s reddish- violet with hydrochloric 
acid and yellower with sodium hydroxide. The 
solution in suljihuric acid blue, giving an 
almost black jirecipitatc on dilution. 

Likiature. — E. P. 117GG of 1901 ; D. R. P. 
12938H, 131513; F. P. 31 1339; A. P. 687171 ; 
Zeitsch. Farbcn.-Ind. 1902, 1, 192 ; Chera. Zeit. 
1902, 26, 485. 

Milling Red R (D.) : 

^^»‘\C3H4N3C,oH4(SO,H)3‘OH 


Prepared from tetrazotised diaminodiphenyl- 
metbaiie and j3-naphthol-3 : 6-disulphonic acid 
(R-salt; 2 mols.). The corresponding colour 
from diaminodixylylmethano is Cinnabar Scarlet 
BF (B, K.), and that from diaminodixylylphenyl- 
methane is Cotton Ponceau (B. K .) ; Cmnabar 
Scarlet G, R (B. K.). They arc all also used for 
the preparation of lakes. 

Literature. — D. R. P. 43644. 

Bismarck Brown (most firms) ; Manchester 
Brown; Phenylene Brown ; Vesuvine; Leather 
Brown; Cinnamon Brown; English Brown; 
Brown A (P.) : 


(NH3)3C3H,-N3-C,H*N3C,H3(NHi), 
Prepared by adding a solution of 42*6 kilcA of 
sodium nitrite and 127*6 kilos of hydroohlorio 
acid to a solution* of m-pbenylenediamine 
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prepared by reducing 25D kilos of m-dinitro- 
oenzeno. The *commercial product is the 
hydrochloride. The aqueous solution gives a 
brown precipitate with sodium 'hydroxide. 
The solution in sulphuric acid is brown, becoming 
red oij dilution. 

Lmiture.—K P. 3307 of 1803 ; Zeitsch. f. 
Chem. 1867, 3, 278 ; Bor. 1807, 30, 2111, 2203, 
2899. 

Azo Alizarine Bordeaux W (1). H.) : 

C02H*CeH3(OH)-N,-CJT,-N2'C,oHr,(S03H)-On 

p-Aminoacetanilide is diazotisod and combined 
with salicylic acid, the product hydrolysed 
and diazotised and combined with a-naphthol- 
4-8ulphonic acid. The aqueous solution is red, 
and that in siilj)huric acid is blue. 

Ijlem/are.— E. 1033 of 1809; I). K. P. 

appl. J). 0200 ; r. P. 284775 ; A. P. 63JOSO. 

Azo Alizarine Black I (B. II.). Prepared as 
the preceding, except tliat the end-component 
is 1 : 8-dihydroxynaplitha]enc-3 : 6-di-(or 4- 
mono)-sulphonic acid. The aqueous solution is 
violet, and that in suljihunc acid blue. 

Literaturp. — E. P. 1033 of 1800 ; J). K. P. 
appl. B. 0200 ; E. \\ 284775 ; A. P. 640010, 

«9C7Pi 

violet Black (K.) ; 

NH.'C.oH.'N,-CeH4N2-C,„H5(S()3H)-OH 

p-Aminoacetanilide is diazotised and combined 
with 1 mol. of a-naphthol-4-sulphonie acid. 
The acetyl- group is then removed by heating 
with alkali, and the ammo- compound is diazo- 
tised and combintid with 1 mol. of a-naphthyl- 
amine. Aqueous solution brownish-red, giving 
violet precipitate with mineral acids and 
reddish- violet colouration with acetic acid or 
with sodium hydroxide ; blue solution in sul- 
phuric acid giving violet precipitate on dilution. 

Literature,. — I). K. P. 42814. 

Ingrain Black C (H.) : 

HS03-C,-oH6(NU2)'N2-CeTVCion4(S03n)(OH)-Nn2 
p-Aminoacetanilidc is diazotised and combined 
with a-naphthylaminc-6-(or 7)-sulphonic acid 
(Cleve’s acid), the product hydrolysed, diazo- 
tised, and combined with 1 mol. of 7-amino-a- 
naphthoI-3-8ulphonic acid (y-acid). 

Acid Alizarine Black SE (M.); Palatine 
Chivme Black F (B.) : 

HS03-CeH2(OH)(N2-CioHe-OII)2 
Prepared from tetrazotised 2 : 6-dianiiiiophenol- 
4-sulphonic acid and ^-iiaphtliol (2 mols.). | 
Dark-blue aqueous solution gives a red pre- 
cipitate with hydrochloric acid and a greenish- 
blue precipitate with sodium hydroxide. The | 
solution in sulphuric acid is violet, giving a 
red precipitate on dilution. 

Literature.— K P. 18624 of 1900, 16811 and 
2S97 of 1901 ; D. R. P. 147880, 150373 ; F. P. 
304694, 308588, 310597, 313671 ; A. P. 665606, 
677231. 

Aoid Alizarine Black SN ^M.); Palatine 
CiUDme Black S (B.). Similar to the above, 
except that 1 mol. of /3-naphthol and 1 mol. of 
j8*naphthol-6-suIphonic acid are used as com- 
poiuttits. 91he blue aqueous solution gives a 
red prdfeipitate with hydrocliloric acid, and 
becomes violet with sodium hydroxide. The 
solution in sulphurio acid is violet, giving a 
reddish -hi-own precipitate on dilution. 


Literature. — E. P, 2397 ana loeii oi iwi ; 
D, R. P. 148212, 150373 ; P. P. 308000, 310597, 
313671 ; A. P. 680283, 677227. 

Manchester Brown EE ( C. ) (Lev.) ; Bismarck 
Brown R (I.) (By.) (0.) (,H.) (Central Dyestuff 
and Chemical Co.) (Ault and Wiborg Co.), &c. ; 
Bismarck Brown 2 R, cone. (T. M.) ; Bismarck 
Brown T (D. H.) Vesuvine B (B.) ; Brown N 
(P.) ; Buffalo Brown 53 (Sch.) : 

Prepared in the same manner as Bismarck 
brown, but m-tolylenediamine is used instead 
of m-phcnylenediarnine. The reddish-brown 
aqueous solution becomes yellowish-brown with 
hydrochloric acid, and gives a light-brown 
precipitate with sodium hydroxide. The solu- 
tion in sulphuric acid is dark brown, becoming 
first red and then brown on dilution. 

Literature. — (Jrie.ss, Ber. 1878, 11, 627. 
Toluylene Brown G (0.) (By.) : 

Prepared by the action of tetrazotised tolylene- 
diaminesulphonic acid (CHj • NMg : SOgH : NH, 
= 1 : 2 : 4 : 6) on 1 mol. of m-phenylenediamine. 
Solution in wab'r is brown, and in sulphuric 
acid brownish-red. 

]Atcrature—K P. 17546 of 1802; D. R. P. 
65853; A. P. 516380. 

Toluylene Yellow (0.). Prepared from the 
same tetrazo-compound as the preceding, and 
2 mols. of 6-nitro-?ft-phenylenediamine in hy- 
drochloric acid solution The yellowish- brown 
aquemus solution gives brown precipitates with 
hydrochloric acid and sodium hydroxide. 
The solution in sulphuric acid is brown. 

Literature.— K. P. 1331 of 1806 ; D. R, P. 
86940 ; A. P. 51)8540. 

Toluylene Orange RR (0.). Prepared from 
the same tetrazo-compound as before, and 
2 mols. of )8-naphthy)amine. The yellowish- 
red aqueous solution gives a brownish-red 
precipitate with liydrochloric acid, and a 
yellowish -ri‘d precijiitate with sodium hydroxide. 
The solution in sulphuric acid is bluish-grey. 

Literature.— K. P. 17546 of 1892 ; D. R. P. 
70147 ; A. P. 497032. 

Diamine Gold YeUow (0.) : 

CaH6*OG3H,N2-CioH4(S03H)3-N2-CeH4-0-C,H5 

Prepared from tetrazotised 1 : 6-naphthylene- 
dianiine-3 : 7-di8ulphonio acid and phenol (2 
mols.), the product then being ethylated. The^ 
yellow aqueous solution gives a brownish- 
yellow precipitate with hydrochloric acid and 
a yellow precipitate with sodium hydroxide. 
The solution m sulphuric acid is reddish-Violet, 
becoming green and then yellow on dilution. 

Literature. — E. P. 15346 of 1800 ; D. R. P. 

I 61174 ; F. P. 182063, 208620 ; A. P. 472121. 

I Naphthylene Violet (0.) : 

I NHa-C,oH6-N3-CioH4(S08H)3-N,-CigH3-NH, 

I Prepared from the preceding totrazo- compound 
' and a-naphthylamine (2 mols.). The Bordeaux- 
red aqueous solution gi^es a blue precipitate 
with hydrochloric acid, and a red preoipiti^ 
with sodipm hydroxide. The Solution in 
sulphuric acid is blue, and gives a violet 
oipitate on dilution. The colouring matter is 
usuaUy diazotised and developed on Uie fibre 
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or treated on the fibre with nitrous acid, the 
latter colour being known as Diamine Cutch, 
which is a fast brown shade. 

Literature,— E. P. 16346 and 16347 of 1890 ; 
D. R. P. 62076 ; F. P. 208526, 208670 ; A. P. 
464606. 

Coomassie Navy Blue (Lev.) : 

(HS03)2CioH4(OH)-Na-CioH5(S03H)-N,-C,oHg*OH 

Prepared by diazotising 1 : 4-naphthylene- 
diamine-2-sulphonic acid (only one amino- 
group can be diazotised), combining with jS- 
naphthol-3 : O-disulphonic acid, diazotising the 
product (the second amino- group can now be 
diazotised), and combining with fi-naphthol. 
JDark-blue aqueous solution becomes vioh't with 
sodium hydroxide. Solution in sulphuric acid 
is blue-green, becoming dark him* on dilution. 

Literature. — E. P. 2946 of 189() ; D. R. P. 
102160; F. P. 266862; A. P. 619194, 634009, 
639748. 

Diphenyl Fast Black ^ (G.)^: 

^jj.^C;H«-N.,ri,„H*(0H)(NH3)-S08H 

Prepared from tetrazotised p-diaminoditolyl- 
amine and 1 mol. of 7-amino-a-naphthol-3- 
sulphonic acid (-y-aeid) and 1 mol. of m-tolylene- 
diamine. The violet-black aqueous solution 
gives with hydrochloric acid a bluish-black 
precipitate, and with sodium hydroxide a black 
precipitate. THe solution in sulphuric acid is 
dark blue, and gives a black precipitate on 
dilution. < 

Literature.— E. P. 10682 of 1890; F. P. 
268621 ; A. P. 676904. 

Dianthine (Claus & Co.) ; St, Denis Red (P.) ; 
Rosophenlne 4 B (Cl. Co.) ; Rosanol 4 B (K.) ; 
Cotton Red S (B.) : 

^ 1 ^-C 7 H,-N 2 -C,oH 3 (S 03 H)-OH 

Prepared from tetrazotised diaminoazoxytoluene 
and a-naplithol-4-sulphonic acid (2 mols.) 
The red aqueous solution gives red precipitates 
with hydrochloric acid and sodium hydroxide. 
The solution in sulphuric acid is red, and gives 
a red precipitate on dilution. 

Literature.— E. P. 9316 and 11976 of 1887, 
6736 of 1890, 19891 of 1892 ; I). R. P. 44045, 
44564; F. /P.184549; Compt.rend. 1901,132,985. 
Congo Orange G (A.) : 

CeH^Nj-CeH.-O-CaH, 

Prepared from tetrazotised benzidine * and 1 
mol. of 3-naphthylamine-3 : 6-di8ulpbonic acid, 
and 1 mol. of phenol, the product being ethylated. 
The orange-yellow aqueous solution gives a 
brown precipitate with hydrochloric acid. The 
Solution in sulphuric acid is blue, becoming 
reddish-violet on dilution, and finally giving a 
brown precipitate. The corresponding colouring 
matter from tolidine is Congo Orange R (A.). 

> Olamlna Otep Black (C.) Is derived from j^-dlamino- 
dlpbenylamlne ; Pluto Black (By.) also belongs to 
the same class. 

• Benridlne or p-dlamlnodiphenyl is prepared by 
reduotoa nitrobenzene with zinc-duat and alkali to 
hydraz^nzene and converting this by means of acids 
Into beaildine. The homologues of benzidine are pre- 
pared in a similar manner. 


Uterature.—E, P. 17967 of 1889 ; D. R. P. 
52328 ; F. P. 160722. ^ 

Pyramidol Brown BG (Farbwerk Ammeia. 
foort) ; * 

C.H,-N,-C.H,(OH), 

I;!.h.-n,-c,H3(oh), J 


Prepared from tetrazotised benzidine and 
resorcinol (2 mols.). The orange- brown aqueous 
solution gives a brown precipitate with hydh'O- 
chloric acid, and becomes Bordeaux-red with 
sodium hydroxide. The solution in sulphuric 
acid is reddish- violet, giving a brown precipitate 
on dilution. Cotton dyed rod with this colouring 
matter is converted into a deep brown when 
treated with a diazo- compound on the fibre. 

Chrysamine G (By.) (A.) (Lev.) (II.) •(L.) 
(T. M.) (K. S.) (Barking Chi'inicals Co.) (Marden, 
Orth, and Ha.stings Corporation) (Calco Chemical 

("o.) ; Azidine Yellow G (C. J.) ; Direct Yellow CG 
(Sell.) : 

C«H,-N 3 -C 3 H 3 ( 0 H)-C 03 H 


C,H 4 N 2 C«H 3 ( 0 H)C 03 H 


Prepared by the action of tetrazotised benzidine 
on salicylic acid (2 mols.) in alkaline solution. 
Used for dyeing cotton goods yellow directly 
from a soap-bath. Aqueous solution orange, 
becoming redder on addition of sodium hy- 
droxide ; orange floccuient precipitate, with 
dilute sulphuric acid. Soluble in sulphuric acid, 
M'ltli a magenta-red colour, becoming orange 
and precipitating on dilution. The homologue 
from tetrazoditoiyl is Chrysamine R (By.) (A.) 
(L.) (Lev.) (T. M.) (K. S.). 

Literature. — E. P. 9162 and 9606 of 1884; 
D. R. P. 31658 ; A. P. 329638. 

Cresotine Yellow G (M.) (0.) 


C,H 4 ‘N 3 ‘C:H,(C 03 H)- 0 H 

Prepared from tetrazotised benzidine and 
hyifroxytoluic acid (UH : CHg : COgH = 1 : 
2 : 6). Yellow aqueous solution gives a 
brownish-yellow precipitate with hydroclilorio 
acid and becomes yellowish-red with sodium 
hydroxide. Solution in sulphuric acid is 
reddish-violet, precipitating on dilution. The 
corresponding colouring matter from tolidine 

is Cresotine Yellow R (0.) ; Azidine Yellow R 
(C. J.). 

Literature. — E. P. 7997 of 1888; A. P. 
394841. 

Brilliant Orange G (A.) (By.) : 
C8H4-N3-C3H3((;o^)-oh 

Prepared from tetrazotised benzidine and 1 moL 
each of salicylic acid and aminophenolsulphonio 
acid III. Yellowish- brown aqueous solution 
gives a violet- brown precipitate with hydro- 
chloric acid. Solution in sulphuric acid is 
reddish -violet. 

Literature. — D. R. P. 78626. 

Orange TA (A.) (By.) (L.) : „ 
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Prepared from tetrazotised benzidine and 1 mol. 
each of naphthioftic acid and creaol. Reddish* 
brown aqueous solution gives a violet-blue pre- 
cipitate with hydrochloric acid, anH becomes 
redder with sodium hydroxide. Solution in 
sulphui^ic acid is blue, giving a blue precipitate 
on diluti'>n. 

Benzo Orange R (By.) (K. S.) (Marden, Orth, 
and Hastings Corporation) : 

CoH,'Na-C6H3(C02H)-OH 

Prepared from tetrazotised benzidine and 1 mol. 
each of salicylic acid and naplithionic acid. 
The orange-yellow ajjueous solution becomes 
reddish-violet with hydrochloric acid, and gives 
a rtiddish-yellow precipitate with sodium 
hydroxide. Solution in sulphuric acid is 
■fiolet-blue, giving a greyish -violet precipitate 
on dilution. 

Literature. — E. P. 2213 of 1880 ; D. R. P. 
44797 ; A. P. 447303. , 

Bordeaux COV (A.) ; Bordeaux extra (By.) ; ' 
Bordeaux BL extra (T. M.) ; Azidine Violet R 
(C. J.) ; New Bordeaux L (B.) : 

. CeH,-Na-CioH,(S 03 H)-OH 

(!:.h.-n,-c,-oH,(so3H)OH 
Prepared from tetrazotised benzidine and fi- 
napnthol-8-8ulphonic acid (2 mols.). Bordeaux- 
red solution in water, and violet in sulphuric 
acid. 

Literature. — E. P. 8496 of 1884; D. R. P. 
30077. 

Diamine Fast Red F (C.); Dianoi Fast 
Red F (Lev.); Azidine Fast Red F (C. J.) ; 
examine Fast Red F (B.) ; Naphthamine Red 
H (K.) ; Diana Fast Red PH (M.) ; Benzo Fast 
Red FC (By.); Columbia Fast Red F (A.); 
Triazol Fast Red C ( 0 .) ; Diphenyl Fast Red 
(G.) ; Hessian Fast Red F (L.) ; Benzamine 
Fast Red F (D.) ; Direct Fast Red F (Seh.) (I.) : 
CeH 4 -N,-CioH 4 (S 03 H)(Ofl)-NHa 

(!!.h.-n,-(:,H3(00,h)-oh 

Prepared from tetrazotised benzidine and 1 mol. 
of 7-amino-a-naphtliol-3-8ulphomc acid (y-acid) 
combined in acid solution, and 1 mol. of salicylic 
acid. Red aqueous solution gives a brown 
precipitate with hydrochloric acid. The solution 
in sulphuric acid is reddish-blue, and gives a 
brown precipitate on dilution. 

Literature. — E. P. 1G699 of 1889 ; D. R. P. 
67857 ; F. P. 201770. 

Crumpsall Direct Fast Red R (Lev.) : 

C3H,-N2-CioH,(S03H)2-OH 

(';.h,-N3'0,h,(co,H)-oh 

Prepared from tetrazotised benzidine and 1 mol. 
each of j8-naphthol-3 : 6-disulphonic acid (R-salt) 
and salicylic acid. 

Literature. — E. P. 2213 of 1886 ; D. R. P. 
44797 ; A. P. 447303. 

Diamine Brown M (C.) ; Chlorazol Brown M 
(H.) ; ^llenol Brown MB, cone. (T. M.) ; Azidine 
Brown M (0. J.) ; Naphthamine Brown H (K.) ; 
Crumpsall Direct Fast Brown B (Lev.) ; Dianii 
Brown MH (M.) ; Benzamine Brown M (1).) ; 
Dlreet Dark Brown M (U) ; Direct Brown M 


I (I.) ; Direct Brown 3 RB, (Sch.) ; Oxamine 
Brown R (B.) : 

CsH,-N3-CcH3(COaH)-OH 

Prepared from tetrazotised benzidine and 1 mol. 
each of salicylic acid and 7-amino-a-naphthol-3- 
sulphonic acid (y-acid) ; the latter being 
combined in alkaline solution. The reddish- 
brown aqueous solution gives a brown precipitate 
with hydrochloric acid and a red^sh- brown 
precipitate with sodium hydroxide. The solu- 
tion m sulphuric acid is violet, changing tf 
brown on dilution, 

Litemture.—D. R. P. 67857 ; F. P. 201770. 

Diphenyl Brown BN (G.) : 

CeH,-N3-CeH3(C02H)-0II 

(!,H,-N3-C,„H,(S03H)(0H)-N(CH,), 
Prepared from tetrazotised benzidine and 1 mol. 
each of salicylic ijcid and 7-dimethylamino-o- 
naphthol-3-siilphonic acid. [The corresponding 
colouring matter from the monomethylamino- 
compound is Diphenyl Brown RN (G,).] The 
dark-brown solution gives a rod precipitate with 
hydrochloric acid. 'J’he solution in sulphuric 
acid is bluisli-violet, giving a red precipitate 
on dilution. When iolidme is used instead of 
benzidine, Diphenyl Brown 3 GN ((L) is obtained. 

Literature. —E. P. 2771 of 1800; i). R. P. 
103149; F. P. 260697 ; A. P. 6(>7413. 

Diamine Brown B (0.) ; Crumpsall Brown M 

(Lev.) : 

Prepared from tetrazotised benzidine and 1 mol, 
each of salicylic acid and 7-phe*ylamino-a- 
naphthol-3-8ulphonic acid. The dark-brown 
aqueous solution gives a Bordeaux-red pre- 
cipitate with hydrochloric acid, and becomes 
redder with sodium hydroxide. The solution 
in sulphuric acid is violet, giving a brown pre- 
cipitate on dilution. 

Oxamine Maroon (B.) : 

CeH,-N3-CeH3(C02n)’0H 

Prepared by combining tetrazotised benzidine 
with 1 mol. of 6-amino-a-naphthol-3-8ulphonic 
acid in alkaline solution, and adding 1 mol. of 
salicylic acid to the product. The ruby-red 
aqueous solution does not change with acids or* 
alkalis. The solution in sulphuric acid is dark 
violet, changing to wine-red on dilution. 

Literature. — E. P. 2370 of 1893 ; D. R. P. 
82672 ; F. P. 229263 ; A. P. 558344. 

Oxamine Red (B.). Isomeric with the pre- 
ceding. 6-Amino-a-naphthol-3-sulphonio acid 
is used instead of the 6-amino- acid. The red 
aqueous solution is not changed by hydrochloric 
acid, but becomes slightly more violet with 
sodium hydroxide. The ftolution in sulphuric 
acid is blue, changing to wine-red on dilution. 

Literature. — E. P. 26M of 1893 ; JD. R. P. 
93276 ; F. P. 227892 ; A. P. 665369. 

Wool I^^ed G (B.) : 

C 3 H 4 -N 3 - 03 H 3 (S 03 H)*OH 


C3H4-Nj-C,oH4(S08H)(OIi)'NH| 



A20- ootovmm MAtTURa 


481 


Brepared from tetrazotwed benzidine and 1 mol. 
each of phenol-o-sulphonic acid and 7*ammo-a- 
iiaplithoI-3-sulphonio acid (y-acid), ihe latter 
being combined in acid solution. The red 
aqueoua solution giws a brown precipitate with 
hydrochloric acid, and becomes dark-red with 
sodium hydroxide. Solution in sulphuric acid 
is violet, giving a brown precipitate on dilution. 

Literature. — B. R. P. appl. B. 29649 of 1901 ; 
F. P. 313633. 

Diamine Scarlet B (C.) ; Dianil Ponceau G 

(M.) 1 : 

(i,H,-N,-C,<,H.(S 03 H) 2 -NH, 

Tetrazotisod benzidine is combined first with 1 
mol. of j8-naphthylamine-() : 8-disulphonic acid, 
then with 1 mol. of phenol and the product is 
ethylated. The red aqueous solution becomes 
brownish-red with hydrochloric acid. The 
solution in sulphuric acid is violet, becoming 
brown on dilution. 

Literature. — E. P. 12560 of 1889 ; B. R. P. 
64084 ; F. P. 200152 ; A. p. 426345. 

Pyramine Orange 2 R (B.) : 

CaH 4 N*-CioH,(S 03 H) 2 -NHa 


■ slaty blue, giving a bluish palpitate on dilu. 
tion. 

Literaiure.^'E. P. 4416 of 1884; B. R. P. 
28763 ; P. P. 160722 ; Ber. 1886, 19, 1719. 

Diazo Black B (By.). Isomeric vdth the 
preceding. Prepared from tetrazotis^a benzi- 
dine and a-naphthylamine-6-sulphonio acid 
(L-acid ; 2 mols'.). The violet aqueous solution 
becomes blue with hydrochloric acid, and gives 
a blue precipitate with sodium hydroxide. 
The solution in sulphuric acid is blue, remaining 
blue on dilution. The colouring matter is 
generally diazotised and developed on the fibre. 

Congo Rubine (A.) (Lev.) (By.) (L.) (B. K.) ; 
Azidine Bordeaux (C. J.) ; Congo Rubine A 
(K. S.) ; Congo Rubine B (K.) ; Cotton Rubine 
(B.) ; Renol Rubine, extra (T. M.) t Direct 
Crimson B (Seh ) : 

C,H.-Nj-C,„H.(S03H)-NH, * 

Prepared from tetrazotised benzidine and 1 mol. 
each of j8-naphthol-8-sulphonic acid and naph- 
! thionic acid. The cherry-red aqueous solution 
j gives a blue precipitate with hydrochloric acid 
and a violet-red one with sodium hydrbxide. 

I The solution in sulphuric acid is blue, giving a 


■8H4-Na'CeH2(NH2)2‘NOa i blue precipitate on dilution. 


Prepared from tetrazotised benzidine and 1 mol. 
each of )3-naphthylamine-3 : disulphonic acid 
and p-nitro-m-phenylenediamine. The yellow 
aqueous solution is not changed by acids or 
alkalis. The solution in sulphuric acid is blue, 
becoming yellowish -red on dilution. 

Literature.— E. P, 6827 of 1899; B. R. P. 
107731 ; F. P. 280914 ; A. P. 631611. 

Pyramine Orange 3 G (B.). 

6.h.n,c,h.(nh,),no, 

Prepared from tetrazotisod benzidine and 1 mol. 
each of w-phenylenediamine-4 : b-disulphonic 
acid and p-nitro-w-phenylenediamine. The 
ellowish-red aqueous solution is not changed 
y acids or alkalis. The solution in sulphuric 
acid is yellowish-red, becoming brownish- 
yellow on dilution. 

Literature. — E. P. 18606 of 1898; B. R, P. 
106349; F. P. 280914; A. P. 631610. 

Congo Red (Lev.) (A.) (By.) (L.) (K. S.) 
(B. K.) (Sch.) (Marden, Orth, and Hastings Cor- 
^poration) ; Congo Red R (H.); Cosmos Red 
(B.) ; Cotton Red cone. (T. M.) ; Cotton Red C 
(I.) (P.) ; Cotton Red B (K.) ; Dlanll Red R 
(M.); Cotton Red 4 B(0.); Direct Red C (Farb 
work Ammersfoort) : 

C4H4N,CioH4(SO,H)*NH, 

Prepared by the action of tetrazotised benzidine 
on naphthionio acid (2 mols.). It can also be 
obtained by oxidising benzeneazonaphthionic 
acid with manganese dioxide in sulphuric acid 
solution (E. P. 6697 ol 1896 ; B. R, P. 84893 ; 
F, P. 248210). The red aqueous solution 
becomes blue on addition of dilute acids ; 
substance dissolves in sulphuric acid with a 

^ ^ ^ mamliis SearM a b (C.) ; otanii Ponsssu 2 R (M.) 
PNoogt to tiw same group, but is bluer. 

Vou L— 5P. 


Literature. — B, R. P. 62659. 

I Congo Corinth (A ) (By.) (L.) (Lev.) (K. S.) 
l(B. K.); Cotton Corinth G (B.; (0.); Dianil 
Bordeaux G (M.) ; Renol Corinth 6 ^T. M.) ; 
Buffalo Garnet R (Sch.) : 

C8H4-N2B,oH6(S08H)-OH 

Prepared from tetrazotised benzidine, a-naph- 
thylamine-4-8ulphonic acid and o-naphthol-4- 
sulphonic acid. Aqueous solution red; violet • 
precipitate with hydrochloric acid and colouration 
with acetic acid. Solution in sulphuric acid 
blue, giving violet precipitate/ an dilution. 

Literature.— E. P. 15296 of 1885, 2213 of 
1886 ; B. R. P. 39096 ; F. P. 160722, 163172 ; 

A. P. 344971, 368866. 

Brilliant Congo G (A.) (L.) : 

C4H4N2-CioH4(S02H)2-NH, 

From tetrazotised benzidine, ^-naphthylamine- 
3 : 6-di8ulphonic acid and ^-na^ftlthylamine-6• 
sulphonic acid (Bronner’s). Aqueous solution 
gives a brownish-violet precipitate with hydro- 
chloric acid. Solution in suiphurio acid blue, 
giving violet precipitate on dilution. 

Literature.— E. P. 6687 of 1887 ; D. R. P. 
41095 ; F. P. 160722. 

Heliotrope 2 B (A.) (By.) (L.) : 

C,H4-NjCioH4(SO,H)'OH 

Preipared from tetrazotised benzidine and 1 md. 
each of a-naphthol-4 : 8- (or 3 ; 8-) disulphonic . 
acid and /S-naphthol-S-sulphonio acid. Reddish* 
violet aqueous solution gives a bluish-vidtel 
precipitate with hydrochloric acid, and becomeU 
rodder with sodium l^droxide. Solution ih 
sulphuric acid is blu^, scorning reddtish-violil 
on dilution, and finally giving a violet precipitate* 
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Literature, — ^E.^P. 1346 of 1888; D. R. P. 
45342. 

Trisulphone Violet B (K. S.); Trisulphone 
Blue R (K. S.) ; Trisulphone Blue B (K. S.) : 

^ CeH,'N,-CioH,(SO,H)3-OH 

OeH,*N3-CioH,-OH 

The first-named (for which the formula is given) 
is prepared from • tctrazotised benzidine and 
1 mol. each of a-naphthol-3 : 6 : 8-tri8\il])honic 
acid and /3-naphthol. The second and last 
colouring matters arc prepared from tetrazotised 
tolidine and dianisidine respectively instead of 
benzidine. The solutions in water are violet 
to blue, and give bluish-violet to blue precipi- 
tates^ with hydrochloric acid. With sodium 
hydroxide the aqueous solutions become reddish- 
violet. The solutions in sulphuric acid are 
greenish-blue, giving violet precipitates on 
^ution. 

LiUraJlure.—}^. P. 4703 of 18it7 ; F. P. 
204279 ; A. P. 584981. 

Chicago Blue 4 R (A.) ; Benzo Blue 4.R (By.) ; 
Diamine Blue C 4 R (C.) : 

C,H 4 -N,-CioIIo(OH)'S 03 H 

C,H 4 -N 3 *C,oH,(OH){NH,)-S 03 H 
Prepared from benzidine, and 1 mol. each of 
1 : 8 aminonaphthol - 4 - sulphonic acid and 
/3-naphthol-8-sulphonic acid. Violet-blue aque- 
ous solution becomes blue with hydrochloric 
acid, and reddish-violet with sodium hydroxide. 
Solution in sulphuric acid is blue, giving a 
violet precipitate on dilution. 

Columbia Blue R (A.) ; Benzo Red Blue R 
(By.); Diamine Blue LR (C.). o-Naphthol- 
3 : 8-disulphonio acid is used instead of jS- 
naphthol-8-8ulpiionio acid in the preceding dye. j 
The blue aqueous solution gives a blue precipi- I 
tate with hydrochloric acid, and is unchanged by 
sodium hydroxide. Solution in sulphuric acid 
is blue, giving a violet precipitate on dilution. 

Diamine Violet N (0.) ; Chlorazol Violet B 
(H.); DIanol Violet N (Lev.); Azidine Violet DV 
(C. J.) ; Naphthamine Violet N (K.) ; DIanil 
Violet H (M.) ; Direct Violet R (Sch.) ; Benzo 
l^t Violet NC (By.) : 

C 3 H,-N 3 ‘C,oH 4 (S 03 H)(OH)‘NH, 

1 

CeH,-N3'CjoH*(SO,H)(OH)-NH3 
Prepared by the action of tetrazotised benzidine 
on 2 mols. of 7-amino-a-naphthol-3-8ulphonic 
acid (y-acid) in acid solution. The reddish- 
violet aqueous solution gives a violet-black 
precipitate with hydrochloric acid. The solution 
in sulphuric acid is' greenish- blue, giving a 
reddish- violet precipitate on dilution. 

Literature,—^. P. 16699 of 1889 ; D. R. P. 
56648 ; F. P. 201770. 

Diamine Black RO (0.) ; Naphthamine Black 
BVE (K.) ; Dianol Black RO (Lev.) ; Oxamine 
9laek 2 R (B.) ; Melantherine RO (I.). Isomeric 
with the preceding. The combination is effected 
iff alkaline solution whereby the azo- group 
entere the 2- position with respect to the hydroxy- 
group, Ti^ereas in the preceding case the azo- 
group enters the 8- position (ortho to the 
amino- group). The violet-black aqueous solu- 
lilon gives a olue precipitate with hydrochloric 
tMt and becomes violet with sodium hydroxide. 


The solution in sulphuric acid is blue, giving 
a reddish- blue precipitate on dilution. 

Literature. — As above. 

Naphthamine Black RE (K.) : 
CsH,'N2*CioH,(S08E)(OH)-NH, 

C«H,*N3-CioH4(S08H)(OH)'NH3 

Prepared from tetrazotised benzidine and 2 
mols. of 1 : 8-aminonaphthol-6-sulphonic acid. 

Liieraiura.—E. P. 515 of 1894; D. R. P. 
appl. K. 11223 ; A. P. 563380. 

Benzo Violet R (By.) : 

0«H4-N3'CioH,(S08H)-OH 

G«H,-N3'C,oH4(S03H)/OH 

Prepared from tetrazotised benzidine and 1 mol. 
each of a-naphthol-4-sulphonic acid and a-naph- 
thol-3 : G-disulphonic acid. The reddish-violet 
aqueous solution gives a soluble violet precipi- 
tate with hydi'ochloric acid, and becomes rod 
with sodium hydroxide. The solution in 
sulphuric acid is violet, giving a violet precipitate 
on dilution, 

Naphthylamine Diazo Black (K.) : 

OeH4-N3-CioIMS03H){OH)'NH8 

CeH4-N3'C^oH8(S03H)2(()H)-NH, 

Prepared from tetrazotised and benzidine 1 mol. 
each of 8-amino-a-napIitlioI-3 ; 5-disulphonic 
acid (K- acid), and 7-ainino-a-naphthot3-8ul- 
phonic acid (y-acid). 

Liternture.—'E. P. 616 of 1894; D. R. P. 
991C4 ; A. P. 663386. 

Diamine Brown V (C.) : 

C,.IL4-N3'CioH4(S08H)(OH)*Nir, 

Prepared from tetrazotised benzidine and 1 mol. 
each of 7-amino-o-naphthol-3-8ulphonic acid 
(y-acid) and m-phenylenediamine. Brown -red 
aqueous solution gives a chocolate- brown pre- 
cipitate with hydrochloric acid, and purplish- 
brown precipitate with sodium hydroxide. 
Solution in sulphuric acid is bluish-violet, 
giving a purplish-brown precipitate on dilution. 

Literaiure.—F.. P. 16699 of 1889 ; D. R. P. 
67867 ; F. P. 201770. 

Dianil Garnet B (M.); Benzo Fast Red 
9 BL (By.) : 

C6H4'N3-CioH4(S08H)(OH)-NH, 

Prepared from tetrazotised benzidine and 1 mol. 
each of y- acid and )3-naphthylamine-3 : B-disul- 
phonic acid. Bordeaux-red aqueous solution 
gives a blackish-blue precipitate with hydro- 
chloric acid. Solution m sulphuric acid is blue. 
LiteraJlure.—'D. R. P. 190694. 

Zambesi Brown G,,2 G (A.) ; 

CeH4'N,-C,oH4(NHa),*SO,H 

Prepared from tetrazotised benzidine and 1 mol. 
each of y-' acid and 2 : 7-naphthylenediamine- 
sulphonic acid. Cotton is dyed oorinth brown 
(G) or violet (2 G). 

Lileraiure.—Q, R. P. appl. A. 3776. 
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Diamine Black BH (C.) ; Dianol Blue BH 
(Lev.) ; Diazo Black BHN (By.) ; Renolamlne 
Black BH (T. M.)| Azidine Black BHN (C. J.) ; 
Ingrain Black 2 B (H.) ; Naphthamlne Black CE 
(K.) ; DIanll Black* ES (M.) ; Melantherine BH 
(1.); Direct Black HB (L.); Diazine Black 
BH extra (Sch.); Oxamine Black BHN (B.); 
Direct Black BD (P.) : 

C6H4*Na-CioH,(S03H)(OH)-NH2 

C6H4-N2*C\,H3(S03H)2(0H)-NH, 

Prepared from tctrazotised benzidine and 1 mol. 
each of 7-amino-a-naphthol-3-8ulphomc acid 
and 8-amino-a-naphthol-3 ; 6-disulphonic acid 
(H-acid). The reddiah-blue aqueous solution 
becomes violet with hydrochloric acid and 
reddish-violet with sodium hydroxide. The 
solution in sulphuric acid is blue, giving a 
violet precipitate on dilution. 

Literature. — E. P. 1742 and 6972 of 1891 ; 
D. R. P. 6H462 ; F. P. 233032. 

Benzo Cyanine R (By.) ; Diamine Cyanine R 
(C.) ; Congo Cyanine R (A.). Prepared as the 
preceding, except that 1 : 8-aminonaphthol-4- 
sulphonic acid is used instead of 7-acid. The 
solution in water or sulphuric acid is blue. 
The corresponding B marks arc prepared from 
tolidine, and the 3 B from di^nisidine. 

Literature.— Vi. R. P. appl. F. 5667 ; A. P. 
633508, 578432. 

Oxamine Violet (B.) ; Chlorazol Violet R (H.) ; 
Naphthamine Violet BE (K.) ; Dianil Violet BE 
(M.); Oxydiamine Violet BF (C.) ; Benzo Violet 0 
(By.) ; Direct Violet 0 (I.) : 

C3H,’N3-CioH,(S03H)(OH)'NH3 

C3H4*N3*CioH4(SOaH)(OH)*NH3 
Prepared from tctrazotised benzidine and 6- 
amino-a-naphthol-3-sulphonic acid (2 moLs.). 
The combination is effected in alkalme solution. 
The reddish -violet aqueous solution gives a 
violet precipitate with acids or alkalis. The 
solution in sulphuric acid is blue, giving a 
violet precipitate on dilution. 

Literature. — E. P. 2614 of 1893 ; 1). R. P. 
76469 ; P, P. 227892 ; A. P. 621096. 

Dtolne Blue BB (0.) (Central Dyestuff and 
Chemical Co.) ; Benzo Blue BB (By. ) (Lev.); 
Congo Blue 2 BX (A.); Direct Blue V (P.) ; 
Azidine Blue 2 B (0. J.) ; Chlorazol Blue RB 
(H.) ; Naphthamine Blue 2 BX (K.) ; Dianil 
Blue HZG (M.); Benzamine Blue 2 B (D.); 
Niagara Blue 2 B (Sch.) : 

C,H*-N,-CioH3(SO,H)3(OH)-NH, 

Prepared by combining tetrazotised benzidine 
in alkaline solution with 8-amino-o-naphthoI- 
3 i^-disulphonic acid (H-acid ; 2 mols.). The 
reddish-blue aqueous solution is unchanged by 
acids or alkalis. The solution in sulphuric acid 
is blue, becoming violet on dilution. 

Literature. — E. P. 13443 of 1890, 1742 of 
1891 ; P, E. P. 74663 ; F. P. 210033 i A. P. 
464136. 

Otphnijl Blue Black ((^ : ' 

C,H,-N,'C„H,(SO,H),(OH)-NH, 

A,H4-N,-C„H4(80,H)(0H)-IfH’C,H, 


Prepared from tetrazotised benzidine and 1 mol. 
each of H-acid and 7-ethylammo-a-naphthol-3- 
sulphonio acid. The dark-blue aqueous solution 
gives a violet precipitate with hyoroohlorio acid, 
and becomes dark violet with sodium hydroxide. 
The solution in sulphuric acid is blug, ^giving a 
dark violet precipitate on dilution. 

Literature.— E. P. 2771 of 1896 ; D. R. P. 
103149 ; P. P. 250697 ; A. P. 556164, 667413. 

Naphthamine Blues 2B, 3B, and 5B (K.). 
These are derived from tctrazotised benzidine, 
tolidine, &c,, and 8-amino-a-naphthol-3 ; S-disul- 
phonio acid (K-acid). The blue aqueous solution 
gives a blue precipitate with hydrochloric acid, 
and turns reddish -violet with sodium hydroxide. 
The solution in sulphuric acid is bluish-green. 

Literature. — E. P. 516 of 1894 ; D. •R. P. 
99164 ; A. P. 603385, 663386. 

Direct Gray R (I.) : • 

C,H,N,C,„H,(0H),(C0,H)-S0,H 

(!!.H.-N,-C„H,(0H),{C0.H)-S0,H 
Prepared from tctrazotised benzidine and 
1 : 7-dihvdroxy - 6 - carboxynaphthalene-3-sul- 
phonic acid (2 mols.). The violet aqueous 
solution gives a bluish-grey precipitate with 
hydrochloric acid and becomes dull violet-red 
with sodium hydroxide. The solution in sul- 
phuric acid is blue, giving a bluish-grey precipi- 
tate on dilution. The corresponding colour 
from tolidine is Direct Gray R. 

Literature. — E. P. 14253 of 1892 ; D. R. P 
76258 ; F. P. 220468 ; A. P. 493564. 

Direct Violet R(I.), 

C8H.'N3-CioH3(OH)3(COaH)'SO,H 

Prepared from tetrazotised benzidine and 1 mol. 
each of the above dihydroxycarboxynaphthalene- 
sulphouic acid and m-tolylenediainine. The 
solution in water is violet, and in sulphuric acid 
blue. • 

Literature. — A. P. 627070. 

Dianol Red 2 B (Lev.) ; Azidine Purpurlne 
10 B (C. J.) : 

CeHjClNa-CioHslSOaH)™, . 

(!!,H,C1N,-C.„H4(S0,H)-NH, 

Prepaied from tetrazotised dichlorobenzidine 
(NHg : Cl=4 : 3), and naphthionic acid (2 mols.). 
The red aqueous solution becoihes violet with 
hydrochloric acid. The solution in sulphuric 
acid is blue, changing to violet on dilution. 

Lileralure.—E. P. 26725 of 1896 ; D. R. P. 
94410 ; F. P. 266136 ; A. P. 626174, 640743. 

Dianol Brilliant Red extra (Lev.) ; Toluylene 
Red (0.); Chlorantlne Red 8 B (I.); Aoeto- 
purpurine 8 B (A.) ; Diphenyl Red 8 B (G.) ; 
Azidine Brilliant Red 8 B (0. J.); Oxamine 
Scarlet B (B.) : 

C8H.Cl*N.CioH,(SO»H),*NHa 

Prepared from tetrazotised dichlorobenzidine 
and j8-naphthylamine-3 : 0-disul^hoiio acid. 
The bluish-red ^ueous solution becomes 
slightly darker with hydrochloric acid. The 
solution in sulphuriq acid is blue, becoming red 
on dilution, 
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Literature.^E.e. 25725 of 1896; D. R. P, 
94410, 97101; F. P. 266136; A. P. 626174, 
640743. 

Anthracene Red (I.) (By.) 

N0,*CeHa‘Na-CeH8(C08H)‘0H 

(!!,H.'N,C,<,H5(S0,H)-0H 
Prepared by combining tetrazotised nitro- 
benzidine first with 1 mol. of salicylic acid and 
then with 1 mol. of a-naphthol-4-8ulphonic acid. 
(The same colour is not produced by inverting 
the order of combination.) The red aqueous 
solution gives a red precipitate with hydrochloric 
acid. The solution in sulphuric acid is carmine- 
red, giving a brownish -red precipitate on 
dilution. 

Literature. ~E. P. 13475 of 1892 ; D. R. P. 
7^807 ; F. P. 223176 ; A. P. 493583. 

Salicine Red G (K.). Prepared from tetra- 
zotised nitrobenzidino and 1 mol. each of salicylic 
acid and i8-naplithol, the product being sul- 
phonated. 

Literature.— E. P. 9464 of 1895; D. R. P.** 
87484. 

Sal|oine Yellow G (K.). Prepared froin 
tetrazotised nitrobenzidino and salicylic a^^id 
(2 mols.), the product being sulphonated. The 
orange aqueous solution is precipitated with 
hydrochloric acid and becomes reddish-brown 
with sodium hydroxide. The solution in sul- 
phuric acid is orange-yellow, and gives a brown 
precipitate on dilution. 

Literature. — As above, and Chem. Ind. 1896, 
19, 662. 

Sulphone Azurine (By.) (A.) (L.) (Lev.) : 

/C,H8(SO,H)'Na-C\oH.-NH-CeH6 

so/ 1 

\C,H;s08H)-N8-C,oHe'NH-C«H5 
Prepared from tetrazotised benzidinesulphone- 
disulphonic acid and phenyl-o-naphthylamino 
(2 mols.). The blue aqueous solution gives blue 
precipitates with hydrochloric acid and sodium 
hjrdroxide. The solution in sulphuric acid is 
Violet, giving a blackish-violet precipitate on 
dilution. 

Literature. — E. P. 1074 and 1099 of 1884 ; 
D. R, P. 27954, 33088 ; A. P. 432989 ^ Ber, 1889, 
22, 2459. ^ 

Pyrsinine Orange R (B.) : 

SO,H*CoH8-N8-C8fi,(NH8)8'NO, 

S0,H'(!!,H,’N,-C.H,(NH,),N0, 

Prepared from tetrazotised benzidinedisulphonic 
acid and 6-nitro-w-phonylenediamine (2 mols,). 
The orange-red aqueous solution gives a yellow- 
ish-red precipitate with hydrochloric acid or 
sodium hydroxide. The solution in sulphuric 
acid is yeUow, giving a yellowish-red precipitate 
on dilution. 

Literature. — E. P. 8664 of 1894; D. R, P. 
80973 ; F. P. 238340 ; A. P. 546333. 

Trypan Bed (M.) : 

S08H*C.H,.N,-OioH4(SO,H),-NH, 

i.H4'N, C,,H,(SO.H),-NH, 
Prepared from tetrazotised benzidinemono- 
Bulj^onio acid and 8*naphthylamine-3 : fi-disul- 
phonie acid (2 mols.). Itvis a brown powder, 
•dloble in water, ana the solution gives a blue 


pecipitate with hydrochloric acid. It is used 
m medicine. 

Pyramidol Brown T (Fnrbwerk Ammers- 
foort) : 

C,H„-N,-C.H3(OH)a 

Prepared from tetrazotised tolidine and re- 
sorcinol (2 mols.). The reddish-brown aqueous 
solution gives a brown precipitate with hydro- 
chloric acid, and becomes brownish-red with 
sodium hydroxide. The solution in sulphuric 
acid is violet, giving a blackish-brown precipi- 
tate on dilution. When the fibre is treated 
with diazo- solutions a deep brown is obtained. 

Toluylene Orange G (0.) (By.) (A.) (L.); 
Azidine Orange G (0. J.) ; Dianil Orange N 
(M.) ; Alkali Orange GT (D.) ; Renol Orange G 
(T. M.) ; Direct Orange G (J.) ; Direct Orange Y 
(Sell.); Oxydiamine Orange G (0.); Pluto 
Orange G (By.) ; Direct Orange G (P.) : 
C;H«N3-C;H,(C03H)-0H 

Prepared from tetrazotised tolidine and 1 mol. 
each of hydroxytoliiic acid (CHj : OH : COgH 
= 1:2:3) and w-tolvlenodiaminesulphonic acid 
(CH, : KHg : NH* • S03H=1 : 2 : 4 ; 6). The 
brownish - yellow aqueous solution gives a 
yellowish-brown precipitate with hydrochloric 
acid, and becomes reddish -orange with sodium 
hydroxide. The solution ill sulphuric acid Is 
magenta-red, giving a brown precipitate on 
dilution. 

Literature.— E. P. 7997 of 1888 ; D. R. P. 
44797, 47235 ; A. P. 386634. 

Toluylene Orange R (0.) (M.) (L.) (K. S.) ; 
Azidine Orange R (C. J.) ; Alkali Orange RT 
(D.) ; Renol Orange R (T. M.) ; Direct Orange R 
(I.) (Sch.) ; Pyramlne Orange RT (B.) ; Oxydi- 
amine Orange R (C) ; Pluto Orange R (By.) : 
C,H«Ng-C,H*(NHa)g-SO,H 

Prepared from tetrazotised tolidine and the 
above wi-tolylenodiaminesulphonic acid (2 mols.). 
The orange aqueous solution gives a bluish-r^ 
precipitate Muth hydrochloric acid. The solu- 
te 'ii m sulphuric acid is brown, giving a reddish 
precipitate on dilution. 

Literature.— E. P. 4492 of 1887 ; D. R. P. 
40906. 

Benzopurpurlne B (By.) (A.) (L.) (Lev.) (H.) 
(T. M.) (.0.) (Central Dyestuff and Chemical Co.^ ; 

Cotton Red B (1.) : 

C7H4-Ng-C,oH4(S08H)-NH, 


C,H6N,-C,oH,(SO,H)NH, 

♦ 

Prepared by the action of tetrazotised tolidine 
on i3-naphtnvlamme-6-sulphonic aoid (2 mols.) 
in presence of alkali. AqueOos solution, orange- 
red ; unchanged by sodium hydroxide ; a 
brownish -red precipitate ‘by dilute sulphuric 
acid. Dissolves in sulphuric add with a blue 
colour, giving a brown precipitate on dilution. 

Liter(Uure.—E. P. 3803 of 1886 i D. R. P, 
36615 ; A. P. 329633. 

Benzopurpurtoe 4 B (By.) ( 4 ) (Lev.) (T. M.) 
(L.) (0.) (K. S.) (Farbwerk Ammenrfoort) (B* k4 
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(^) (H.)j Cotton Bod 4 B (B.) (K.) (I.); 
&tton W BP (P.) ; Dlamlno Bod 4 B (C.) j 
DlanIlBod4B(M.); Diroct Bod 4 B (8oh.) : 

C,H,N,C,oH,( 80 ,H)-NH, 

Prepared by the action of tetrazotised tolidino 
on naphthionio acid (2 mols.). About twice 
the theoretical amount of naphthionic acid is 
used, the excess being regained from the filtrate 
after separating the colour. The alternative 
' method of preparation by oxidising toluene- 
azonaphthionio acid (cp. Congo Red) is not 
used l^hnically. Homologous with Congo Red, 
and isomeric with the last. Aqueous solution 
orange-rod, giving a red precipitate with excess 
of sodium hydroxide ; blue precipitate with 
hydrochloric acid ; dissolves in sulphuric acid 
with a pure blue colour. 

ltterature.~E. P. 3803 of 1885, 6697 of 1895 ; 
B. R. P. 35615, 84893 ; F. P. 167876, 248210 ; 
A. P. 329632. 

Benzopurpurine 6 B (J .ev.) (By.) (A.) (L.) 
(T. M.) (0.) ; Dianil Red 6 B (M.) ; Cotton Red 
6 B (I.) ; Diamine Red 6 B (C.). Prepared as 
above from tetrazoditolyl and a-naphthyl- 
amine-5-8ulphonic acid. Colouring matter very 
similar in properties to the preceding. The 
same constitution is assigned to Diazo Brilliant 
Black B (By.), which gives blues or blacks 
when diazotised and developed on the fibre. 

Ltteraiure.—E. P. 3803 of 1885: 1). R, P. 
35615. 

Diamine Red B (A.) : 

C7H«-N,-CioH6(S03H)NH3 

Prepared from tetrazoditolyl and 1 mol. of 
2-naphthylamine-7-8ulphonic acid and 1 mol. of 
the 6-s^phonio acid. Deltapurpurine 5 B 
(By.) (A.) (Lev.) (L.) (M.) (B. K.) (K.) (K. S.) ; 
Cotton Purple 6 B (B.) ; Cotton Red D (1.) is 
prepared from 2 mols. of the crude ^-naphthyl- 
amme-5-8ulphonio acid. It is therefore a mix- 
ture of Diamine Red B (60 p.o.), Diamine Red 
3 B (26 p.o.), and Benzopurpurine B (25 p.c.). 
Aqueous solution red, giving a brown colouration 
with acetic acid, and a brown precipitate with 
hydrochloric acid. Red precipitate with sodium 
hydroxide. Solution in sulphuric acid blue, 
giving a brown precipitate on dilution, 

Itlerafure.’-R P. 6846 of 1886 ; D. R. P. 
42021; F. P. 180728; Ber. 1887, 20, 1430, 
2910, 3160, 3353. 

Diamine Red 8 B (A.) ; Deltapurpurine 7 B 

(Lev.). Isomer^ with the preceding. Prepared 
from tetrazotised tolidine and ;8-naphthyl- 
amine-7-sulphonic acid. The cMouring matter 
is precipitated from its aqueous solution by 
aoetio acid, and forms an insoluble calcium 
salt. Red precipitate with sodium hydroxide. 
Solution in sulphuric acid blue, giving brown 
precipitate on mlution 

Ztterature. — E. P. 4846 and 12908 of 1886 ; 
D, R. P. 41201, 48074 ; F. P. 178979 : Ber. 
1887, 20, 2910, 3160. 

Bosacurine 0 (By.) (A.): ^ 

C7H,-N,CioH6(SO.H)*NH'C,H, 

C,H,ff,-OioH6(SO,H)*NH. 


Prepared from tetrazotised tolidine and 1 mol. 
each of j8-naphthylamine-7-tuIphonio acid and 
ethyl-i9.qaphthylamine-7-8ulphonio acid. Wlien 
2 mols. of the latter acid are employed the 
product is known as Rosazurlne B. Both dyes 
give a cherry-red aqueous solution, which gives 
a reddish-violet precipitate with hydrooluoric 
acid. Their solutions in sulphuric acid are 
blue, giving a violet precipitate on dilution. 

Lifem/wre.— E. P. 17083 of 1886; D. R. P. 
41761 ; F. P. 180727. 

Brilliant Purpurlne R (A.) (By.) (L.) : 

C7He'N3-CioH,(S08H),-NH, 

Prepared from tetrazotised tolidine and 1 mol. 
each of )8-naphthylamine-3 : O-disulphonSc acid 
and naphthionic acid. The red aqueous solution 
gives a black precipitate with hy^oohloric oftd, 
%nd a rod one with sodium hydroxide. The 
solution in sulphuric acid is blue, giving a 
blue-black precipitate on dilution. 

li/cuiifire.—E. P. 6687 of 1887 ; D. R. P. 
41095 ; F. P. 160722. 

Brilliant Purpurlne 4 B (A.) (By.) ; 

Prepared from tetrazotised tolidino and 1 mol. 
each of /8-naphthylamine-6-sulphonio acid and 
J naphthionio acid. The yellowish-red aqueous 
solution gives a violet-blue precipitate with 
hydrochloric acid. The solution in sulphuric 
acid is violet-blue, giving a violet- blue precipi- 
tate on dilution. 

Likralure.—E. P. 15296 of 1885 ; D. R. P. 
39096 ; F. P. 160722. 

Azo Blue (By.) (A.) (Lev.)^ Benzoin Blue R 

(B. K.) : 

C7He-Na*CioH3(SO,H)'OH 

(!:,h,n,-c„H5(so,H)oh 

Prepared by the action of tetrazotised tolidine 
on o-naphthol-4-sulphonic acid. Aqueous solu- 
tion of colouring matter violet, becoming crimson 
on addition of sodium hydroxide ; restored to 
violet by, dilute sulphuric acid. Dissolves in 
sulphuric acid with a pure blue colour, giving 
violet precipitate on dilution. 

li'krafure.—E. P. 9510 of 1886; D. R. P. 
35341 ; F. P. 171133 ; A. P. 366078. . 

Congo Corinth B (By.) (A.) (Lev.) (B. K*) 
(L.) (K. S.); Cotton Corinth B (0.) ; Renol 
Corinth B (T. M.) ; Buffalo Violet 4 R (Soh.) j 
Dianil Bordeaux B (M.) ; 

C7H,N3CioH3(SO,H)*NH, 

(!!,H,-N,’C,oHe(SO,H)OH 
From tetrazotised tolidine, naphthionio acid» 
and a-naphthoi-4-8ulphonic acid. Aqueous solu - 
tion magenta-red, giving violet precipitate with 
mineral acids. Blue solution in sulphuric acid ; 
violet precipitate on dilution, 

Literafttrc.— E. P. 15296 of 1886 ; 2213 and 
6687 of 1886 ; D. R. P. 39096 ; A. P. 368866. 
Congo Red 4 R (A.) (By.) : • 

C,H,-Na'C,H,(OH), 

C,H,N,'OioH4(SOaH)NHa 
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From tefcrazotiied telidine, resorcinol, and naph* 
thionio acid. Aqueous solution brownish-red, 
violet precipitate with mineral acid^, brown 
precipitate with acetic acid. Solution in 
sulphuric acid blue, giving violet precipitate on 
dilution.% 

LiterailB^re. — E. P. 15296 of 1886 ; 2213 of 
1886 ; D. R. P. 39096 ; F. P. 160722 (addition). 

BrlUlant Congo R (A.) (By.) (L.) ; Brilliant 
Dianll Red R (M.) ; Azidine Scarlet R (C. J.) : 

C,H,*N,-CioH,(S03H)2-NHa 

From tetrazotised tolidine, jS-naphthylamine- 
3 : 6-disulphonio acid and /S-naphthylamine-C- 
Bulphonic acid (Bronner’s). Aqueous solution 
brownish-red, giving a similarly coloured pre- 
cipitate with mineral acids. Solution becomes 
bluer with acetic acid. Orange precipitate with 
sodium hydroxide. Blue solution m sulphuric 
acid, givmg dark-brown precipitate on dilution. 

I/tterature.~E. P. 6087 of 1887 ; B. R. 1*. 
41095. 

Azo Black Blue B, R (0.) : 

C,He-N,‘CeH3(OH)NHC«H5 

Prepared from tetrazotised tolidine and 1 mol. 
each of m-hydroxydiphonylamine and 8-amino- 
o-naphthoB3 : C-disulphonic acid (ll-acid). Solu- 
tion m water is brownish- violet and in sulphuric 
acid blue, giving a bluish-violet precipitate on 
dilution. 

Literature. — E. P. 10861 of 1891 ; B. R. P. 
70201 ; A. P. 402416. 

Azo Mauve B (0.) : 

C;H,-Ne-0„H3(SO3H)3(OH)*NH, 

Prejpared from tetrazotised tolidine and 1 mol. 
each of 8-amino-a-naphthol-3 : 0-disulphonic 
acid (H-acid) and a-naphthylamine. Violet 
aqueous solution gives a violet precipitate with 
hydrochloric acid, and becomes rather bluer with 
dilute acetic acid. Solution in sulphuric acid 
is blue, becoming violet on dilution. When ^- 
naphthylamine is used instead of the a-com- 
pound the product is Naphthazurlne B (0.), the 
reactions of which are similar to the above. 

Lifemftwc.— As above and A. P. 462416, 
608999. 

Chicago Blue 2 R (A); Benzo Blue 2 R 
(By.) ; Diamine Blue C 2 R (0.) ; Azidine Wool 
Blue R (C. J.) ; 

CrH,-N,‘CMSO,HyOH 

(!),H,-N,-C,„H,(S0,H)(0H)NH, 

Prepared from tetrazotised tolidine and 1 mol. 
each of /B-uaphthol-S-sulphonic acid and 8- 
ommo-d-naphthol-6-Bulphonic acid. The violet- 
blue aqueous solution gives a dark-blue precipi- 
tate with hydrochloric acid, and becomes 
reddish-violet with sodium hydroxide. Solution 
in sulphuric acid is blue, giving a blue precipitate 
on diltttiom The corresponding colour from 
diaaisidine IS Azidine Wool Blue B (C. J.). 

lAteratwe.-~E. P. 27609 of 1907 ; B. R. P. 
20m&, 309269 ; F. P. 383747 ; A. P. 888036. 
examine Blue 4 R (B.) ; 'Azidine Blue 3 RN 


(C. J.) ; Naphthamine Blue 8 RE (£.) ; Dianll 
Azorine 8 R (M.); Benzoazurine 8 R (By.) 
( 0 .): 

C7H3-N3-C,oH3(SOaH)BH 

1;,h.-n,'C,„h.(so3H)(oh)-nh, 

Prepared from tetrazotised tolidine and 1 mol. 
each of O-amino-a-naphthol-3-sulphonic acid and 
a-naphthol-4-8ulphonic acid. Violet aqueous 
solution is precipitated with hydrochloric acid 
or sodium hydroxide. Solution in sulphuric 
acid is blue, giving a violet precipitate on 
dilution. 

Literature . — E. P. 2614 of 1893 ; B. R. P. 
93276 ; F. P. 227892 ; A. P. 621096. 

Columbia Blue G (A.) ; Benzo Red Blue 6 
(By.) ; Diamine Blue LG (C.) : 

C,HeNjOioH,(S 03 H) 3 -OH 

<*!,H,-N,-C.„H^(SOjH)(OH)-NH, 

Projpared from tetrazotised tolidine and 1 mol, 
each of a-naphthol-3 : S-disulphonic acid and 
8-amino - a - naphthol - 6 - sulphonic acid. Blue 
aqueous solution gives a blue precipitate with 
hydrochloric acid, and a reddish-violet one 
with sodium hydroxide. Solution in sulphuric 
acid is grcemsh-bliie, giving a reddish- violet 
precipitate on dilution, 

Chicago Blue R (A.) (By.) ; Diamine Blue CR 
(C.): 

0;H3-E3-C,oH4(«^3H)(OH)'NH3 

I 

(j7H3-N3-OioH4(S03H)(OH)-NH3 

Prepared from tetrazotised tolidine and 8-amino- 
a-naphthol-5-sulphonio acid (2 mols.). The 
violet-blue solution gives a dark- violet precipi- 
tate with hydrochloric acid. The solution in 
sulphuric acid is cornflower blue, giving a bluish- 
violet precipitate on dilution. The correspond- 
ing colour from diaiusidine is Chicago Blue B 
(A.) (By.) ; Diamine Blue CB (C.). 

Literature. — A. P. 606284. 

Dianil Blue B (M.) : 

C\H,'N 3 -Ci„H 3 {S 03 H) 3 ( 0 H), 

I 

C7H3-N3'CioH,(S03H)3(OH)3 

Prepared from tetrazotised tolidine and 2 mols. 
of 1 : 8-dihydroxynaphthalene-3 : 6-disulphonio 
acid (chromotrono acid). The blue aqueous 
solution is not olianged with hydrochloric aciS 
or sodium hydroxide. The solution in sulphuric , 
acid is deep-blue, becoming bluish-violet on 
dilution. 

The corresponding colour from benzidme is 
Dianll Blue R, and from diAnisidine Dianll 
Blue G, and when 1 mol. each of chromotrope 
acid and a-naphthol-4-8ulphonic acid are used 
the product is Dianll Blue 2 R (M.) ; Naph- 
thamlne Brilliant Blue 2 R (K.) ; Benzo New 
Blue 2 B (By.). 

Diamine Blue 3 B (C.) ; Benzo Blue 8 B (By.) ; 
Congo Blue 3 B (A.) (Lev.) ; Azidine Blue 8 B 
(0. J.) ; Chlorazol Blue 3 B (H.) ; Naphthamine 
Blue 3 BX (K.) ; Dianll Blue H 8 G (M.) ; 
Benzamlne Blue 3 B (B.) ; Niagara Blue 8 B 
(Sch.) ; • 

0,H3-Na-CxoH,(SO,H)g(OH)’NH, 

(!i,H,-N,-C,.H,(SO,H),(o4S-NH, 
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PrepAred from tetrazotised tolidine and 8-amino- 
a-naplithol-3 : 6•d]ut^lphomc acid (H-acid ; 2 
mols.). When used in medicine it is known as 
Trypan Blue (M.). The violet aqueous solution 
becomes bluer with Jiydrochlorio acid, and gives 
a precipitate with excess. The solution in 
sulphuric acid is blue, giving a violet precipitate 
on dilution. 

Literature. — E. P. 13443 of 1890; 1742 of 
1891 ; D. R. P. 74693 ; F. P. 201770, 210033. 

Eboll Blue B (L.). Isomeric with the above, 
8-amino-a-naphthol-4 : 6-disulphonic acid being 
used insteacf of H-acid. The blue aqueous 
solution gives a blue precipitate with hydro- 
chloric acid, and becomes reddish-violet with 
sodium hydroxide. The solution in sulphuric 
acid is blue. 

Uieralure.—E. P. 19263 of 1895 ; D. R. P. 
appl. F. 8626 ; A. P. 606430, 606437, 606438, 
606439. 

Diamine Blue BX (0. ) ; Benzo Blue BX (By. ) ; 
Congo Blue BX (A.) (Lev.?; Azidine Blue BX 
(C. J.) ; Naphthamine Blue BXR (K.) ; Dianil 
Blue HG(M.); Eboli New Blue 2 B (L.) ; Benz- 
amine Blue BX (D.) ; Niagara Blue BX (Sch.) : 


C7He-Na-C,oH3(S03n)2(OH)-NH2 

C 7 H,*Na-CioH,(S 03 H)-OH 


Prepared from tetrazotised #olidine and 1 mol. 
each of o-naphthol-4-sulphonic acid and 8- 
amino-a-naphtnol-3 : G-disulphonio acid (11- 
acid). The bluish-violet aqueous solution gives 
a violet precipitate with hydrochloric acid, and 
becomes bluish-red with sodium hydroxide. The 
solution in sulphuric acid is blue, giving a violet 
precipitate on dilution. 

Literature. — E. P. 1742 of 1891 ; Dp R. P. 
74693 ; F. P. 201770 addition. | 

Direct Blue R (I.). 

C 7 Ha-Na-Ci„H 3 (C 03 H)( 0 H) 3 'S 03 H 

Prepared from tetrazotised tolidino and 1 mol. 
each of 1 : 7-dihydroxy-6-carboxynaphthalene- 
3-sulphonio acid and a-naphthol-4-sulphonic 
acid. The violet aqueous solution gives a violet 
precipitation with hydrochloric acid, and 
becomes violet-red with sodium hydroxide. The 
solution in sulphuric acid is blue. The corre- 
sponding colour from dianisidine is Direct 
BlueB^.). 

Literature.— E. P. 14161 and 14263 of 1892 ; 
D, R. P. 67000, 76268 ; F. P. 219875, 220468 ; 
A. P. 493663, 493664. 

Indazurlne RM (I.). Isomeric with the 
preceding. A different naphthoic acid, viz. ; 
1 : 7-dihydroxy-2 - carboxynaphthalene - 4 - sul- 
phonic acid is used, the other constituents being 
the same. The violet- blue aqueous solution 
becomes bluer with hvdrochloric acid and red 
with sodium hvdroxide. The solution in sul- 
phuric acid is blue, giving a violet precipitate 
on dilution. The corresponding colour from 
dianisidine is Indazorine GM (I.). 

JAterature.—A. R 624070. 

IndiKurine TS (I.) : 


C7H,-N,*CioH,(COaH)(OH)|jSOaH 
Prepared as thi preceding, except that 7-amino- 


a-naphthol-3-sulphonic acid ^ used instead of 
a-naphthol-4-sulphomo acid.* The violet-blue 
aqueous solution becomes redder with fwids or 
alkalis. The solution in sulphuric acid is blue, 
giving a violet precipitate on dilution. 

Literature. — As above. ^ 

Milling Scarlet 4 R (M.) ; Acid Anthracene 
Red 3 B (By.) ; Florida Red R (L.) : 

Prepared from tetrazotised tolidinodisulpbonio 
acid and ;8-naphthol (2 mols.). The carmoisine- 
red aqueous solution gives a violet precipitate 
with hydrochloric acid. The solution in sul- 
phuric acid is violet-red. 

Diamine Yellow N (0.) : 

C3H6-0C3H3N3C3H3(C03H)-0H . 

Prepared by combining tetrazotised ethoxyben- 
zidino first with salicylic acid (1 mol.) and then 
with phenol (1 mol.) and ethylating the product. 
The yellow aqueous solution gives a greenish 
precipitate with liydrochloric acid and a reddish- 
yellow wuth sodium hydroxide. The solution 
I in sulphuric acid is violet, giving a greenish- 
1 brown precipitate on dilution. ^ 

i Literature.— E. P. 14464 of 1887 ; D. R. P. 
46134; F. P. 186566, 186667; A. P.*380067. 
Diamine Blue 3 R (0.) : 

C31Ib-OCoH3-N3-C,oH,(S03H)'OH 

CeH,‘NaCioHB(S03H)*OH 

Prepared from tetrazotised ethoxy benzidine and 
a-naphthol-4-sulphonic acid (2 mols.). The 
reddish-blue aqueous solutioif is not changed 
with hydrochloric acid, but becomes reddish- 
violet with sodium hydroxide. The solution in 
sulphuric acid is dark-blue, giving a violet 
precipitate on dilution. 

Literature. — As above. ^ 

Diamine Blue B (C.) : ^ 

CaH3'OCflH3N3CioH4(S03H)3-OH 

Prepared from tetrazotised ethoxybenzidine and 
1 mol. each of i8-naphthol-3 : 7-di8uIphonio acid 
and o-naphthol-4-8ulphonic acid. The blue 
aqueous solution gives a blue precipitate with 
hydrochloric acid, and becomes reddish-blue 
with sodium hydroxide. The solution in sul- 
phuric acid is blue, giving a blue precipitate on 
dilution. 

Literature. — As above. 

Diamine Blue Black E (C.) : 

C 3 H 3 -OCeH,-N,*C,oH,(S 03 H),-OH 

I;,h,-n,-c,oH.(SO,h)(oh)-nh, 

Prepared as the preceding, except that 7-amino- 
a-naphthol-3-8ulphonio acid is used instead of 
a-naphthol-4-sulphonio acid. The combination 
is effected in alkaline solution. The blac^h- 
blue aqueous solution gives a blue jireomitate 
with hydrochloric acid, and is not changed with 
sodium hydroxide. The solution in Bulphuric 
acid is blackish- blue, giving a blue precipitatf 
on dilution. * 
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Likraiure.-^K P. 16699 of 1889 ; D. E. P. 
67867 ; F. P. 201 TZO. 

Dlwurlne B (By.) ; 

CH3*OC,Ha*Na-CioH6(SO,H)-NH, • 

Prepared from tetrazotised dianisidine and a- 
naplithylamme-6-(or 7-)8ulphonic acid (Cleve’s 
acid) (2 mols.). The brownish-red aqueous 
solution gives a blue precipitate with hydro- 
chloric acid and a soluble red one with sodium 
hydroxide. The solution in sulphuric acid is 
blue, giving a blue precipitate on dilution. 
Literature. — L). K. P. 65262. 

Benzopurpurlne 10 B (By.) (Lev.) (K.) (L.) 
(A.) (Q.) (K. S.) (T. M.) ; Dlanil Red 10 B (M.) ; 
Cotton Red 10 B (1.) (P.) ; Diamine Red 10 B 
{CA ; Buffalo Cardinal 7 B (Sch.). Isomeric 
with the preceding. Prepared from tetrazotised 
dianisidine and 2 mols. of naphthionic acid. 
The carmine-red aqueous solution gives a blue 
precipitate with hydrochloric acid and a red 
one with sodium hydroxide. The solution in 
sulphuric acid is blue, civins: a blue precipitate 
on dilution. 

Literature. — E. P. 14424 of 1885 ; D. R. P. 
33802 ; F. P. 173042 ; A. P. 481054. 

Azo- Violet (By.) (A.) (L.) (Lev.) : 

CH3*0-CaH3-N2-Ci„H,(S03H)-NH2 

• I 


CH 3 ' 6 -CVl 3 -Na-C,oH 3 f« 03 H)-OH 

Tetrazotised dianisidine (1 mol.) is combined 
with 1 mol. of naphthionic acid, and then with 
1 mol. of a-naphthol-4-sulphonic acid. Aqueous 
solution reddish- violet, giving blue precipitate 
with mineral acids and bluish-violet colouration 
with acetic acid. Solution turned magenta 
by sodium hydroxide. Dissolves* with a blue 
colour in sulphuric acid, giving a blue precipitate 
on dilution. 

Ltteraiure.~E. P. 14424 of 1885 ; 7283 of 
1886; D. R. P. 40247; F. P. 173042; A. P. 
447302. 

Benzoazurine G (By.) (A.) (L.) (Lev.) (K.) 
(0.) (K. S.); Dianil Azurlne G (M.); Renol 
Blue B (T. M.) ; Cotton Blue 3 G (I.) ; Benzoin 
Blue GN, 2GN, 5GN (B. K.); Direct Blue G 
extra (Sch.); examine Blue A (B.); Azidine 
Blue BA (C. if.)' 

CH3’OC3H3-N3C,oH3(S03H)-OH 

CH,-OC3H3'N2-CioH3(SO,H)‘OH 

Prepared by the action of tetrazotised dianisi- 
dine on o-naphthol-4-8ulphonic acid. Aqueous 
solution bluish- violet, becoming red on audition 
of sodium hydroxide ; dark- violet precipitate 
with dilute hydrocliloric acid. Dissolves in 
sulphuric acid with a blue colour, giving violet 
precipitate on dilution. Benzoazurine R (By.) 
^A.) (L.) (0.) is a mixture of benzoazurine G 
and azo blue. 

Literature.—E. P. 14424 of 1885 ; D. R P 
388Q2 ; F P. 173042 ; A. P. .357273, 481964. 

Benzoazurine 3 G (By.) (A.) (L.) (Lev.) (K.). 
IiKiinerio with the above, a-^aphthol-5-sul- 
phonic acid (I^aurent’s acid) is used instead of 
the 4*fHilp%i<»mo acid. Aqueous solution bluish- 
^plet, bluish- violet precipitate with 

hydrocihiorio acid and beconfimr violet-red with 


sodium hydroxide. Solution in sulphuric add 
is blue, giving violet precipitate on oilution. 

Literature.— k& above. 

Congo Blue 2 B (By.) : 

CH3-0-CeH3-N3-CioHi{S03H),OH 

CH3-0-C3H3-N3-C,oH3(SOaH)-OH 
Prepared from tetrazotised dianisidine and 1 
mol. each of j8-naphthol-3 : 6-disulphonic acid 
and a-naphthol-4-8ulphonic acid. Blue aqueous 
solution gives a dark- blue precipitate with 
hydrochloric acid, and becomes magenta-red 
with sodium hydroxide. Solution in sulphuric 
acid is blue, giving a blue precipitate on uilution. 

Literature . — ^E. P, 7283 of 1886 ; D, R. P. 
40247; F. P. 173042 (addition); A. P. 467162. 

Chlorazol Blue R and 3 G (H.) : 

CH 3 - 0 -CflH 8 -Na*C,oH*Cl(S 03 H)OH 

CH3-0-i3H3-hT2'C,oH4Cl(S03H)-OH 
i'rcpared fi-om tetrazotised dianisidine and 
2 mols. of chloro-a-naphthol-5- and -4-sulphonio 
acids respectively. The violet aqueous solu- 
tion undergoes httle change with hydrochloric 
acid, but turn.s crimson with sodium hydroxide. . 
'I’he solution in sulphuric acid is greenisK-blue 
(R) or green (3 G). 

Liferatvre.—E. V. 12085 of 1898. 

Diamine Bfilliant Blue G (C.) : 

CH3-OGeH3-N3-CioH3Cl(S03H)3DH 

OHj-O i,H,-N,C„Ha01(SO,H),-0H 
Prepared from tetrazotised dianisidine and 2 
mols. of 8-chloro-a-naphthol 3 : 0-diaulphonio 
acid. JBluish- violet aqueous solution gives a 
soluble violet precipitate with hydrochloric acid, 
and becomes chcrry-red with sodium hydroxide. 
Solution in sulphuric acid is greenish-blue, 
turning violet on dilution. 

Literature. —E. P. 1920 of 1894 ; D. R. P. 
79055, 82285; F. P. 235271 ; A. P. 632126, 
635037, 

examine Blue B (B.) : 

CH3'OCeH3N30,„lI,(SO3H)OH 

Prepared from tetrazotised dianisidine and 1 mol. 
each of 6 amino-a-naphthol-S-sulphonio acid 
and a-naphthol-4-sulphonio acid. Dark-blue 
aqueous solution turns reddish-violet with 
sodium hydroxide, and pale violet with hydro- 
chloric acid. The solution in sulphuric acid is 
bluisli-green, becoming violet on dilution. 

LitGraturc.—E. P. 2370 of 1893 ; D. E. P. 
82572 ; F. P, 229263 ; A. P. 658344. 

Chicago Blue 6 B (A.) ; Brilliant Benzo Blue 
6 B (By.) ; Diamine Sky Blue FF (G.) ; Azidine 
Sky Blue FF (€. J.) ; Chlorazol Sky Blue FF (H.) ; 
Dianol Brilliant Blue 6 B (Lev.); Oxamlne 
Sky Blue 6 B (B.) ; Dlanil Sky Blue FH (M.) : 

CH 30 -CeH 3 NaC,oH 3 (SO,H),(OH)*NH, 

OH,-0-(':,H,-N,’CjoH,(gO^),(OH)-NH, 
Prepared from tetrazotised dianisidine and 2 
mols. of 8-Aiuino-a-naphthol-6 : 7-disidpholiio - 
aoid (S-acid). The oomnination is effected in 
alkaline solution. Blue aqueous ^lution is not 
changed with hydrochloric acid, but becomes 
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bluiih'Violet with Bodium hydroxide. Solution 
in sulphurio acid is bluish-green, becoming pure 
blue on dilution. 

Diamine Sky Blue (C.) ; Benxo Sky Blue (By.) ; 
Congo Sky Blue (A.)^ Dianol Sky Blue (Lev.) ; 
Renol Pure Blue (T. M.); Azldine Sky Blue 
(C.J.); CtilorazolBlue6 G (H.); Naphthamine 
Blue7B(K.); Dianil Blue H 6 G (M.) ; Oxamine 
Sky Blue 6 B (B.) ; Benzamine Sky Blue (D.) ; 
Benzoin Sky Blue (B. K.) ; Direct Blue RBA (L.) ; 
Niagara Blue 4 B (Sch.). Isomoric with the 
preoedmg. Two mols. of 8-amino-a-naphthol- 
^ 3 : 6-disulphonic acid (H-acid) are used as com- 
* ponents. Blue aqueous solution is not changed 
with hydrochloric acid, but becomes redder 
with sodium hydroxide. Solution in sulphuric 
acid is bluish-green, becoming pure blue on 
dilution. 

Literaiure,~E. P. 1742 of 1891 ; D. R. P. 
74593 ; F. P. 201770 ; A. P, 404135. 

Chicago Blue RW (A.) ; Benzo Blue RW 
R^' (Lev f Blue RW(0.) ; Dianol Blue 

CH8-0-CeH3-Na-CioH,(803H)2(OH)-NHa 

CH3-0-CeH3-N,l\oHe-OH 

Prepared from tetrazotised dianisidine and 1 
mol. each of 8-arnino-o-naphthol-5 : 7-disul- 
phonio acid and i8-na[)hthol. Blue aqueous solu- 
tion gives a blue precipitate with hydrochloric 
acid, and becomes violet with sodium hydroxide. 
Solution in sulphuric acid is green, giv ing a 
violet precipitate on dilution. 

Chicago Blue 4 B (A.) ; Benzo Sky Blue 4 B 
(By.) ; Diamine Sky Blue C 4 B (0.). Instead 
of ^-naphthol in the preceding colouring matter, 
8-amino-a-naphthol-5-sulphonic acid is * used. 
Blue aqueous solution gives a bluish-violet 
precipitate with hydrochloric acid, and is 
unchanpd with sodium hydroxide. Solution 
in sulphuric acid is bluish-green, giving a blue 
precipitate on dilution. 

Indazurine B (I.) : 

CH,-0-C3H3-N3CioH,(S03H)3-OH 

CH3'0*C«H3N2C\oH,(S03H){OH)a 
Prepared from tetrazotised dianisidine and 1 mol. 
each of 1 ; 7-dihydroxynaphthalene-4-8ulphonic 
acid and j8-naphthol-3 : G-disulphonic acid. Blue 
aqueous solution turns bluer with hydrochloric 
acid and red with sodium hydroxide. Solution 
• in sdphurio acid is blue, givmg a reddish-blue 
precipitete on dilution. When m-tolylenedi- 
amine is used instead of R-salt the colour pro- 
duced is called Direct Violet BB (1.). The 
violet aqueous solution shows the same reactions 
as the above, as does also the solution in sul- 
phurio acid. 

Literature.— -D. R. P. 524069 ; A. P. 524069. 

Brilliant Azurine 5 G (By.) (A.) (L.) : 

CH3*0-C.H3-N3‘C,oH,(S03H){OH)3 

CH,‘0-C,H3-N3*C,oH4(S03H)(OH)3 
Prepared by oombmmg tetrazotised dianisidine 
with 2 mois. of 1 ; 8-dihjrdroxynaphthalene-4- 
sulphonio add in acetic acid solution. Aqueous 
sdton is bluish- violet ; witii hydrochloric acid 
gives a blue precipitate, andf with sodium 
hydroxide becomes red. Solution in sulphuric 


add is greenish-blue, giving a dark reddish- 
blue precipitate on dilution, * 

Ltieratifre.—E. P. 14424 of 1886 ; 13666 of 

417^4 ^ 

Indazurine BB (I.) : / 

CHjOC.H,NjCi„H3(CO,H)(SO,H)tOH), 

CHaO-C,H3lJ3-C,oH,(SO,H),-OH 
Premred from tetrazotised dianisidine and 1 mol. 
each of 1 ; 7-diliydroxy-2-carboxynaphthalene- 
4-8ulphonic acid and j8-naphthol-3 : 6-disulphomo 
acid (R-salt). Blue aqueous solution becomes 
slightly bluer with hydrochloric acid, and redder 
with sodium hydroxide. Solution in sulphuric 
acid is greenish-blue, givmg a blue precipitate 
on dilution. • 

Literature. — A. P. 524070. 

Indazurine 5 GM (I.) : • 

CH3003H3‘Na*CioH8(C03H)(S03H)(OH)a 

CH30CeH3*N3-C,„H3(S03H)3(0H)-NH3 
Prepared as the preceding, except that 8-amino- 
a-naphthol-3 : 0-disulphonio acid (H-acid) is 
used instead of R-salt. The pure blue aqueous 
solution is not changed with hydrochloric acid, 
buf becomes redder with sodium hydroxide. 
The solution in sulphuric acid is bluish-green, 
becoming bluish-violet on dilution. 

Literature. — As above. • 

Hessian Yellow (L.) : 

CH-CeH,(S03H)-N3CeH3(C08H)'0H 

CH-CeH3(S08H)*N3-CeH3(C03H)-0H 
Prepared from tetrazotised diaminostilbenedi- 
sulphonic acid ^ and salicylic acid. Aqueous 
solution ochreous, giving blackish precipitate 
with mineral acids. Solution reddened by 
sodium hydroxide. Reddish- violet solution in • 
sulphuric acid, giving blackish precipitate on 
dilution. 

Liieralure.~-F. P. 4387 of 1886; D. R. P, 
38736 ; A. P. 350299, 350230. 

Hessian Purple N (L.) (Byf). 

' CH-C6H3(S03H)N3-C\oH3-NH3 

CHC3H3(S03H)-N3C\oH3NH3 
From tetrazotised diaminostilbenedisulphonio 
acid and )0-naphthyIamme. Aqueous solution 
red, giving bluish-black precipitate with mineral 
acids, and violet- black precipitate with acetic 

acid. Rod colouration or precipitate with sodium 

hydroxide. Blue solution in sulphurio acid, 
giving bluish-black precipitate on dilution. 

References as in preceding. 

Brilliant Yellow (L.) (A.) (By.) : 

CH-CeH3(S03H)N3-C3H,-0H 

I;h-c.H3(so,H)N3-c.H30H 

From the same tetrazo-disulphonio acid and 

' DIaminostilbenedlaulphonic add 
CH = CH 



JiH, NH, 

is prepared by boiling p-nltrotoluene-o-sidphonlO add 
wth sodium hydroxide and reducing the produd with 
unc-dust. 
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phenol. Aqueous solution orange, giving violet 
precipitate with Aiineral acids. Dissolves with 
a readish-violot in sulphuric acid,, giving a 
violet precipitate on dilution. 

References as in preceding. 

ChTiisophenine G (K. S.) (L.) (A.) (By.); 
ChrysobaFine G extra cone. (T. M.) ; Phenine 
Yellow (P.) ; Azldine Yellow CP (C. J.) ; Direct 
Yellow CRG (L.) ; Aurophenine 0 (xM.) ; Pyra- 
mlne Yellow G (B.) ; Triazol Yellow G (0.) : 

CHOaHaliSOalllNaCeH^OCaHj 


G (1.) ; Direct YeUow R (P.) (0.) ; DUunlne 
Fast YeUow A (C.). Prepared by heating 
nitrotoluenesulphonic acid with aqueous somum 
hydroxide. Direct yellow RT, which was 
analysed by Green (/.c.), is considered to have 
the constitution. 


0H-CeH3(S08H)-N=N-CeH3(S08H)-CH 


CHCeHaiSOaHl'N-NCeHalSOaHl-CH 

\/ 

0 


OH-CeHaiSOaHj-Na'CaH.-OCaHa 
Prepared by ethylating the preceding colouring 
matter. Aqueous solution orange, giving brown 
precipitate with mineral acids. Dissolves with 
a reoaish-violet colour in sulphuric acid, givmg 
blue precipitate on dilution. 

• LUeralure.~K P. 3994 of 1887 ; D. R. P. 
42466; F. P. 182063; Ber. 1894, 27, 3357; 
1903, 36, 2975. 

Hessian BriUiant Purple (L.) 

CH-CeH 8 (S() 3 H}-Na-CioH 6 (S 03 H)-NIlj 

l!H-C,H.(S03H)-Nj-C,„H5(S0,U)-NH2 
Prepared from tetrazotised diaminostiibeuodi- 
culphonic acid, and 2 mols. of ^S-naphthylainme- 
6-8ulphonic acid. Purple-red aqueous solution 
gives bluish- black precipitate with hydrochloric 
acid and carmine-red precipitate with sodium 
hj^droxide. Solution in sulpliuric acid blue, 
giving a bluish-black precipitate on dilution. 

References as for Hessian Yellow. 


Stilbene Colouring Matters. 

The colouring matters which have hitherto 
been classified under this head are produced by 
alkaline condensation and oxidation of p-nitro- 
toluenesulphonic acid under various conditions. 
They have generally been considered to be 
nitroso- or azoxy- stilbene derivatives, but the 
recent researches of A. G. Green and his colla- 
borators have shown that all the colouring 
matters of this group must be regarded as azo- 
dyes (Chem. Soc. Trans. 1904, 85, 1424, 1432 ; 
1906, 89, 1602 ; 1907, 91, 2076 ; 1908, 93, 1721 ; 
J. Soc. Dyers, 1907, 23, 162). The first action 
of alkali hydroxide on p-nitrotoluenesulphonio 
acid leads to tlie formation of a dinitrosostilbenc- 
disubhonio acid, one molecule of which is oxi- 
dised at the expense of a second molecule, and 
the remaining two nitrogen atoms of two mole- 
cules combine to form an azo- group m a 
distilbene molecule : 


CH-CaH8(S08H)-N0 
2 II 

CH-CaH8(S08H)-N0 

CH-C 8 H 8 (S 0 ,H)Nt=iz,-:_NC 8 H 8 (S 03 H)CH 


CH-CaHjlSOjHlNOa N0a-C8H3(S03H)CH 
The equation represents the formation of the 
greenest yellow of the series (stilbene yellow 
8G : see bebw). The redder yellows and oranges 
may regarded as formed therefrom by the 
reduction of the two nitro- groups, first to an 
azoxy. and finally to an azo- group. 

Sub Ydlow (G.) (K. S.) ; Afghan Yellow (H.) ; 
Curoumln^ 5 (L.) (A.) ; Direct Yellow J (P.) ; 
Afidine Fast YeUow G (C. J.) ; Direct YeUow RT 
( 01 . Co.); Dlreit YeUow F(8ch.); Direct YeUow 


(the colouring matter being, of course, the 
sodium salt). 

Aqueous solution is browiiish-ycllo\.. Solu- 
tion in sulphuric acid is violet, becoming yellow 
on dilution. 

Ltteralurc.-~E. P. 4387 of 1886 ; D. R. P. 
38735; F. P. 175630; A. P. 360553; Bull. 
Mulhouse, 1887, 99 ; Ber. 1886, 19, 3234. 

Naphthamine Yellow 6 (K.) ; Direct YeUow 
R (By.) ; Renol Yeflow R (T. M.). Prepared as 
above, but tlie temperaturo of the reaction 
is bO^-SS*". Reddish-yellow aqueous solution 
gives brown precipitate with excess of hydro- 
chloric acid and a yellow precipitate with 
sodium hydroxide. Solution in sulphuric acid 
is cherry-red, becoming yellow on dilution. 

Lilerature.—E. P. 23072 of 1892 ; D. R. P. 
79241 ; F. P. 22^635 ; Bor. 1893, 26, 2233 ; 
1895 28 2281 

Mikado YeUow (A.) ; Mikado Yellow G (L.) ; 
Mikado Gold Yellow 2 G, 4 G, 6 G, 8 G (L.) ; 
Naphthamine Yellow 2 G, 3 G (K.); Renol 
Yellow 2 G (T. M.) ; DIanil Direct YeUow S 
(M.); Formal Yellow (G.); Stilbene YeUow 8 G 
(B.) ; Paper Yellow (M.). Prepared by treating 
the products of condensation of p-nitrotoluene* 
sulphomc acid and sodium hydroxide with 
oxidising agents. Yellow aqueous solution 
gives a brownish-yellow precipitate with hydro- 
chloric acid, and yellow solution or precipitate 
with sodium hydnjxide. Solution in sulphuric 
acid is orange to red, becoming yellow on 
dilution. 

Literature.— E. P. 23672 of 1892 ; D. R. P. 
42466; F. P. 226635; Ber. 1893, 26, 2234; 
1897, 30, 2018, 3097 ; 1898, 31, 354, 1078. 

Stilbene Yellow G, 4 G, 6 G, 8 G (Cl. Co.). 
The constitution of the last brand has already 
boon given. The colouring matters are alkaline 
condensation products of dmitrodibenzyldisul- 
phonic acid, and dinitrostilbenediaulphonic acid. 
Solution in sulphuric acid is orange to yellowish* 
red, becoming yellow on dilution. 

Literature.— E. P. 5351, 21563, 21399, of 
1897 ; 3393 of 1898 ; D. R. P. 96107, 113613, 
113514 ; F. P. 272384, 273018, 273037 ; Ber. 
1897, 30, 3097 ; 1898, 31, 1087. 

Diphenylcltronine G (G.). Prepared by con* 
deling dmitrodibenzyldisulphonic acid with 
aniline in presence of sodium hydroxide or by 
condensing similarly dinitrostilbenedisulphonio 
acid. Yellow aqueous solution gives a brownish- 
yellow precipitate with hydromiloric acid, and 
an orange-yellow one with sodium hydroxide. 
Solution in sulphuric acid is orange, giving a 
brownish-yellow precipitate on dilution. 

Literature— E. P. 18990, 21399, 21663 of 
1897 ; D. R. P. 101760, 113514 ; P. P. 269460, 
273018; A. P. 613911. 

Diphenyl Fast Yellow (G.). Prepared by 
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condensing dinitrodibenzyidiaulphonic acid or 
dinitroatUbenedisulphonio acid with primuline 
or dehydrothio-p-toluidinesulphonio acid *in 
presence of sodium hydroxide. Yellow aqueous 
solution gives, a brownish-orange yellow precipi- 
tate with hydrochloric acid, and an orange- 
yellow one with sodium hydroxide. Solution 
in sulphuric acid is red, giving a brownish- 
yellow precipitate on dilution. 

Literature.— E, P. 18990, 21399, 21653 of 
1897; D. R. P. 100613, 113514 ; P. P. 269466, 
273018. 

Mikado Brown B, 3 GO, M (L.). Prepared 
*bv the action of alkalis on p-nitrotolucncsul- 
phonic acid in presence of oxidisable substances. 
Brown aqueous solution gives a brown pre- 
cipitate with hydrochloric acid. Solution in 
sulphuric acid is violet-black, giving a brown 
precipitate on dilution. 

Literature.— E. P. 2664 of 1888; I>. R. P. 
46262, 48528; P. P. 189697 ; A. P. 395116, 
396627. 

Mikado Orange G to 5 R (L.) ; Naphthamine 
Orange 2 R (K.) ; Direct Orange G ((1) ; Chlor- 
amine Orange G (By.); Stilbene Orange 4 R 
(Cl. Co.) ; Stilbene Yellow 3 G (B.). Prepared 
by the same reaction as the preceding, and 
by the action of alkaline reducing agents on 
direct yellow. Orange-yellow aqueous solution 
gives a dark- brown precipitate with hydro- 
chloric acid, and an ori^nge one with sodium 
hydroxide. Solution in sulphuric acid is violet 
to blue, giving A brown precipitate on dilu- 
tion. 

Mikado Orange 3 RO (L.) has the constitu- 
tion 

CH'C5H3(SOaB)-N : N'CeH 3 (S 03 H)-CH 

II II 

CH‘CeH 3 (S 03 lI)'N : N-CeH3(803H)-CH 

Brands 4 RO and 5 RO are redder shades. 

Literature. — E. P. 2664 of 1888; D. R. P. 
46262, 48528, 96929; P. P. 189697; A. P. 
395116, 396627 ; Ber. 1893, 26, 2233 ; 1896, 28, 
2281. 

Polychromine B (G.) ; Fast Cotton Brown R 
(G.); Direct Brown R (G.). Prepared by 
boiling equal molecules of p-mtrotoluenesul- 
phonic acid and p-phenylenodiamine with 
sodium hydroxide. Orange -brown aqueous 
solution gives a blue-black precipitate with 
hydrochloric acid. Solution in sulphuric acid 
is reddish-violet, giving a bluish-black precipi- 
^tate on dilution. 

Literature. — ^E. P. 16671 of 1890; D. R. P. 
69290 ; P. P. 208626 ; A. P. 455952. 

Diphenyl Orange RR (G.) ; Azidine Orange D 
2 R (C. J.). Prepared by condensing 2 mols, of 
p-nitrotoluenesulphonio acid with 2 mols. of 
p-phenylenediamine in presence of concentrated 
aqueous sodium hydroxide. Orange - yellow 
aqueous solution gives a bluish-black precipitate 
with hydrochloric acid, and an orange one with 
sodium hydroxide. Solution in sulphuric acid 
is red, giving a bluish-black precipitate on 
dilution. 

Literature.— E. P.*6661 of 1899; D. R. P. 
appl. G. 13069 ; P. P. 286620 ; A. P. 636066. 

CUeagO Orange G (G.). Prepared by con- 
d^iaing p-nitrotoluenesulphonic acid with benzi- 
dine in piesenoo of sodium hydroxide. Orange- 
yellow aqueous solution gives a brown precipi- 
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tate with hydrochloric aoi(^ and an or^e- brown 
one with sodium hydroxide. "Solution in sul- 
phuric acid is violet, giving a brown precipitate 
on dilution.* 

Literature.— E. P. 788 of 1893; D. R. P. 
76326 ; P. P. 227271. - 

Arnica Yellow (G.). Prepared by coswiensing 
p-nitrotoluenesulphonic acid with p-amino- 
phenol in presence of boiling aqueous sodium 
hydroxide. Brownish-yellow aqueous solution 
gives a brownish- black precipitate with hydro- 
chloric acid. Solution in sulphuric acid is 
violet, giving a dark- brown precipitate on 
dilution. 

Literature. — F. P. 222564. 

Diphenyl Chrysoine G (G.). Prepared by 
ethylating the preceding. The constitution is 
probably • 

0 H*C,H 3 (S 03 Na)-N : N C.H^-O-CjHj , 

II 

CtPCeH3(S08Na)-N : 

Golden -yellow aqueous solution gives a blackish- 
brown precipitate with hydrochloric acid, and an 
orange one with sodium hydroxide. Solution 
in Biilphiiric acid is violot-rcd, giving a blackish- 
brown precipitate on dilution. , 

Ltleralure.—E. P. 6661 of 1899 ; D. R. P. 
appl. G. 7525, 13069; F. P. 286620; A. P. 
636065. 

Diphenyl Chrysoine RR (G.). Prepared by 
diazotising dijihcnyl orange RR (G.), combining 
the diazo- compound with phenol and ethylating 
the product. Reddish-orange aqueous solution 
gives a blackish-brown precipitate with hyio- 
chloric acid, and a reddish-brown one with 
sodium hydroxide. Solution in sulphuric acid 
is pure blue, giving a brownish-black precipi- 
tate on dilution. 

Literature.— E. P. 6661 of 1^99; D. R. P. 
117729; P. P. 280620; A. P. 644462. 

I Diphenyl Fast Brown G (G.). Prepared as 
ilie jiroceding, but the diazo- compouna is com- 
bined with 7-phenylamino-a-naphthol-3-8ul- 
phoriic acid. The dark yellowish- brown aque- 
ous solution gives a blackish-fe'own precipitate 
with Iiydrochloric acid, and a dark-brown one 
with sodium hydroxide. Solution in sulphurio 
acid is dark blue, giving a blackish-brown 
precipitate on dilution. 

References as above. 

Diphenyl Catechine G (G,). Prepared as 
above, but the diazo- compound is combined 
with 7 - dimcthylamino - a - naphthol-3-sulphonio 
acid. Yellowish-brown aqueous solution gives 
a dark-brown precipitate with hydrochloric acid, 
and a brown one with sodium hyi-oxide. 
Solution in sulphuric acid is blackish violet-blue, 
giving a blackish- brown precipitate on dilution. 

References as above. 

Curcuphenine (Cl. Co.). Prepared by con- 
densing p-nitrotoluenesulphonic acid with de- 
hydrothio-p-toluidinesulphonic acid in presence 
of very dilute aqueous sodium hydroxide. 
Yellow aqueous solution gives a brown preeipi- 
tate with hydrot hloric acid. The solution in 
sulphuric acid is red, giving a brownish-yellow 
precipitate on dilution. 

Literature.— E. P. 12922 of 1896 ; €). R. P. 
99576 ; P. P. 264766., 

Chlorophenine Orange ( various marks) (Cl. Co. ) 
are reduction products of the preceding. 
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IV. Teisazo- Coloubino Mattbbs, 

These colours, as their name implies, contain 
three azo-groups. • 

Janus Brown B (M.) : 

N(CHa)3CI'C,H4NaCioHa-NaCeHj(NH2)2*N2C«HB 

Prepared by combining diazotiaed w-amino- 
phenyltrimethylammonium chloride with a- 
naphthylamine, diazotising the product and 
combining with chrysoidine. Aqueous solution 
is brown, giving a soluble brown precipitate with 
hydrochloric acid or sodium hydroxide. ►Solu- 
tion in sulphuric aci4 is dark green, becoming 
brown on dilution. 

Literature. — E. P. 9343 of 1890 ; I). R. P. 
96630. 

Janus Brown R (M.) is nrepared from diazo- 
tise^ p-aminobenzyldiethylamine and a-naph- 
thylamine, the product being diazotised and 
Combined with chrysoidine, resorcinol, or y/i- 
phenylonedia'mine. Reactions are similar to 
those given by the preceding colour. 

Literature.— P. 19970 of 1H9G ; D. R. 1*. 
99127 ; F. P. 250150 ; A. P. 010346 ; nee also 
B. R. P. 93499, 100420 ; E. P. 204579 ; A. V. 
002638, 602639, 602640, 623697, 020913. 

Melogene Blue BH (K. S.) ; Diamine Beta 
Black (C.). 


N 


^C«H«-N2*C,oH3(S03H)2(OH)-NH2 

«\Ci3H,*N3-C,„H3(S03U)3(()H)-NH3 


Tetrazotised benzidine is combined with 1 mol. 
of p-xylidine, the product diazotised and com- 
bined with 2 mols. of 8-amino-a-naphthol-3 : 0- 
disulphonic acid (H-acid). The violet-blue 
aqueous solution gives a violet precipitate with 
hydrochloric acid, and becomes violet with 
sodium hydroxide. The solution in sulphuric 
acid is blue, giving a bluish-violet precipitate 
on dilution. * 

Literature. — E. P. 28810 of 1896 ; E. P. 
262109; A. P. 691616. 

Diazo Blue Black RS (By.) : 


N 


^C,oHe-N3*C,oH3(S03H)3(OH)-NH 

»\.C, 3 H,-N 3 'C\oH 3 (S 03 H) 2 (OH)'NH 


a 

a 


Tetrazotised benzidine is combined with I mol. 
of a-naphthylamine, the product diazotised and 
combined with 2 mols. of H-acid. The dark 
blue aqueous solution gives a blue precipitate 
with hydrochloric acid, and becomes redder with 
sodium -hydroxide. The solution in sulphuric 
acid is darx bluish -green, giving a blue precipitate 
on dilution. 

Direct Black V and RR (P.) are analogous 
colours derived from benzidine, 8-amino-a* 
naphtholsulphonic acid, a primary amine, and a 
m-oiamine. 

Benzo Gray S extra (By.): 



The boburing matter from tetrazotised benzidine 
and 1 mol. each of salicylic acid and a-naphtliyl- 
amine is diazotised and combined with a-iiaph- 
thol-4-sulphonic acid. The Bordeaux-brown 
aqueous solution gives a black precipitate with 
faydrochlorio acid. The solution in sulphuric 
acid is blue, giving a black precipitate on 
dUution. » 

IMmillure. — E. P. 13236 of 1890 ; D. R. P. 
57331 ; P. P. 187366. 


Beozo Olive (By.) 

oH.’Nj-C 

;,H8 N2 C.fia(C!OaH)-0H ' 


^ ^C,oH, N 3 -C, 5 H^ 80 jH)^(OH)*NH, 


Prepared as the preceding|^ except that S-amino- 
a-naphthol-3 : G-disulphomo acid (H-aoid) is 
used as the end component. The dark moss- 
green aqueous solution gives a blackish-grey 
precipitate with hydrochloric acid, and becomes 
dark brown with sodium hydroxide. Solution 
in sulphuric acid is violet, giving a greenish- 
black precipitate on dilution. 

Literature.— E. P. 3439 of 1891 ; D. R. P. 
05480 ; F. P. 187366. 

Congo Fast Blue R (A.) ; Benzo Fa«t Blue R 

(By.) : 


N 


^CioH3-N3CioH,(S03H)3-OH 

*\Ci 4 H, 2 N 3 C,oH,(S 03 H) 3 'OH 


Tolidine is tetrazotised and combined with 
1 mol of a-naphthylamine, the product diazo- 
tised and combined with 2 mols. of o-naphthol- 
3 : 8-disulphonic acid (f-acid). The blue aqueous 
solution is precipitated with acids or alkalis. 
The solution in sulphuric acid is blue, giving a 
blue precipitate on dilution. 

LUmituH'.—E. P. 6932 of 1890; D. R. P. 
00921 ; F. P. 205015. 

Benzo Black Blue R (By.) : 


"»\OuH,2-N3-0,oH6(S03H)-OH 

Tolidine is tetrazotised and combined with 
1 mol. of a-naphthylamine and the intermediate 
product diazotised and combined with 2 mols. 
of o naplithol-4-8ulphonio acid. Bluish-violet 
aijueous solution gives a violet precipitate with 
hydrochloric acid. Solution in sulphurio acid 
IS blue, giving a bluish-violet precipitate on 
dilution. 

Literature. — E. P. 16484 of 1887 ; F. P. 
187366; A. P. 440639. 

Benzo Indigo Blue (By.) : 

N ^C\oHa'N3'C,oH,(SO,H)(OH)2 


The same intermediate tetrazo-compound as 
above is combined with 2 mols. of 1 : 8-di- 
hydroxynaphthalene-4-8uIphonic acid (S-aoid). 
The violet aqueous solution gives a bluish- violet 
precipitate with hydrochloric acid, and becomes 
reddish-violet with sodium hydroxide. Solution ' 
in sulphuric acid is greenish-blue, giving a violet- 
blue precipitate on dilution. 

Literature.— E. P. 13666 of 1889; D. R. P. , 
67912 ; F. P. 200520 ; A. P. 601118. 

Congo Fast Blue B (A .) ; Benzo Fast Blue B 
(By.): 




Dianisidine is tetrazotised and combined Twth 
1 mol. of a-naphthylamine and the intermediato 
product diazotised and combined with 2 mols, 
of a-naphthol-3 : 8-disulphonio acid (c-acid}« 
Blue aqueous solution gives a blue preoipitato 
with acids or alkalis. Solution in sulphutio 
acid is cornflower blue, giving a blue precipitate 
on dilution. 

Literature. — E. P. 6932 of 1890 ; B, B. F. 
67444; F. P.206616. 

Columbia Blaek FB and Ft oXtn 
Azidine Blaek IF (0. J.); ntau 
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m 


DUmol Ibwk FB. FF (Lev.) ; Panuna Black R, F 
(Soh.) ; Patent Dianil Black FF extra (M.) : . 


"•\C,aH4(SO,H)(OH)-N,*C,H,(NHa)3 
;p>A]ninoacetanilide is diazotised and combined 
with 7-amino-o-naphthol-3-Bulphonio acid (7- 
acid), the product saponified with sodium 
hydroxide, the resulting diamino-compound 
totrazotis^ and combined first with 1 mol. of 
a*naphthylamine-6- (or 7)-8ulphonic acid (Cleve’s 
acids) end then with 1 mol. of m-phenylcnedi- 
amine. The aqueous solution is violet-black, 
* and is precipitated by acids or alkalis. Solution 
in sulphuric acid is blue, giving a precipitate 
on dilution. 

Literature.— E, P. 12804 of IfiOO; D. R. P. 


131986, 131987 ; F. P. 302499 ; A. P. 679221. 

Direct Black BMP (P.) has the same or a very 
similar constitution, and dyestuffs belonging to 
the same class are Carbon Blacks (various marks) 
(K.), and Naphthamine Direct Blacks FF, B, 
FG and CS (K.). They are of the type described 
inD. R. P. 126671, viz. p-nitroanilino-o-sulphonic 
acid is diazotised and combined with Cleve’s 
acids, the product reduced, tetrazotised and 
combined with 2 mols. of a meta-diamine. 

Titan Black J (H.) : 



,p-Aminoacetanilide is diazotised and combined 
with 6-amino-a-iTaphthol-3-8ulphonic acid (J- 
aoid), the product saponified, tetrazotised, and 
combined with ,1 mol. each of a-naphthylamine- 
6-(or 7)-8ulphonic acid (Cleve’s acids) and m- 
phenylenediamine. 

Oxydiamine Black N (0.) : 



Prepared like Columbia black FB, except that 
7-amino-o-naphthol-3-sulphonic acid (7-acid) is 
used instead of Cle vo’ s acid. B lu e- black aq ueous 
solution gives a black-violet precipitate with 
hydrochloric aciil, and a red-violet one with 
sodium hydroxide. Solution in sulphuric acid 
is greenish-blue, giving a violet-black pre- 
cipitate on dilution. 

Literature.— P. 626763. 

Isodlphenyl Black R (G.) : 


^»\CioH4(S03H)(OH)NaO,H3(NH2)j 

Prepared as Columbia black FB, except that 
resorcinol is used instead of Cleve’s acid. V iolet- 
blaok aqueous solution gives a black precipitate 
with acids or alkalis. Solution in sulphuric 
acid is blockish-blue, giving a black precipitate 
on dilution. 

Lii^ature.—E. P. 20278 of 1897; F, P. 
270161 ; A. P. 616497. 

Direct Black V (K. S.) : Diazo Direct Black 
(Wiesoher &Co.); 



7-Aiaino-a*naphthol‘3 ; 6-disulphomo acid (2 R- 
add) is diazotised and combined with 1 mol. of 
fr-Bl^tl^ylamine in acid solution. * The mouo- 
is then dissolved bjr adding sodium 
sAd tetrazotised benzidine added, the 
oombiiiatioA 1>dng effected in presence of sodium 


carbonate. To this intermediate product is then 
added 1 mol. of 7-amino*a-napiithol-3-Bulphonic 
acid (7-acjd). Violet-blaok aqueous solution 
gives a blue- black precipitate with hydroohlorio 
acid, and becomes redmsh-violet with sodium 
hydroxide. Solution in sulphuric ^d is 
blue, giving a blue-black precipitate on dilution. 

Literature. — E. P. 15294 of 1896 ; D. R. P. 
109161 ; F. P. 266050 ; A. P. 601033. 

Direct Indone Blue R (K. S.) : 


”2\C,3H.1J3CioH,(SO,H)3(OH)NH, 


Prepared as the preceding, except that 8-amino* 
a-naphthol-3 : 6-di8ulphonic acid (H-acid) is 
used as the end-component. Blue-black aque* 
ous solution gives a dark- blue precipitate with 
hydrochloric acid, and becomes violet "with 
sodium hydroxide. Solution in sulphuric acid 
is blue, giving a dark- blue precipitate oft 
dilution. 

References as above. 

Diamine Bronze G (0.) : 


„/-C„,H3(S03H)3(0H)-N3-C,H,(NH,), 

“»\C,jH,'N3C,irs(COjH)-OH 


The dyestuff from tetrazotised benzidine and 
1 mol. each of sahcylic acid and 8-am!no-a- 
naphthol-3 : 0-disulphonic acid (H-acid) is diazo- 
tised and combined with 1 mol. of m-phenylene- 
diamino. The chocolate -brown aqueous solu- 
tion gives a purple-brown precipitate with hydro- 
chlono acid, and becomes yellower with sodium 
hydroxide. Solution in sulphuric aoid is bluish- 
violet, giving a black precipitate on dilution. 

Liierattire.—E. P. 6972 of 1891 ; D. R. P. 
76762 ; F. P. 201770. 

Trisulphone Browns B, G and GG (K. 8.). 
These are constituted similarly to the preceding, 
except that 7 - amino - a - naph(»hol -3:6- disul- 
phonic acid (2 R-acid) is employed instead of 
H-acid. The diamiiK's used are benzidine 
(for B), tolidine (for G), and dianisidine (for GG). 
Each brand gives a brown solution in water, 
which yields a blackish- brown precipitate with 
hydrochloric acid, and becorai^ red with sodium 
hydroxide. The solution in sulphuric acid is 
bluish-violet, giving a dark-brown precipitate 
on dilution. 

Literature. — E. P. 6746 of 1898 ; D, R. P. 
114638 ; F. P. 276733 ; A. P. 608024. 

Chlorazol Deep Brown B (H.) : 


„^C,oH,(S08H),(OH)-N3-C,H3(NH,), 
"»\.Ci,H8-N3 C,H 8 (C 03 H)* 0 H . 

Benzidine is tetrazotised and combined with 
1 mol. each of salicylic acid and 7-amino-a-naph- 
thol-3 : C-disulphonio acid (2 R-aoid), the pro- 
duct being diazotised and combined with i»- 
tolylenediamine. 

Columbia Black R (A.) : 

U ^C,oH,{SO,H).(OH)-N.-C,H 8(NH,), 


Tolidine is tetrazotised and combined with 1 mol. 
each of 7-amino-a-naphthol-3 : 6-disulphomo 
aoid (2 R-acid and m-tolylenediamine, and the 
product is diazotised and combined with «- 
tolylenediamine. Brown-black aqueous aolu; 
tion gives a black precipitate with h^drochloriG 
acid, and becomes, brown with s^um hy- 
droidde. Solution in sulphuric aoid is pure Uue, 
giving a violet-blaok precipitate on dilution. 
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Literature. — E. P. 14895 of 1893 ; D. R. P. 
102815 ; F. P. 281976. 

Columbia Black B (A.) ; Titan Black M (H.) ; 
Direct Blue Black B, 2 B (Bjr.). Prepared as the 
preceding, except that dianisidine is used instead 
of benjsicune. The violet-black aqueous solution 
gives arfiark flocculent precipitate with hydro- 
chloric acid, and becomes reddish-violet with 
sodium hydroxide. Solution in sulphuric acid 
is blue- black, giving a violet- black precipitate on 
dilution. 

Literature. — E. P. 14895 of 1893 ; D. R. P. 
111744; F. P. 231976. 

Columbia Blacks 2 BX and 2 BW (A.) belong 
to the same class. 

Benzo Black Blue G (By.) : 


Sr ^C,oHe-N,-C,„H,(,S 03 H)-OH 


Benzidinedisulphonic acid is tetrazotised and 
combined with 1 mol. of a-naphthylaminc, the 
product diazotised and combined with 2 niols. 
of a-naphthol-4-sulphonic acid. The blue-black 
aqueous solution gives a black-blue precipitate 
with hydrochloric acid, and becomes blue with 
sodium hydroxide. The solution in sulphuric 
acid^is blackish -green, giving a blackish-blue 
precipitate on dilution. 

Literature.— E. P. 16484 of 1887; I). R. P. 
44779 ; Ber. 1889, 22, 3463. 

Benzo Black Blue 5 G (By.), As the pre- 
ceding, except that 1 : 8-dihydroxynaphthalcno- 
4-sulphonic acid is used instead of a-naphthol- 
4-sulphonio acid. The blackish -blue aqueous 
solution gives a dark grconish-blue precipitate 
with hydrochloric acid. The solution in sul- 
phuric acid is black-green, giving a dark greenish- 
blue precipitate on dilution. 

Columbia Green (A.) ; Direct Green CO (L.) : 

N2*C,3H3-Na-CeH3((:OJd)-OH 

c'\„H3{S0jH)(01I)NH, 

Benzidine is tetrazotised and combined with 
1 mol. of salicylic acid, and the intermediate 
product is combined in alkaline solution with 
the product of the action of diazotised sul- 
phanilic acid on 8-amino-a-naphthol-6-sulphonic 
acid (S-acid) in acid solution. The green 
aqueoua solution gives a green precipitate with 
hydrochloric acid, and becomes greenish -black, 
with sodium hydroxide. The solution in sul- 
phuric acid is blue-violet, giving a green pre- 
cipitate on dilution. When diazotised aniline 
is used instead of diazotised sulphanilic acid 
in the above, Columbia Black Green D (A.) is 
produced. 

Literature. — D. R. P. appl. A. 3674. 

Diamine Green B (C.); Dianol Green B 
(Lev.) ; Renol Green B (T. M.) ; Direct Green 
BN (P.) ; Azidine Green 2 B (C. J.) ; DianU 
Green B (M.); Alkali Green (D ); examine 
Green B (B.) : 

Nj-CijHs-Ng-C.H.-OH 

i,„H,(SO,H),(OH)-NH, 

Prepared in a similar manner as the preceding. 


Tetrazotised benzidine is combined with I mol. 
of jphenol and the product is combined with the 
azo-colour from diazotised p-nitroaniline and 
8-amino-a-naphthol-3 : 6-disulphonic acid (H- 
acid). Dull-green aquequs solution gives a 
bluish-black precipitate with hydrochloric acid, 
and becomes yellower with sodium hydroxide. 
Solution in sulphuric acid is violet, giving a 
black precipitate on dilution. 

Literature.— E. P. 15725 of 1891 ; D. R. P. 
66351 ; F. P. 201770 ; A. P. 614599. 

Diamine Green G ((1) ; Chlorazol Green G 
(11.) ; Dianol Green G (Lev.) ; Azidine Green 
2 G (0. J.); Alkali Green D (D.) ; Dlanll 
Green BBN, G (M.) ; Benzoin Dark Green (B. K.) ; 
Erie Direct Green MT, BT (Sch.) ; Oxamine 
Green G (B.). Prepared as the preceding, except 
that salicylic acid is used instead of phenol. 

Reactions and literature as above. 

Eboli Green (various marks) (L.). Tetrazo- 
tised benzidine combined with 1 mol. of saHcylic 
acid is combined with the product of the action 
of diazotised sulphanilic acid on 8-amino-a* 
naphthol-4 ; 6-di.siilphomc acid. 

Literature. — E. P. 19263 of 1895 ; D. R. P. 
appl. F. 8626 ; A. P. 606439. 

Diphenyl Green G (G.). Prepared like 
diamine green B (above), except that o-chloro- 
' p-nitroanilino is used in.stead of p-nitroaniline. 
The reactions are also similar to those given by 
this colour. 

Literature . — A. P. 628233. 

Diphenyl Green 3 G (G.). Prepared like 
diamine green G, o-chloro-p-nitroaniline being 
used instead of p-nitroaniline. The green 
aqueous solution gives a green precipitate with 
hydrocliloric acid, and becomes duller with 
sodium hydroxide. Solution in sulphuric acid 
is reddish-violet, giving a green precipitate on 
dilution. 

Reference as the preceding. 

! Chloramine Green B (K. S.). Prepared like 
diamine green B, 2 : 5-dicliloroaniIine being used 
instead of p-nitroanilino. The green aqueous 
solution gives a violet-black precipitate with 
hydrochloric acid, and becomes black-green 
with sodium hydroxide. Solution in sulphuric 
acid is violet, giving a violot-black precipitate 
on dilution. 

Literature . — E. P. 8503 of 1899 ; D. R. P. 
112820 ; F. P. 287971 ; A. P. 627679. 

Cbloramine Black N (K. S.). Tetrazotised 
benzidine is combined with 1 mol. of m-phenylene- 
diamine and the product combined with the , 
azo-colour from diazotised 2 : 6-dichloroaniline 
and H-acid. The dark bluish -green aqueous 
solution gives a blue precipitate with hydro- 
chloric acid, and a blum -green precipitate with 
sodium hydroxide. Solution in sulphuric acid 
is blue, giving a blue precipitate on dilution. 
Clilor8ml&eBlueHW(E. S.); 

N,'C, 3 H 3 -N 3 -CioH 4 (S 03 H)(OH)-NH» 

i,oHt(SO,H),(OH)NH, 

]l,C,H,Cl. . - 

Tetrazotised benzidine is combined with 1 mol. 
of y-acid ii» alkaline solution and then, also in 
alkaline solution, with the product of the action 
of diazotised 2 : 5-dichloroamline on H-add 
(1 mol.) in acid solution. 
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Ohiorambit Blue 8 C (K. 8.) : 

N,-C„H.-N,-C„H,(SO,H),(OH)'NH, . 

(!i,oH,(SO.H),(OH)NH, 

I • 

Tetrazotised benzidine is combined with 1 mol. 
of 8-amino-a-naphthol-3 : b-disulphonic acid (H- 
acid) and then with 1 mol. of H-acid to which 
has been added 1 mol. of diazotised dichloro- 
aniline in acid solution. 

References for the last two colours as for 
chloramine green B. 

Erie Direct Black GX (Sch ) ; Renol Black G 
(T. M.); Patent Dianil Black EB (M.); Union 
Black (By.); Direct Deep Black EW (By.); 
Cotton Black RW (B.) : 

j.^C,oH,(S 03 H),{OH)(NH,)-N,*C„H 5 

Tetrazotised benzidine is combined with 1 mol- 
of H-acid in acid solution, ader making alkaline 
1 mol. of diazotised aniline is added, and then 
1 mol. of m-phenylenediamine. When m- 
tolylenodiamine is used in the last combination 
the colour is known as Erie Direct Black RX 
(Sch.) ; Renol Black R (T. M.) ; Patent Dlanll 
Black EBV (M.) ; Direct Deep Black RW (By.) ; 
Cotton Black E (B.). The aqpeous solutions of 
both dyes become violet with hydrochloric acid 
and blue with sodium hydroxide and the sul- 
phuric acid solutions arc violet blue. With 
phenol as end component Erie Direct Green ET 
(Sch.) is obtained. The green aqueous solution 
becomes blue with hydrochloric acid and greenish 
black with sodium nydroxide. The solution in 
sulphuric acid is bluish-green, becoming blue 
on dilution. 

Literature. — E. P. 12305 of 1902 ; D. R. P. 
163667 and appl. A. 8974 ; F. P. 321626 ; A. P. 
088478, 717660. 

Diamine Black HW (C.) ; Ingrain Black G 
(H.) ; Naphthamlne Black H (K.) : 

N 2 -C,aH«-N 2 -CioH 4 (S 03 H)(OH)-NH, 

<!!,„H,(S0,H),(0H)NH, 

Prepared like diamine green B (above), except 
that 7-amino-o-naphthol-3-sulphonic acid ( 7 - 
acid) is used instead of phenol. Blackish-blue 
aqueous solution gives a blue precipitate with 
hydrochloric acid. Solution in sulphuric acid is 
blue, giving a blue precipitate on mlution. 

lAkrature. — ^E. r. 16726 of 1891 ; D. R. P. 
66861, 70393 ; F. P. 201770 ; A. P. 614699. 

Dlanll Black R (M.) : 

N2-Ci,H8*N3'C,H3(NHa)2 

<i.»H,(SO,H),{OH), 

i!i,-c,.h.-so.h 

Tetrazotised benzidine is combined with 1 mol. 
of m-phenylenediamirve and then with 1 mol. of 
1:8- dihydroxynaphthalene-3 : 6 - disulphonio 
acid (ohromotrope acid), to which has been added 
1 mol. of diazotised naphthionic ^aoid. The 
reddish-violet aqueous solution gives a precipi- 
tate Ifirith hydrochloric acid, and becomes blue 
with sodium hydroxide. Solution in siilphurio 


acid is dark blue, giving a reddi^-violet pre- 
cipitate on dilution. # 

Literature. — D. R. P. 89285. 

Congo firown G (A.) (Lev.) ; Naphthamlne 
Brown 4 G (K.) : Benzoin Brown C (B. K.) ; 
Direct Brown GR (Sch.) : 

Na-Ci 3 H 8 -N 3 -C„Ha(CO,H)-OH. ' 

N,-C.H.’SO,H 

The dyestuff from tetrazotised benzidine, 
salicylic acid and resorcinol is treated with 
diazotised sulphanilic acid or the intermediate 
product from tetrazotised benzidine and 1 mol. 
of salicylic acid is combined with 1 mol. of 
resorcinol to which 1 mol. of diazotised sulphan- 
ilic acid has been added. The red aqueous 
solution gives a brown precipitate with hydri^- 
I chloric acid. Solution in sulphuric acid is 
reddish-violet, giving a reddish-brown pre- 
cipitate on dilution. 

Literature. — E. P. 10663 of 1888 ; I). R. P. 
46328, 46601 ; F. P. 192331 ; A. P. 399581. 

Congo Brown R (A.) (Lev.) : 

Na-Cl,JI,'Na-CeH 3 (COaH)-OH 

I 

CeH 3 (OH )3 

I 

Na-CjoHa-SOaH 

Prepared as the preceding, except that a-naph- 
thyiamine-5-sulphonic acid (Laurent’s acid) is 
used instead of sulphanilic acid. Reactions and 
references as the preceding, 

Benzamlne Brown 3 GO (D.) is prepared as 
Congo brown G, except that w-phenylenediamine 
is used instead of resorcinol. The reddish- 
yellow aqueous solution gives a brown precipi- 
tate with hydrochloric acid* and becomes 
brownish-yellow with sodium hydroxide. 
Solution m sulphuric acid is brownish -violet, 
giving a brown precipitate on dilution. 

Azo Corinth (0.) : 

N3-CHHi3-N3-CeH3(g03H)(0H)OT, 

li.HaCOH), 

Nj-C.oH.-SOsH 

Tetrazotised tolidine is combined with 1 mol. 
of 3-arainophenol-6-8ulphonic acid (acid III.) 
and 1 mol. of resorcinol, and the colouring matter 
so obtained is treated with 1 mol. of diazotised 
naphthionic acid. Reddish-brown aqueous solu- 
tion gives a reddish-brown precipitate with 
hydrocliloric acid, and is turned bluish-red with 
sodium hydroxide. Solution in sulphuric acid 
is bluish-violet, giving a reddish-brown precipi- 
tate on dilution. 

Literature,— E. P. 13402 of 1893 ; D. R. P. 
71182; A. P.516381. 

V. TBTBA.KISAZO- COLOURING MATTERS. 

These contain four azo-groups. 

Benzo Brown G (By.) (Marden, Orth and 
Hastings Corporation) : 



Prepared by the action of diazotised sulphanilic 
acid (2 mbls.) on Bismarck brown (1 mol,). 
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Keddiah'brown aqueous solution gives a brown 
precipitate with ftoids and alkalis. Solution in 
sulphuric acid is violet-brown, giving a brown 
precipitate on dilution. * 

Uterature.—E. P. 16493 of 1887 ; D. R. P. 
46804 fi A. P. 384316. 

Benze Brown B (By.); 

-N,-C,H,(NH3),*N2-CioH,-S08H 
^N8-08H8(NH8)8N8*C,oH,S03H 
Prepared as the preceding, except that naph- 
thionic acid is used instead of sulphanilic acid. 

Reactions and references as above. 

Direct Brown J (I.). Prepared as benzo 
brown G, except that aminobenzoic acid is used 
instead of sulphanilic acid. The yellowish 
brown aqueous solution gives a dark brown 
precipitate with hydrochloric acid. Solution 
m sulphuric acid is brown, giving a brown pre- 
cipitate on dilution. 

Literalure.—D. R. P. 70127 ; F. P. 219926 ; 
A. P. 491422. 

Toluylene Brown R (0.); Azidine Brown 
T 2 R (C. J.) ; Direct Brown R (Sch.) : 

HSO -C H -^N, C«H3(NH,)3 N8*CioHe S03H 

Prepared by treating the colour from tetrazo- 
tised 2 : 6-tolylenediamine-4-8ulphonic acid and 
2 mols. of ?a-phonylenediamine with 2 mols. of 
diazotised naphthionic acid. Brown aqueous 
solution gives a brown precipitate with hydro- 
chloric acid. Solution in sulphuric acid is dull 
reddish-violet. 

Literature. — E. P. 11000 of 1889; D. R. P. 
68667 ; F. P. 199068 ; A. P. 406116. 

Hessian Brown BBN (L.) : 

p jr ^N8-CeH8(0H)8-N8-C8H4*S03H 

Prepared by thq action of tetrazotised benzidine 
on 2 mols. of the monoazo-dyestuff from diazo- 
tised sulphanilic acid and resorcinol. Aqueous 
solution is brown, giving a brown precipitate 
with hydrochloric acid, and becoming red with 
sodium hydroxide. Solution in sulphuric acid 
is violet- black, giving a brown precipitate on 
dilution. 

Dlanil Black PR (M.) : 

T, /CioH*(S03H)(OH)*Na CeH3(NH2)3 
BB 03 ’Ci 2 H 7 \ 

\CioH^(SO,H)(OH)-Na-C3H3(NHj)a 

Benzidinesulphonic acid is tetrazotised and com- 
bined with 2 mols. of 7-amino-a-naphthol-3- 
Bulphonic acid (7-acid) in alkaline solution, and 
the product is tetrazotised and combined with 
2 mols. of w-phenylenediamine. Black aqueous 
solution is precipitated with hydrochloric acid 
or jsodium hydroxide. Solution in sulphuric 
acid is dark-blue, giving a black precipitate on 
dilution. 

Literature.— E. P. 13743 of 1896; F. P. 
257246 ; A. P. 678680. 

Anttoeene Acid Brown B (0.) : 

NO.-C,Ha(CO,H)(OH)N3C,oHe-N,\ 
K 0 ji*CjH,(C 03 H)( 0 H) N3 Cj3H3 N3/ ‘ * * 

Nit^ooaminosalioyolic acid is diazotised and com* 

‘ bb^ with a-naphthylamine. Two mols. of this 
are di^ris^rtiaed and combined with 1 mol. of m- 
phenyleimdiainine. Brown aqueous solution 
gives a vitflet precipitate with hydrochloric acid. 
Solution in sulphuric acid is greyish-violet, 
giving a brown- violet precipitate on dilution. 


Literature.— E, P. 2446 0! 1896; D, R. P. 
92665; F. P. 263834. J. 0. C. 

*AZO. ACID YELLOW, -ALIZARIII 
YELLOW, -BLACK BASE 0, BORDEAUX, 
•CHROMINE, -COCCIKIB, -COCHINEAL, 
-CORALLINE, -EOSINE, -FLAVINE, -FUCH* 
SINES, -VIOLET (v. Azo- ooloubinq biattebs. 
AZODERMIN. Acetylamidoazotoluene. 
AZOERYTHRIN v. Abchil. 

AZOFLAVIN V. Azo- colouring matters. 
AZOGEN RED v. Azo colouring matters. 
AZOGRENADINES v. Azo- colouring 
matters. 

AZOIMIDE [Hydraroic acid) N3H was first 
isolated in 1890 by Curtins (Ber. 1890, ?3, 3023), 
although in the form of its phenyl derivative 
(diazobonzeneimide) O3H5N3 it was known in 
1866, having been then prepared by P. Griess 
(Annalen, 1866, 137, 66, 77). 

Curtins obtained azoimide by the action of 
sodium nitrite and acetic acid on benzoyl 
hydrazine, the nitroso- derivative first formed 
passing into benzoyl azoimide by loss of water 
CeH^CONHNHj+HONO^ 
H30+C3H3CO-N(NO)-NH3^H30 + CeH3CON8 
The benzoyl azide so obtained was dissolved 
in an equal weight of absolute alcohol and 
digested on the water-bath with 1 mol. pro- 
portion of sodiujn» also dissolved in absolute 
alcohol, when sodium azide was formed, and this 
was precipitated from the solution by the addition 
of ether : 

C3H3CON3+2NaOH 

^HjO-fCeHjCOONa+NaN, 
The following methods have also been em- 
ployed for the preparation of azoimide and its 
salts. 

1. Hipputyl hydrazine by the action of 
nitrous acid is converted into hippurazide, from 
which by the action of ammonia, ammonium 
azide is produced (Curtius, Ber. 1891, 24, 3341); 
CoHjCONHCHj-CONHNHa 

HONC) 

[C.H^CONHCH^-CO-NH-Nj-OH 

CBHsCONHCHjtjON.-fH.O 

C,H,CONHCH,-CONH,+NH,-N,™*°^ 

2. o.p-Diazobenzeneimide (prepared from 

r/.p-Dinitro-aniline), on treatment with alcoholic 
potash, yields potassium azide (Nolting and 
Grandmougin, Ber. 1892, 26, 3328) : • 

o.p. C3H3(N03)3-NH3-HN08 
HONO 

C.H,(N0,)3-N3-N03 

X C,H,(N 03 ),NBr*NBr, 

i NHa 

0,H,(M,),-N, 

KOH 

CeH,(N0a)3 0K+H30+N8K <- 

3. The decomposition of diazotised auiklo* 
guanidine nitrate by caustic alkalis fThiele. 
Annalen, 1892, 270, 1): 

HN : C(NH„)'NHNH,HNO, 

HONO ^ ^ . 

-> HNiC(NH,) NH H, lrO, 
CN'NH,+HSro,-j‘N.B 
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4. Ihe action of nitrous oxide on sodamidc 
(W. WislicenuB, Ber. 1892, 26, 2084) j • 

NaNH,4-N,0=NaN,+N,0 

5. The action oi an aqueous solution of 
hydrazine on a benzene solution of nitrogen 
chloride (Tanatar, Ber. 1899, 32, 1399) ; 

N,H4+NC1,=N,H+3HC1 

6. The oxidation of a mixture of hydrazine 
sulphate and hydroxylamine hydrochloride by 
chromic acid mixture {Brown, Ber. 1905, 38, 
1826). 

7. The decomposition of hydrazine sulphate 
by potassium nitrite {Dennstedt, Chem. Zeit. 
1897, 21, 876) : 

^ [NH2-Na OH]-> EjO+Nall 

8. The decomposition of hydrazine sulphate 
by a saturated aqueous solution of silver nitrite, 
crystalline silver azide being precipitated 
(Angeli, Ber. 1893, 26, 886, E^f.). 

9. In nearly quantitative yield, the sodium 
salt may bo prepared by mixing hydrazine- 
hydrate with sodium methoxidc, and adding an 
ether solution of ethyl nitrite to the mixture. 
If the free acid be required it is sufticient to 
shake hydrazine sulphate for several hours with 
sodium hydroxide solution and ethyl nitrite, 
about 80-84 p.c. of the hydrazine compound 
undergoing decomposition (Thiele, Ber, 1908, 41, 
2081). 

The free acid may bo obtained by distilling 
the salts with dilute sulphuric acid. In the 
anhydrous condition it is a colourless mobile 
liquid of very ' unpleasant odour. It boils at 
37® C.,and is readily soluble in water. Azoimide 
is a most dangerous substance to handle on 
account of the fact that it decomposes with I 
explosive violence on agitation. It somewhat | 


baryta water, boiled to expjl nitrous oxide, 
aoioified by acetic acid and tne excess azoimide 
estimated by titration with iodine and sodium 
thiosulphate. 

Hydrazine azide N5H5 ; is obtained by the 
action of lead azide on hydrazine sulphs^te. It 
crystallises in prisms and is very volatile. When 
rapidly heated it explodes with great violence. 

Iodine azide N3I is obtained as an unstable 
nearly colourless solid when silver azide is 
suspended in water and shaken with a solution of 
iodine in ether at 0° 0. (Hantzsch, Bor. 1900, 33, 
622). It decomposes readily, alkaline hydroxides 
converting it into the corresponding alkali 
azide Nsr+^KHO-NaK+HjO-fKlO. The 
aqueous solution of the azicle gradually decom- 
poses on keeping HIO. • 

Chhiine azide Ngd was prepared in 1908 by 
Ra.schig (Ber. 1908, 41, 4194), on adding sodiuqi 
hypochlorite to sodium azide and acidifying the 
mixture. It is a colourless gas. 

Phenyl azide (Diazobenzenc imide) CjHjNj 
was finst prepare-d by f4rie8s (Annalen, 1866, 
137, 66, 77) by decomposing diazobenzene per- 
bromide with ammonia. It is a pale yellow oil 
boiling at 66 *6^-66 -6“ 0., and is volatile in steam. 
On heating with hydrochloric acid it yields 
0- and p-chloroaniline and nitrogen. Reduction 
in acid solution converts it into aniline and 
ammonia. 

Benzyl azide (kHyNj is obtained as an 
aromatic smelling oil, by the action of warm 
acid on nitrosobenzylhydrazine, or by decom- 
posing silver azide with benzyl iodide. It boils 
at 74° (',. (11 mm.). 

Azides of the above type may be obtained 
generally by the following methods : — 

1. The decomposition of diazobenzene per- 
bromides with a([uoous ammoni^i: 


resembles the halogen acids in that it forms 
difficultly soluble lead, silver and mercurous 
salts. It is very poisonous, its vapour attacks 
the mucous membrane rapidly, whilst the 
aqueous solution of the acid attacks the skin. 
The metallic salts of the acid all crystallise in 
the anhydrous state, and when heated, decom- 
pose, generally with explosive violence, leaving 
a residue of the pure metal. 

Azoimide is a ‘ weak ' acid, comparable in 
strength with acetic acid (West, Trans. 1900, 
77, 706). The heat of formation of the acid 
has been measured by Berthelot and Matignon 
(Compt. rend., 1891, 113, 672), with the follow- 
•ing result : 

3N+H4aq-N,Haq-61.600 cal. 

A 7 p.o. solution of the acid dissolves magnesium 
and zinc, with evolution of hydrogen. From 
solutions of ferric, aluminium, chromic and 
thallium salts the corresponding hydroxides are 
quantitatively precipitated on boiling with 
azoimide. On reduction with sodium amalgam, 
or by zinc and acid, azoimide is converted into 
ammonia and hydrazine ; if, however, sodium 
sulphide or ferrous hydroxide be used as reducing 
agents, little hydrazii^p is formed. 

The reaction N8H-fHNOa=Na+NjO-f 
is quantitative, and can be used for the estima- 
tion of simple nitrites. In this methad a known 
excess of sodium azide is added to the acid 
solution of the nitrite, and the mixture well j 
shaken. The solution is made just alkaline by 
VoL. I.-T. 


CeH5NBrNBr2+4NH3= C JTgNa+SNH^Br 

2. The decomposition of diazoniura sulphates 
with hydroxylamine : 

CeTT6NyHS04 4-Nn20H=n2R04+Ha0fC,H5N, 

3. The action of nitrous sacid on phenyl- 
hydrazine hydrochloride : 

CeHgNHNHg -> CeHjN(NO)-NH2 

HgO+CeHgNg 

4. The decomposition of /3-phenylsemi- 
carbazides with sodium hypochlorite : 

CeHgNH NH CONHa C.HjN : N CONH* 
CgHjNlNNHg C3H5N. 
6. The action of chloroamine on diazonium 
salts (M. 0. Forster) : 

C8H2 N CI+NH2CUHCHC8H3N : N NHCl 
I HC1+C.H,N, 

6. Aryl diazonium derivatives of trinitro- 
methane readily decompose in the presence of 
moist ether to arylazoformhydroxamic acids, and 
I the latter on heating with aqueous alkali 
hydroxides are converted into the corresponding 
azide (Ponzio, Gazz. 1915, 46, ii. 12 ; 1916, 46, 
ii. 56) : 

ArNgO ONr^NOj), ArN : N Cf-NHOH 

ArNg+COj+H* 
The aryl azides are decomposed on heating 
2 K 
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with hydrochloric acid, nitrogen being evolved 
and the corresponding chloro-anilines formed 
Similarly with sulphuric acid they yield amino- 
phcnols. Hot alcoholic potash converts the 
o- and 7 )-nitro derivatives into azoimide and the 
nitrophenols. On condensation with the 
Grignard reagent and subsequent decomposition 
diazoaminos (triazens) are formed (Dimroth) : 

CflHoNad ('HgMgl OflHj'N : N-N OH3 

]\igi 

«-» CeHgNrNNJlCHa 
Phenyl motliyl t.iinzen 
Condensation witli ^-ketonic esters converts 
them into triazoles (Ber. 1902, 35, 4041) : 
CeH^Ng-fCHgCOOR 


I 

COCH 3 


= H 3 O + 


/N 




CCOOIl 


\N{(yi,)-d;-OH3 
whilst with benzaldehyclo arylhydrazonos they 
similarly yield tclrazolcs (Bor! 1907, 40, 2402) : 
CoHcNa+CeH^NH-N : CilC.B, 

‘ =C.H.NH, I O.H.N/ I' 

Mdh/l azide is prepared by the action 

of dimethyl sulphate on sodium azide (Dimroth 
and W. Wishccnus, Ber. 1905, 38, 1573). Mag- 
nesium methyl iodide converts it into dimethyl- 
triazen CHaN : N’NHCHg (Dimroth, Ber. 1900, 
39, 3905). 

The acyl derivatives of azoimide may be pre- 
pared by the decomposition of acyl hydrazines 
with nitrous acid (sodium nitrite and acetic acid) : 
CeHjCO-NH-NHg-f HONO = C 3 Hj,CO Ngd 2H2O 

Tetramethylmmnovium azide NMe 4 N 3 is 
prepared by the gradual addition of a solution of 
tetramcthylammonium iodide to an aqueous 
suspension of a slight excess of silver azide. 
Tetragonal crystals (u : c---l : 0-7245). Fairly 
stable substance ; does not explode when struck 
with a hammer, or ground in a mortar, or when 
dropped on a hot plate. Dry salt begins to 
decompose at about 125^ (Friedlander, J. Araer. 
Chera. Soc. 1918, 40, 1946). 

Benzoyl azoimide CaHsCONa (Curtius, Ber. 
1890, 23, 3024 el seq.) crystallises in colourless 
tables «end molts at 32° C. It explodes on 
heating. 

This type of azide shows characteristic 
decompositions, two-thirds of the nitrogen being 
eliminated, and the residual nitrogen linking 
up the aromatic nucleus with a carbonyl group. 
Thus when gently warmed in alcoholic smution 
a urethane is produced, on boiling with water a 
di-substituted urea is obtained, and on heating 
the solution of the azide in benzene it is trans- 
formed into an isocyanate : 
C.HjGON.-fCaH.OH^Nj+CgHeNHCOOCaHj 
2CeH3C0N,+2H,0-2N3+2CeH3NHC00H 
= 2 N 8 -fHa 0 -fC 03 -fC 0 (NHC 3 H 3 )a 
CaHjCONj-Na+CeH^NCO 

On the decomposition of the azides of the 
nfOlU} dialkyl malonic acids, and of the 
acids, see Festschrift Th. Curtius, 
p. lixxii. " 

controversy has arisen over the stnic- 
of azoimide, the earlier given cyclic struc- 


tore having been objected to by Thiele (Ber. 
19U, 44, 2622) who considers that a straight 
chain formation best represents the reactions of 
the acid ; 

11 ;NII or HN : N : N 

AZOIMIDES, AROMATIC v. Diazo com* 

POUNDS, 

AZOLITMIN. A substance assumed by 
Kane to exist in litmus (Aunalen, 39, 25). 
AZOMETHANE v. 1)tazo tompounds. 
AZOORSEILLIN v. Azo- toLOUEma 

MATTEUS 

AZOPHENYLENE p. Azines. 

AZOPHOR BLACK, -BLUE, -RED, -ROSE v. 

Azo- OOLOURTNO MATTERS. 

AZOPHOSPHINES v. Azo- colourino 

MATTERS 

AZO-REDS, AZORUBINES p. Azo- COLOUR" 

INO MATTERS, ' 

AZOTE. A name given to nitrogen by 
Lavoisier, and hence commonly used in French 
literature to designate (hat element. 

AZOTINE. An explosive made in Austria- 
Hungary (,J. Soc. r!hem. Tnd. 4, 300). 

AZOTOL ?>. Azo- ('OLoiTRfNQ matters. 
AZOTOMETER. A term ap])lied by W. Knop 
to an apparatus designed to measure the nitrogen 
evolved by the action of sodium hypochlorite or 
hypohromite on ammonium salts and certain 
organic substances. 

AZO- TURKEY RED v. Azo- colourino 
matters. 

AZOVERMIN. Trade name for acetyl- 
amino azotoluono. 

AZOXINE COLOURING MATTERS v. 

OXAZINE COLOURINO MATTERS. 

AZOXYBENZENE C,^H,(,N20. A product 
of the partial reduction of nitrobenzene with 
alcoholic potash (Zinin, J. pr. Chem. 30, 93 ; 
Schmidt and Schultz, Annalen, 207, 326 ; Ber. 
12,484); or with sodium amalgam containing 
3-8 p.c. of sodium (Alexejeff, J. 1864, 626; 
Moltschanowsky, Ber. 16, 1675). 

Preparation . — Azoxybenzenc is best prepared 
by dissolving 1 part of sodium in 26 parts of 
methyl alcohol, adding 3 parts of nitrooenzene 
and heating for 6 or 6 hours on a water- bath in 
a flask provided with a reversed condenser. The 
methyl alcohol is then distilled off and the residue 
treated with water, which dissolves the sodium 
formate formed in the reaction, and leaves the« 
azoxy benzene as a yellow oil; this soon solidi- 
fies, and is obtained pure by one crystallisation 
from alcohol (Klinger, Ber. 16, 866; Molt- 
schanowsky, Ic, and Ber. 16, 81: Klinger, 
Ber. 16, 941, footnote). 

Azoxybenzene is also prepared by the 
reduction of nitrobenzene with arsenious oxide 
and caustic soda (Loesner, Eng. Pat. 1666, 
J. Boc. Chem, Ind. 1896, 31) ; by the reduction 
of nitrobenzene With alkali sulphides in o lk a-li 
hydroxide, the products being mainly azoxy- 
benzene and azo benzene,, in proportions varying 
with the amount of sulphide and the time w 
reduction (Farb. vorm. Meister, Lucius, and 
Bruning, !&. R. P. 216246, J. Soc. Chem. Ind. 
1909, 1310); by boiling nitrobenzene with 
60 p.c. aqueous sodium hydroxide and iron 
pyrites, or other heavy sulphides, 90 p.o. af the 
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product being azozybenzene (Farbei^b. vorm. 
fVied. Bayer & (Jo., D. K. P. 204653, (!^eni. Soc. 
Abst. 1909, i. 272) ; by beating nitrobenzene 
with charcoal and alkali (Farbenfab. vorm. 
Fried. Bayer & Go., D. R. P. 210806; Chem. 
Zentr. 1909, ii. 163) ; and by the electrolytic 
reduction of nitrobenzene in the presence of 
alkali (Farb. vorm. Meistcr, Lucius, and Bruning, 
D. R. P. 127727 ; Chem. Zentr. 1902, i. 446, 
and Farb. vorm. Weiler-ter-Meer, D. R. P. 
138406 ; Chem. Zentr. 1903, i. 372). 

Azoxybenzene or its homologues can be 
obtained by heating nitrobenzene or the corre- 
sponding nitro- compound with an equal weight 
of zinc- dust and of an aqueous solution of cal- 
cium chloride boiling at 130° ; aqueous solutions 
ot other salts may be employed, and the reacUoii 
ensues at the boiling-point of the aqueous solu 
tion (e. Decliend, 1). R. T. 43230). 

Properties, — Azoxybenzene <Ty 8 tallisos in 
pale yellow rhombie needles, melts at 36°, and 
is soluble in alcohol or eth^r, insoluble in water. 
When heated with non- volatile substances, such 
as iron filings, it decomposes into aniline and 
azobenzene. Weak reducing agents, such as 
sodium amalgam in alcoholic solution, convert it 
into hydrazobenziuic {AlexejolT. J. 1867, 603) : 
but more jiowerful agents, such a.szinc chloride 
in acid solution, reduce' it chiefly to aniline, a 
small quantity of hydrazdbonzeno and bases 
derived from it by molecular changes being 
also formed (Schmidt and Schultz), Azoxy- 
benzene yields two isomeric nitroazoxybcnzcnos 
when heated with concentrated nitric acid 
(Linin, Annalcn, 114, 217), and when heated with 
concentrated sulpluiric acid to a moderate 
temperature is convort-ed into the i.sonKU'ic 
liydroxyazobenzene (Wnllach and Kicpenheucr, 
Ber. 14, 2617). 

In addition to azoxyhenzeno other azoxy- 
compounds havi* been prefiarcd by reducing the 
corresponding nitro- derivatives cither with 
sodium amalgam in methyl alcohol solution or 
with zinc-dust and soda (c/. Limpricht, Bcr. 18, 
1405 ; Klinger and Pitsclikc, Ber, 18, 2653 ; 
Janovsky and Reimann, Ber. 22, 41 ; v. Beekend, 
r.c.). The azoxy- compounds derived from 
metanitranilinc, the iiitrotoluidinos melting at 
78° and 107°, and the nitroxylidine melting at 
123° yield, when diazotlsed and oombincd with 
phenols, amines or their sulphonic acids, a class 
of yellow, orange or red azo- dyes, which can bo 
employed for cotton and wool (Foirrier and 
Rosenstiehl, D. R. P. 44045, 44554). 

AZOXY- COLOURING MATTERS. The dyes 
formerly classified under this heading, of which 
‘ sun yellow ’ is perhaps the best known, have 
been shown to be azo- dyes {q.v.). 
p-AZOXY-o-TOLUIDINE 



BABBIT'S METAL. An alloy of 26 parts 
2 parts antimony, and 0*5 part»copper, used 
as an^anti-attrition metal (e. Antimony). 

BABLAH or NEB-NEB. (Commercial names 
jkmiroits (rf sevaral speoies of aoaoia ; used in the 


; NEB.NEB. 

is obtained by the alkaline reduction of p-niwo- 
o-toluidine {q.v.) by zinc dust or dextrose; 
m.p. 168.°. Used in the manufacture of azo- 
dyes. , 

AZO' YELLOWS v. Azo- oolourino mattbrs. 

AZULENE S’ hydrocarbon,' an 

intensely blue, slightly viscid liquid, *^2^0*9738, 
b.p. 296°-300° ( 186°-196°/26 mm,), found in the 
oils of cubebs, amyris, guaiacura wood, gurjun 
and eucalyptus, and to which their blue colour 
is due. When exposed to light and air is con- 
verted into a brown resin. Is soluble in sul- 
phuric acid, giving a fluorescent solution, and 
forming a sulphonic acid, yielding a crystalline 
sodium salt, soluble in water, and giving a violet- 
coloured solution which becomes green when 
acidified. Is possibly identical with Viesse’s 
Azulin {q.v.). it forms a picrate, m.p. 120°, 
lustrous black needles, by which the hy(ko- 
carbon may be idcntifiecl. It appears that 
azulcne is tricyclic and contains an aromatic 
nucleus, four ethylcnic linkings, but no hydro 
aromatic conjugate double linkings, as it 
suffers no reduction when treated with sodium 
m alcohol (Sherndal, J. Amor. Chem. Soc. 
1915, 37. H‘>7 and 1537). 

AZULIN. Blue colouring matter, contained 
in certain essential oils ; e.g. chamomile, mille- 
folium, and wormwood. 

AZULIN V. Tuiphknyi.methane coloubino 

MATTERS. 

AZURE V. Pigment. 

AZURIN C 3 Obtained by heating 

salicylic aldehyde with o-tolylenediamine. 
Colourless tables, giving blue fluoi*escent solu- 
tions (Ladenbiirg, Ber. 11, 596). 

AZURITE or Chessylite, Hydrated basic 
copper carbonate, 2 Cu(B 3 Cu((jH) 2 , forming 
monoclinic crystals of an gzure-blue colour. 
Finely crystallised specimens have been found 
in abundance in an old copper mine at Chessy, • 
near Lyon in the south of France, and on this 
account the mineral is often known as chessylite 
(Brooke and Miller, 1852); the name azurito 
(F. S. Beudant, 1824) refers to the characteristic 
colour. Sp.gr. 3*8 ; hardness 3^-4. It occurs 
as an alteration product of copper-pyrites and 
other sulphide ores of copper in the upper 
oxidised zones of mineral veins ; and it is itself 
often altered to malachite, the green carbonate 
((hiCOa'CufOHlj). Fine crystals are also found 
at Broken Hill in New South Wales, Tsumeb in 
South-West Africa, and at Bisbee in Arizona ; 
at the last-named place it occurs, together with 
malachite, in sufticient abundance to be mined 
as an ore of copper. It was also formerly mined 
at Burra-Burra, in South Australia." From 
Arizona come pretty specimens, with azurite and 
malachite banded together, which are polished 
for use in cheap jewellery. Powdered azurite 
was formerly used as a pigment under the name 
‘ mountain blue,’ but this is now replaced by an 
artificial product. L. J. S. 


East, in combination with alumin^ and iron 
mordants, to produce various shades of drab and 
fawn colour in calico-printing. East Indian 
bablah is largely obtained from Acacia arahica 
(Willd.) (A. indiea (Benth.)) ; Senegal and 
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Egyptian BabUh largely from Acada arahica 
{A. nihtica (Delu.)). The aqueous extracts 
contain a red colouring matter together with 
considerable quantities of gallic and tannic acids. 

BABUL BARK. The bark from Acacia 
ora6tca'‘(Willd.) which occurs in India, Arabia, 
and tropi<?al Africa : its Indian vernacular name 
is ‘ babul.’ Used in India as a tanning material. 

BABUL GUM. An inferior kind of gum 
arabic from Acacia arahica ( Willd.). Known also 
as ‘ Bengal gum ’ or ‘ Gond babul.’ 

BACTERIA, CHEMICAL ACTION OF, n. 
Fermentation. 

BADDELEYITE. Native zirconium oxide, 
ZrOj, crystallising in the monodinic system. 
A few isolated crystals have been found in the 
gem-»avels of Oylon, and a more abundant 
supply of small crystals was met with at about 
the same time in the iron mine of Jacupiranga, 
in Sao Paulo, Brazil. The latter, at nrst de- 
scribed under the name brazilitc, occur as an 
accessory constituent of a magnetite-pyroxene 
rock called jacupirangite, which is associated 
with the deposits of magnetite. The crystols 
from Ceylon are black and opaque, with sub- 
metallic lu.slrc, but small splinters are trans- 
parent and yellowish in colour ; sp.gr, 6'72- 
(:’026; ZrOj 98-9 p.c. The smaller crystals 
from Brazil range from colourless to brown ; 
sp.gr. C*5; they contain ZrOj 9(i-52 p.c., with 
small amounts of silica, alumina, ferric oxide, 
lime, &c. The mineral has also been identified 
in a rock resembling jacupirangite in the iron 
mines of the island of AInd, Sweden. More 
recently, minute crystals have been detected 
in a sanidine bomb rich in zircon from Monte 
Somma, Vesuvius, and in a corundum-syenite 
from Bozeman, Montana. 

A massive form of zirconia occurs much more 
abundantly in the iSerra de Caldas region of 
Minas Geraes, Brazil, a region characterised 
by the occurrence of nopheline-syenite rocks. 
Pebbles of compact material are here found in 
the diamond washings, and are known to the 
diamond miners as ‘ favas ’ (meaning ‘ bean ; ’ 
other ‘ favas ’ consist of titanium dioxide). 
These are pale-brown, slate-grey or blackish in 
colour, fine-grained, and hard, Sp.gr. 4-G-5'4 ; 
they contain ZrOj 73-93 p.c., the principal 
impurity being silica, with some iron, alumina, 
and titanium. In the same region there ifas also 
been found, as a crust on weathered augite- 
syenite, mamillated or reniform masses with a 
radially-fibrous structure and concentric band- 
ing. It contains ZrOj 97 p.c., and has sp.gr. 
6’538. This variety appears to occur in con- 
siderable quantity, and in lumps weighing several 
kilograms. E. Hussak, in 1899, referred the 
massive form occurring as ‘ favas ’ to badde- 
leyite, but he was inclined in 1903 to regard the 
fibrous variety as a distinct modification of 
zircoiua. The latter has recently been sold in 
America under the trade name zirhte, and it is 
stated to consist of a mechanical mixture of 
baddeleyite, zircon, and a new zirconium silicate. 
The mineral possesses a high degree of infiisibility, 
high resistance to basic and acid slags, low 
thermal conductivity, and a very low coefficient 
of eimanslbji. It is thus eminently suitable as 
a refractory material for the construction of 
cruoibles, muffles, fire-bricks, and furnace 
linings. It is also employed as an opacifior 


and as an abrasive. (W. T. Sohaller, Mineral 
Resemrees, U.8. Geolf Survey for 1916, 1917, ii. 
377; A. Granger, Chem. News, 1919, 118, 116.) 

L. J. S. 

BADISCHE ACID. 2-n8fphthylamine-8- sul- 
phonic acid. V. Naphthaj^enb. 

BAEL FRUIT. The dried half-ripe fruit of 
Mglc Marmelos (Correa), from Malabar and 
Coromandel ; is used in diarrhoea and dysentery, 
and the fresh pulp is sometimes employed as a 
laxative, 

BAEUMLERITE. A potash -salt mineral 
found as thin bands in the rock-salt of the 
Desdemona salt mine in the Leine Valley, 
Prussia (0. Renner, 1912). It is colourless and 
transparent, extremely deliquescent, and has 
the composition Kl^'CaClj. F, Zambonini 
(1912) has suggested that this is identical with 
the Vesiivian mineral ‘ chlorocalcite,’ first 
described by A. Rcacchi in 1872, end later 
proved to be cubic and with the composition 
KCl CaClj. * L. J. S. 

BAGASSE, BEGASS, or MEGASS. Terms 
applied to the refuse sugar-cane after crushing. 

BAKELITE. A condensation product of 
phenol, cresol or other phenolic bodies, and 
formaldehyde, paraformaldehyde, hexamethy- 
lenetetramine, or other substances with a reactive 
methylene group, mixed with asbestos or some 
form of cellulose, and heated so as to convert it 
into a solid infusible resinoid 'mass capable of 
being moulded or worked. 

In ilie actual manufacture of bakelite 
ordinary commercial carbolic acid, which con- 
sists largely of cresols, is employed, in connection 
with small quantities of various alkaline sub- 
stances, which appear to act catalytically in 
promoting the action of the formaldehyde. 
The first products obtained are semi-solid resin- 
like bodies which under the influence of heat and 
pressure become liard, insoluble and infusible, 
and of a high chemical and mechanical resistance. 
This initial stage is variously termed ‘ Bakelite A, 
Liquid or Solid,’ Resmil mass, &c. The final 
product is known as ‘ Bakelite C,’ ‘ Resinite,’ 

‘ Gondensite,’ or ‘ Rcsite,’ It is regarded by 
Baekeland, with whose name the invention and 
commercial application of the substance is 
associated, as a polymerised hydroxybenzyl- 
methyleneglycolanhydride. To form it ‘Bake- 
lite A ’ is heated in a modified form of auto- 
clave to about 170°, under pressure produced 
by compressed air or an inert gas, such as 
carbon dioxide. Instead of the autoclave the | 
Bakelite A, after being mixed with the appro- 
priate fibrou.s material, may bo placed in a steel 
mould, and gradually hardened in a hot press 
during from 1 to 2 hours, at a temperature 
between 100° and 200°i 

Bakelite C in its purest form is a colourless 
or light golden-yellow mass of sp.gr. 1’26. 

It is a bad conductor of heat and electricity, 
and a first rate insulating material. It resists 

i iressure and shook, but has a comparatively 
ow elasticity. It can be heated to 300” without 
change. At a higher temperature it chars, but 
does liOt inflame. It is non-hygrosoopio, and 
resists the action of concentrated hydrochloric 
acid, oil of« vitriol, nitric acid ana bromine. 

It is loss resistant to the action of alkalis. From 
the ease with which it can be worked it can be 
used for a great variety of articles, such- as 
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switch-boards, telephone receivers, armatures, 
and commutators for dynamos and motors, 
phonograph records, mouldings for kodaks, 
photographic developing trays, &c. Also for 
the manufacture of Jbilliard- balls, razor handles, 
umbrella and stick handles, pen and pencil 
holders, cigar and cigarette holders, pipe mouth- 
pieces, ornaments and beads for jewellery, &c. 
(Lebach, Jour. Soc. Chem. Ind. 1913, 32, 559). 

The conditions of the formation of bakelite 
have been investigated by Matsu moto (J. Chem. 
Jnd. (Tokyo) 18, No. 207), who found that all 
stages of the reactions are greatly accelerated by 
small additions of various substances. The 
best results, as regards yield and quality of 
roduct, were obtamed by the use of sodium 
ydroxide and ammonia as condensing and 
hardening agimt respectively. Sulphuric acid, 
hydrochloric acid, ammonia, hexamethylene- 
tetramine, aniline, sodium sulpliite and sodium 
carbonate were also satisfactory as condensing 
agents, but only basic s*ib, stances, sucli as 
alkali hydroxides or ammonia were suitable as 
hardening agents (Jour. Chem. Soc. Ind. 1915, 
34, 1104). 

The General Bakelite Co. has a very complete 
plant at Perth, Amboy, and there are a large 
number of licensees in the United State.s ; 
bakelite plants in Germany, France and England, 
and several factories where biikelitc good.s, such 
aa buttons, are manufactured under licence. 

Bakelite is amber-yellow when freslily made, 
but gradually acquires a wine-red eoloiir under 
the action of dayliglit. If the red colour i.s not 
too strong it mO'Y discharged by heating to 
100“-160" for several hours. This colour change 
has proved objectionable when the substamic is 
used for ornamental purposes (imitation amber), 
and has led to its abandonment in certain trades 
(Newbery and I/upton, Manchester Memoirs, 
62 (1918), 13). 

BAKERITE. A hydrated borosilicate of 
calcium, SCaO'SBjOa-bSiOjtiHaU, containing 
BgOg 27*7 p.c. It is massive and .snow-white, 
sometimes with a greenish tinge, and resembles 
unglazed proeelain or fine-grained marble in 
appearance. J)2'73-2 93, H 4|. It occurs with 
howlite as veins and nodules of considerable size 
n the borate mines in the Mohave Desert, sixteen 
miles north-east of Daggett, in Han Bernardino 
Jo., California (W. B. Giles, Mineralog. Mag. 
1903, xiii, 353). L. J. S. 

BAKHAR . an artificial ferment prepared from 
dee, powdered roots and other parts of certain 
lante, by Indian natives, and used in the pro- 
uction of Hindu riee beer (pachwai),and of the 
spirit distilled from it. It contains many varie- 
ties of moulds and fungi capable of saccharifying 
starch, of which the most active is Aspergillus 
^ryzcBt and several yeasts capable of producing 
alcohol (Hutchinson and Ram Ayyar (Jour. Soc. 
Chem. Ind. 1910, 35, 761). 

BAKING POWDERS are any powders used 
as substitutes for yeast. The bread or cake 
is rendered spongy by the carbon dioxide 
generated in the dough ; this is effected by the 
action of an acid, such as tartaric acid, on 8<^ium 
bicarbonate, and some farinaceous substance is 
added to act as diluent. To permit the use of 
disoolotired flour, alum was frequently employed, 
this readers the bread white, but at the same 
time indigestible. In 1890 such articles as 


baking powder were included in the Sale of 
Food and Drugs Acts, and "therefore the use 
of alum oj* any mjurious matter was prohibited. 
All articles are perfectly dried before mixing, 
passed through a fine sieve, and kept in air- 
tight packages in a dry place. To evei^ pound 
of flour, I teaspoonfiil of baking powder is added 
for bread, and 2 teaspoonfuls for cakes. General 
proparatioas are{ 

(1) 6 ozs. tartaric acid, 2 ozs. sodium bi- 
carbonate, and 1-6 ozs. of farina. 

(2) 16 ozs* sodium bicarbonate, 14 ozs. 
tartaric acid, and 6 ozs. magnesium carbonate, 
and 12 ozs, farina (Workshop Receipts, 1909). 

(3) 2^ lbs. cream of tartar, 2^ lbs. sodium 

bicarbonate, 1 lb. acid calcium phosphate,' and 
4 lbs. cornflour (Pharm. FormulcB, 1908, 322). 

(4) 3 lbs. acid potassium sulphate, 1 lb. 
sodium bicarbonate, and 1 lb. of cornflour 
(Pharm. Formulae, 1908, p. 322). 

(5) 5 ozs. tartaric acid, 15 ozs. cream of 
tartar, 20 ozs. sodium carbonate, and 40 ozs. 
rice flour (Workshop Receipts, 1909, p. 90). 

(6) 20 parts acid sodium phosphate, 20 mrts 
acid calcium phosphate, 26 parts sodium 
bicarbonate, and 35 parts starch (Hiscox, 1907, 
102 ). 

Crampion's powder ; 2 parts cream of tartar, 

1 part sodium bicarbonate, and 1 part corn 
starch. 

Rumford's powder ; (approx.) 7 ozs. sodium 
bicarbonate, 14^ ozs. sodium phosphate, and 
SI ozs. starch. 

Royal powder: A mixture of cream of 
tartar, taitaric acid, sodium bicarbonate, and 
starch. «> 

OoodaWs powder is a mixture of 2 parts rice 
flour with 1 part tartaric acid and 1 part 
bicarbonate of soda. 

Green* s powder : 35 lbs. tarfario acid, 66 lbs. 
of sodium carbonate, and 1 cvi:. of potato flour. 

Hor8ford*8 powder consists of 2 packets: (1) 
acid calcium and magnesium phosphates, made 
up with a certain quantity of flour ; (2) bicarbo- 
nate of soda with a little potassium chloride. 

Borunck*8 potoder is an arlflfficial fermentation 
powder compounded with coarse maize. 

Self-raising fbur may be prepared by mixing 
8 ozs. sodium bicarbonate, and 18 ozs. crejim of 
tartar with 1 cwt. of flour. 

Milk in the solid form, concentrated in a 
vacuum at 60®-60®, was used by Hooker, to 
replace inert farinaceous matter. It is claimed 
to have a better nutriment value and inoreased 
leavening power : 20 parts tartaric acid, 

64 parts milk powder, and 1 part moisture. 
The soda is added before the milk is completely 
dry, then the whole dried and ground finely in 
a mortar (J. Soc. Chem. Ind. 27, 1908). Cream 
of tartar is soluble in hot water, but only slightly 
80 in cold, whilst tartaric acid dissolves readily. 
Therefore a powder containing cream of tartar 
evolves carbon dioxide much more slowly than 
one compounded with tartario acid. This is 
advantageous, as a dough containing it can be 
kept for some time before baking, also it does not 
darken the bread ; on the other hand, it forms 
Rochelle salt which has a very slight saline 
taste. The best powders are madb from a 
mixture of tartaric acid and cream of tartar. 
Good substitutes for tartario acid are aoid 
ammonium phosphate, and aoid potassium 
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sulphate, acid potassium and calcium phosphates, 
but they have a te!ndency to darken the bread. 
The acid calcium phosphate used in and 

self-raising flours occasionally contains an undue 
amount of calcium sulphate (J. M. Hamill, 
Report af the Local Gov. Board, 1911, Food 
Report, N®. 13). 

Ammonium carbonate is used in very light 
pastries, but it requiies expert handling, and 
so is very rarely present m the make-up pre- 
parations. 

BAKUIN. Russian mineral machine oils; 
recommended for lubricating heavy machinery 
on account of their high viscosity and gicat 
power of resisting cold (Scifenseid, Zoit. 31, 
300 32, 378; J. Soc. Chein. Ind. 3, 181). 

BAJfCUOL. A name given by Mendel^ff to j 
an illuminating oil, prepared from the crude 
oi^ of Baku by mixing ordinary kerosene of 
sp.gr. 0*82 to 0*83 and flashing point 20® to. 
30®, with the so-called intermediate oil, which I 
has a sp.gr. of 0*8G to 0 -88 at 16®, and is not in- 
flammable at 100®. The mixture has a sp.gr. of 
0-84 to 0-86, and flashes at temperatures varying 
from 60® to 70®. From 100 parts crude naphtha 
20 to 30 parts of kerosene and 10 to 20 parts of 
intermediate oil can be obtained. 

The following table gives the sp.gr., flashing- 
point, and luminiferous value of four bakuols 
examined by Iliinow : — 


Spool- 

Sp, gr. 

Flashing 


(Consumption per 
hour in Russian lbs. j 

men of 
oil 

at 

17'06 

point at 
760 mm. 

power 

For the 
lamp 

I’er 

candle 

power 

No. 

1 

0*8280 

38-0 

7-40 

0-0588 

0-0080 

2 

0-8810 

3^7-5 

10-40 

0-0033 

0-0060 

3 

0-8860 

39-5 

9-84 

0-0033 

0-0064 

4 

0-8310 

49-5 

8-30 

0-0675 

0-0081 


Literature. — Mendele'eff, Zeitachr. Technik, 
1886, No. 109 ; Chem. Zeit. 1883,231 ; IlimoAv, 
ibid. 10, 1469 ; J. Soc. Chem. Ind. 2, 238 ; 6, 
601 ; 6, 135 (r. PetkoLeum, Russian). 

BAKURIN. A lubricating oil, prepared by 
n;iixing 100 parts of crude Baku oil with 25 parts 
of castor oil and 60 to 70 parts of sulphuric acid 
of 66®B. After standing the mixture is stirred 
two or three times with water, the water 
run off, and the oil treated with soda or 
potash (Miiller, B. R. P. 35141, Dingl. poly. J. 
260, 240). 

BALANCE. A generio term, designating a 
variety of machines for ascertaining the weight of 
a body in terms the weight, at the time and 
place, of a standard mass (gram, ounce, pound, 
&o.), and thus determining its mass. By means 
of a balance and a set of ‘ weights,’ we ascertain 
t^t a body has P times the weight of the unit 
pece of the set, and conclude that its mass is 
P times the mass of this piece likewise, whatever 
the chemical nature of the body may be. In 
justifioatioo of this inference we might refer to 
Newton’s pendulum experiments, or to the often 
proved chemical axiom that the weight of any 
body or att of bodies is independent of the 
state of ocmabination of its elements. But from 
the standpoint of the chemist it is sufficient to 
know that, supposing even each element had its 


own factor for converting * weight ’ into mass, it 
would still follow that the weight of a body, 
however complex, is equal to tne sum of the 
weights of what in any sense we may call its 
‘ components,’ and that the^ratio of the weight 
W, of a body of fixed elementary composition to 
the weight W, of another body of even a different 
flxed composition is as constant, although 
perhaps not equal to the ratio of the masses 
M, : Mj. Of all balances the equal-armed lever 
balnnce, often called ' the balance ’ par excel- 
lence, is by far the most important. 

The balance exists in a variety of forms, 
all of which seek to realise the same ideal 
machine. An absolutely rigid beam, sus- 
pended that whilst it can rotate freely about a 
certain axis (which goes across it somew'here 
above its centre of gravity, and of which every 
point holds a fixed position in reference to the 
stond) it is not capable of any other motion. 
I' rom two points, a and 6, which lie in the same 
plane as the axis of lotation — one near the left, 
the other near the right end of the beam — the 
pans are suspended by means of absolutely 
flexible linear strings, a and b are equidistant 
from the axis of rotation. So far all balances 
are alike. In now passing to the actual instru- 
ment, w'e shall confine ourselves in the main to 
the class of balances known as precision balances. 

Of the difficuUits involved in the construc- 
tion of such balances, that of producing a suffi- 
ciently Jiglit and yet practically inflexible beam, 
seems to have rested most heavily on the minds 
of the earlier makers ; but there can be no 
doubt that many of their efforts in this direction, 
which occasionally resulted in what we should 
now call fantastical beam -forms (hollow ellip- 
soids, monstrous skeleton-forms, &c.), must be 
traced back to their inability to reach a sufficient 
degree of precision in the geometric adjustment 
of the three pivots, and to their charging against 
the flexibility of the beam what was really owing 
to these defects in the adjustment. As these 
difficulties wore overcome, beams assumed less 
fantastic forms. Sacre' of Brussels, we believe, 
never uses any but plain rod-shaped beams (only 
perforated in the middle to insert the bearing 
of the central knife). Most balance makers, 
however, prefer the form of a largely perforated 
rhombus or isosceles triangle (cut out, virtually, 
of a plate of metal), and thus attain all that is 
needful without offending the eye by unduly 
stretching the middle section, and without using 
anything more intrinsically rigid than haanmered 
brass or some kind of bronze. In reference to 
ordinary chemical balances (for charges up to 
say 190 grams), it would be no great exag- 
geration to say that any reasonably made beam 
is sufficiently rigid ; only in the case of balances 
intended for very high charges, such as 6-10 
kilogrammes, is it at all worth while to employ 
refinodly designed beam-forms, or to look out for 
a material of exceptionally high rigidity. For 
these particular balances hard steel would be 
the best material; but, unfortunately, steel 
beams are apt to become magnetic. With small 
assay- balances intended for charges up to, say, 
5 grams, on the other hand, the question of 
rigidity is pr/ictically out of court, am the vm 
of an exceptionally light material— suoh as 
aluminium, or, better, wat alloy of 95 parts of 
aluminium and 5 of silver (which Soit^ut df 
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Gdttingen uses for email balances generally) is 

. indicated.^ In all balances tbe axis of rotation 
is realised in a straight knife-c^e ground to a 
prism of hard material, which is firmly fixed to 
the beam, traversing, it crosswise and resting on 
a hard bearing. In'ordinary balances the middle 
knife is simply driven through the beam, and 
only its two ends are supported in cylindrical, 
or, what is better, roof-shaped bearings, which 
form secures to the edge a sufficient fixity of 
position, forward and back sliding being pre- 
vented by cutting off the ends of the knife 
obliquely, so that the edge terminates in two 

* points, and closing the bearing at each end by 
a steel plate, so that the knife has just room be- 
tween without jamniiiig. In suspended balances 
the central bearing is fixed at the lower end of a 
light framework, terminating above in a hinged- 
on ring for suspending the instrument from a 
fixed hook or the thumb of the operator. 

In all precision balances the central bearing 
is attached to a fixed pillar, and is plan© ; in the 
best balances the bearing is made of one piece, 
and the central knife-edge rests upon it in its 
entire length. A plane bearing necessarily in- 
volves an arrestment so constructed that, besides 
doing its primary duty, it assigns to each point 
of the central knife-edge a fixed position on its 
bearing. In former times hard steel was used 
exclusively for both knives aad bearings ; sub- 
sequently agate bearings came to bo combined 
with steel knives. Robinson of London was 
the first to make both knives and bearings of 
agate. The agate knife adds notiiing to the pre- 
cision of a ne\yly-made balance, but it always 
remains clean, while a steel knife, in a chemical 
laboratory more especially, is apt to rust. Steel 
knife-edges are generally ground to an angle of 
60° for 90° for very heavy charges). In agate 
knives, as made bv Oertling, only the body of 
the agate prism is ground to 60°, while the edge 
is formed by two narrow facets, inclined to each 
other at a far more obtuse angle. Such an 
obtuse edge stands many years’ constant use 
without wearing out. American makers have 
introduced the artificially made osmium-iridiuin, 
which is used for the tipping of stylograph pons, 
as a material for both knives and bearings. 

For the realisation of the two point- pivots a 
and B, a great many combinations have been 
invented. A now obsolete construction of 
Weber’s (Bib. 2) adapts itself very closely to our 
ideal conception. Ho provides the beam at its 
two ends with knife-edges turned sideways and 

• suspends the pans by means of threads of unspun 

* silk which are fixed somewhere in the back of the 
beam and hang over the edge. The axis of 
rotation is realised similarly. In ordinary 
balances, as a rule, a vertical slit is cut into each 
end of the beam, and this is traversed by a short 
prismatic knife, the edge of which is a circular 
aro of small radius which stands perpendicular to 
the line ajb. From each such knife the pan is 

* suspended by means of an 8 or 2-Bhaped steel 
hook. This construction, if well executed, mav 
afford high precision, but the suspender-hook 
is apt to rub against ^the sides of the slit in the 
beam. Hence, wherever the hook-and-eye 
anraiigemezit is adopted for preoision balances, 
it is modified in this sense, that tlib knife-edge 

i For a fuUsr discussion of this subject, o. the 
ui^tet’s Ifsomlr (Bib. 6. 822). 


i forms a circle of relatively large radius which lies 
entirely outside the bodv otHbe beam. This 
system, compared with those considered in the 
sequel, offers the advantage of easy adjustment. 

It used to be very popular with balance makers, 
and many excellent instruments have b^n pro- 
duced with it especially by Helen il of Paris. For 
small assay- balances it is indeed probably as 
good as any other that could be named ; for 
balances inlonded for higher charges it does not 
possess sufficient durability, although, as the 
writer is able to say from his own experience, if 
well made, it lasts better than is generally sup- 
posed, in modern balances it is rarely seen i 
in those, as a rule, the pans are suspended from 
long straight knife-edges, similar to the central 
one, by means of broad bearings which, of course, 
must be arranged so that they neither twiSt nor 
slide. A very efficient and easily made arrange- 
ment is to give the bearing the form of a roW 
cut and of one side of a prismatic block of steel 
or agate, and to fix it to the upper end of a 
stirrup-shapod or ’^-shaped holder which ter- 
minates below in aii eye, from which the pan 
is suspdidcd by a suitable hook. The eye stands 
at right angles to the knife-edge ; its working 
point, when the instrument is in use, lies ^verti- 
cally below the centre of the respective end-edge, 
and the effect is the same as if the whole of tne 
load were concentrated in that one centre-point, 
although the pressure of the bearing on the knife 
is equally distributed over the whole of its work- 
ing length. 1'his hook-and-eye arrangement is 
absolutely indispensable if the pans are suspended 
by stiff stirrups, because, if these were rigidly 
connected with their bearing?, the virtual point 
of application of the load would shift forwards 
and backwards on the edge, and the least want 
of parallelism between it and the axis of rotation 
would cause the balance to* give inconstant 
readings. 

These roof- shaped bearings were formerly * 
used almost exclusively by German makers, 
although an undoubtedly superior system had 
been introduced successfully by Robinson of 
London many years ago. •In it the pans 
are suspended by jilam bearings which a 
suitable extension of the arrestment keeps in 
their right positions. Robinson’s balances 
were justly famous in Great Britain — a few 
of them are still working to this day — yet, 
after Robinson’s death, Oertling was almost the 
only balance maker wffio folloAved him in tbifl 
respect. The general plea against the system 
was that flat end -bearings were liable to twist ; 
and some, after having adopted Robinson’s plan, 

‘ improved ’ upon it by cutting out a central 
portion of each end-knife, so that it worked only 
with its two ends ; proving thereby that they 
did not understand their business, beoause a 
really plane bearing, ad a matter of fact, does 
not twist on a really straight knife-edge, even if 
the pan oscillates strongly. The principal' 
advantage of the Robinson system is that it 
enables one to do what the roof-shaped bearing 
prohibits, namely, to satisfy himself that the 
knives and bearings are geometrically perfect. 
But here, as in all analogous oases, we must not 
forget that the excellence of an inurnment — 
supposing it to be based on a reasonable system — 
depends far more on the skill of the maKor Uian 
I on the theoretical perfection of the design. 
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Fig. 1. 


From the bare realisation of the ideal 
machine, we now^pass to the accessories which 
a balance needs in order to become a convenient 
instrument, and we will consider these in the 
order of their importance. 

Th\ arrestment is a mechanical contrivance 
to enable the beam to be arrcstc‘d at any point of 
its angular motion, and to bring it to permanent 
rest in its ‘ normal * position, in which the plane 
of three axes stands horizontal. If the three 
pivots are self-adjusting, there is, strictly speak- 
mg, no need of an arrestment ; still for the rapid 
execution of precise weighings it is almost 
indispensable. 

If the central bearing forms part of a sus- 
pended frame, an arrestment is easily devised in 
the ways illustrated by Figs. 1 and 2. Fig. 1 
explains itself ; in Fig. 2 
the balance is hinged 
on to the bent-down 
end of a flat bar which 
slides up and down 
in guides fixed to the 
jiillar between two beds 
of rollers 2x2 in the 
guides on the front side 
of the bar, and one 
which is pressed against 
its back by a spring. 
At its lower end the 
bar has a small wheel 
whicli rests on the 
shorter end of the 
^hinged lever liy means 
of which the balance 
raised or lowered. A 
small vertical adjusting screw below the sliortor 
end of the lever defitnw the lowest position of the 
bar at which the pans just touch the table 
without slackening 
the chains. In 
either case it is an 
improvement to 
suspend a heavy 
block of metal at 
thp lower end of the 
frame, to compel it 
to hong plumb, and 
, to hinder it from 
oscillating. The 
specific advantage 
of suspended bal- 
|ancos is that they 
I need no horizontal 
table or levelling 
screws at the' board 
on which they may 
bo erected. But 
pillar-balances are on the whole more con- 
venient. Ill the case of these (supposing 
plane bearings to be absent) a good system 
IB to fix the central bearing to the top of 
a rod which slides up and down within the 
pillar—properly guided to prevent shaldng and 
rotatory motion — and, with its lower end, rests 
on an eccentric concealed in the sole and governed 
by a lever, or disc -shaped handle. The eccentric 
must be bo adjusted that when it is at one of its 
extreme pwitions, the pane just touch the board 
andno more, while, when it is in its other extreme 
position, the beam is at its maximum angle of j 
free play. In the excellent Taririvaagen of I 


MM^rs. Becker’s Sons, Botterdam, this system of 
arrestment is realised to perfection. 

The system needs only be slightly modified to 
adapt itself to the case of a plane central bearing, 
but we prefer to at once pass to the case of three 
plane bearings, and in dcingao cannot do better 
than describe a balance (for charges up to 6 
kilos.) which Mi-. Oertling made for us some years 
ago. As shown by Fig. 3, the instrument rests 
on three pillars standing on a hollow square 



Fig. 2. 



Fig. 3. 

block of iron vhich conceals the eccentric. 
Firmly fixed to the top ends of the pillars is a 
substantial brass frame which terminates at its 
two ends in V-shnped supports for the end* 
bearings. These latter are agate plates cemented 
each to the horizontal bar of a kind of stirrup, 
the bar terminating on each side in a cylindrical 
steel pin which, when the balance is at rest, lies 
in the corresponding V of the frame. The 
central pillar conceals a movable steel rod, pro- 
vided at its lower end w-ith a w heel which rests 
on the eccentric. Its upper end carries a sub- 
stantial brass block which divides into two short 
piers above, w'hilst it expands below into a 
horizontal plate, pierced by a circular perforation 
near each end. These perforations fit exactly 
around two cylindrical steel pins, r, r, fixed to the 
top plate of the pillars, so that the rod, when 
moving up or down, cannot turn or shake in the 
slightest degree. The space between the two 
piers is bridged over by the central bearing, a 
plane agate plate fixed to a prismatic piece of 
brass, which is dovetailed into the tops of the 
piers, 80 that, while perfectly steady when in its 
place, it can without much effort be slid out or in 
(Fig. 4). It is inserted while the beam is being 
held in its intended position and passes through 
a large perforation in the beam into which the 
middle Imife projects. The beam terminates at 
its left end in one, at its right end in two, horizon* 
tal steel pins whose shoulders are continuous but 
rapidly expanding surfaces of rotation, and these 
pins fit, the single one into a notch, the couple 
mto a fork, forming part of the fixed arrestment 
frame. In the arrested balance each bearing 
is almost in contact with its knife ; if the 
eccentric be now turned, ,the central bearing 
rises and lifts the whole, beams and end.bearings, 
to a greater or less height, and ultimately into 
that maximum height at which the eooentrio 
standi still without being hdd in its iKMitiosu 
If the eccentric be now turned the other vfsj. 
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both the and the end-bearings fall back, i 
ultimately, into their prescribed positions of 
rest, even if they should have twisted, w?iich, 
however, they never do in the instrument 
under description. ^For a balance intended for 
quick work, and more especially for one used 
occasionally for the weighing out of predeter- 
mined quantities of solids or fiquida, this system 
of arrestment is the best that we know of, be- 
cause it enables the instrument to be handled 
pretty much like an ordinary pair of scales ; only, 
to be able to do so to the best advantage, and 
without spoiling the terminal pivots, the pans 
* must be suspended by flexible short-linked chains 




Fig. 4. 


whose length is so adjusted that the pans just 
touch the table when the balance is fully arrested. 
Stirrup-shaped pan -suspenders (as represented 
in the figure) are more convenient than chains 
in many respects, but, for the purpose under 
consideration, they do not work with plane end- 
bearings. The ratchet-wheel visible in the figure 
was intended to enable the eccentric to be 
arrest-ed at intermediate positions (in taring with 
garnets and similar "operations) but was found 
not to work satisfactorily ; it is simpler and 
better to have a block of wood so adjusted that 
when put under the handle it just raises the 
beam suflSciently to enable one to see which side 
goes down. 


Instead of fixing the arrestment frame to the 
pillar and making the central bearing movable, 
we may of course do the reverse, and thifii latter 



III. flection through pillar and middle knife ; 
IV. Horizontal projection. 

Fig. 6. 


system, indeed, is generally preferred for pre- 
cision balances of a higher order. . 

The kindness of Messrs. C. Staudinger’s 
Naohfolger of Giessen, Germany, enables us to 
give a detailed description and drawing of the 
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liind of movable frame arrestment which they 
are in the habit oftapplyiug to their best instru* 
menta 

As shown by Fig. 5 (L to IV.) th*e pillar is 
hollow and accommodates a round bronze rod ». 
This ro^ itself, however, conceals a co- axial 
round rM,L of nickolled steel. The bronze rod 
f, at its lower end, is guided by perfontcd blocks, 
e, fi, Fig. I., while at its upper end it Lermmates 
in a thinner cylinder surrounded by a gently 
acting spiral spring n. The head of the pdlar is 
perforated and guides the attenuated end of f in 
its up-and-down motiop. The inner (steel) rod, 
L, is guided similarly within the bronze rod f 
and has a spring i, Fig. II., about its lower 
end to assist its natural tendency to sink. The 
two rods F and l carry two independent arresl- 
ment-bars ; l the bar Tj for the ond-bearings, F 
the bar t, for the beam, 

• A square pillar k (Figs. III. and IV.), which 
rises from a prolongation of the head of the stand 
pillar s, by passing through perforations in the 
two bars T| and prevents any motion of 
these about the axis of their rods. As shown by 
Fig. IV., an adjusting screw, passing through the 
bar, and a flat spring t on one side of the square 
perforation of the bar (t^ or Tjj), enforce steadi- 
ness of motion. 

The upright pins g g (I.), which are tipped 
with .sharp agate cones, arrest the end- bearings 
by rising into correspondmg comcal hollows in 
the latter. (Fig. 0, though taken from an 
Oertlmg balance, will give 
an idea of the way in which 
these ])ins work.) The two 
slanting lines 0 0 (Fig. I.) 
P arc meant to indicate 
^ two supports, which pass 
through slots in the pillar s 
Fia. 6. the bronze rod f, and 

are fixed to the inner rod l, 
• to lend additional rigidity and steadiness of 
motion to the end- bearings aiTe.stiuent. 

The arrestment of the beam is effected by two 
adjustable piers z rising from the bar of the 
bronze rod. The tops of these piers carry roof- 
shaped agate bearings, in which the arrested 
beam lies with its lower (bevelled) edge. This 
would be suflScient to keep the beam from turn- 
ing. To hinder it from moving progressively, 
there is a horizontal frame l (Figs. III. and IV.) 
united with bar Tj by two little pillars o, G, and 
carrying two agate bearings, a roof-shaped one 
at the hinder end and a plane one at the front end 
of the middle (agate) knife. The roof-shaped 
bearing receives that end of the middle knife 
as the roof-shaped bearing of an ordinary 
, balance would (sp that by it, and the two beam- 
Bup^rts, three points of the arrested beam are 
fixed in prescribed positions) ; the plane bearing 
in front only supports the knife as it rises up to 
it on arresting. This plane bearing is adjustable 
by means of a screw, so that the arrested central 
knife-edge can be made rigorously parallel to 
the fixed central bearing of the working in- 
stmment. 

There lire three ecoentrics, all attached to 
the same axis and governed by the same handle 
(Fig. U.), A, for the bronze rod f, a second, 
B, lor the pjner steel rod L, and a third, c, for 
a pan-aireetment, whose mode of acting will 
readily be seen by a glance at Fig. I. When the 


( handle staiidB so that line p (Fig. 1) is vertical 
the beam is' arrested ; after this point has 
pa^d, the beam-supports remain at the game 
altitude, but, on turning the handle further, 
bar T| is raised to lift the terminal bearings as 
soon as line q stands vertical. The last third of 
the motion of the handle arrests the pans. 

The principal feature in Messrs. Staudinger’s 
Nachfolger’s arrestment obviously is the rela- 
tive independence of the beam-arrestment and 
I of the end- bearings arrestment. In most 
I other movable frame systems there is only one 
[ frame for both, and things are arranged so 
j that the middle edge is held fast after the end- 
I bearings have been lifted by a hair’s breadth, 
and that the upward motion comes to an end as 
soon as the middle knife is just visible above its 
I bearing. A refinement upon this construction is 
to merely effect the three contacts, and then, by 
means of a special eccentric, to let the middle 
bearing drop through a distance of 0*1 or 0-2 mm. 

Whilst all the 8 e\ 4 eral points of a rigid though 
j movable arrestment- bar move up and down in 
vertical straight lines, the end-edges of the vibra- 
ting beam describe circular arcs. Hence when- 
ever the bar is raised against the slanting beam, 
the end-bearings tend to slide over their knives 
and to spoil thorn. To preclude the possibility 
I of this, Becker & Sons, in their finest balances, 
make the bar for the end bearings arrestment of 
j two halves which are hinged on te the pillar in 
or very, near the axis of rotation. Sart-orius 
adopted this system and brought it into a sli^tly 
different form, regarding which \vo refer to Bibl. 

1 4, where it is illustratea by a drawing. 

! In a balance which has only plane bearings, 
no kind of arrestment, of course, will give satis- 
faction, unless its several parts, and also the 
pillar and the sole, are sufficiently substantial to 
ensure absolute constancy of configuration and 
absolute steadiness of motion even after long- 
continued use. The old masters used to pay great 
attention to this important point, but it is sadly 
neglected by the majority of their present suc- 
cessors. 

In a balance of which the end-pivots are self- 
adjusting, the movable arrestment frame 
assumes a very simple form. All that is needed 
IS a small frame bearing V-shaped notches for 
arresting the middle knife in a prescribed 
position, and fixed to a horizontal bar with two 
projecting pins, in order, at the same time, to 
support, the beam in a horizontal position. As 
these pins have no other function, the bar may 
be very light, and the whole system need not • 
have that absolute steadiness of motion which 
is indispensable in the case of plane end- 
bearings. 

The needle and scale serve to define the 
angular position of the beam. In all modern 
precision balances the needle points downwards, 
and is meant to embody a straight line paj wing 
through the axis of rotation and standing per- 
I pendicular on the line connecting the two point 
I pivots A and b. The scale is attached to the 
piUar ; its zero, if the stand is properly levelled, 
lies vertically below the axis t>f rotation. To 
enable the stand to be levelled, there must be 
either a plumb line or two spirit levels fixed to 
the piUar^ and so adjusted that when t^ey jpdint 
to their zeros, the line connecting the leio ed 
the scale with its projection on the 
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edge is vertical. The scale should be so gradu- 
ated that the needle-line, if produced, would 
cut, not the circle described by the needle’s 
reference point, but the horizontal tangent to 
this circle, into pieces,©! equal length (v, infra). 
In most practical cases, however, this comes to 
the same as saying ‘ into pieces of equal angular 
value.* In balances provided with a fixed arrest- 
ment frame the scale should be made to move up 
and down with the beam, so that its position in 
reference to the needle remains constant. In 
most balances the end-point of the needle is 
lust clear'of the upper circular edge of the scale, 
out it is better to make its lowest portion almost 
linear, and let this project over the scale and 
almost touch it. I 

The rider. — Small weights are diflBcult to ' 
handle and easily lost. To avoid this incon- ' 
venience, Berzelius conceived the happy idea of , 
dividing the right side of the beam, or rather the I 
horizontal lever arm corresponding to it, into ton ! 
equal parts, and substituting^ono rider weighing ' 
ten centigrams for all the centigram and milli-| 
gram pieces of the set of weights. Obviously the 
rider, when suspended at the first, second, &c. 1 
mark from the centre, acts like 1, 2, &c. centi- j 
grams placed in the pan, and it is equally obvious ' 
that every tenth of a division on the beam corre- ! 
spends to one milligram of additional weight. | 
This system was universally adopted and is still 
in use, only with this qualification, that wo now 
apply it to the counting of the milligrams by 
means of a rider weighing ten milligrams. The 
reason for the change is obvious. In most 
balances the points 0 and 10 of the rider-scale 
are inaccessible. Becker & Sons avoid this 
inconvenience by dividing the arm into twelve 
parts, and supplying a rider weighing twelve 
milligrams. Other makers, for instance, Messrs. 
Verteek & Peckholdt, of Dresden, make the top 
bar of their beams exactly horizontal, ami, 
besides keeping it clear of impediments, make it 
project beyona the terminal edges. One of the 
advantages of this system is that, in the case of 
a short beam, it enables us to double the degrees 
of the rider scale, by dividing each arm into only 
five (integer) parts, numbering these from the 
left knife onwards and using a rider weighing 
five milliCTams. Only, if we do so, the rider 
suspended at the zero must be count^ part and 
parcel of the instrument. Bunge provides a 
special rider-bar so contrived that the path of 
the rider lies in the plane of the three axes. This, 
theoretically t is the most perfect arrangement. 

* A rider arrangement, to be complete, must be 
supplemented by a mechanical contrivance en- 
abling one to s^t the rider while the balance 
case is closed, and to do so with greater rapidity, 
ease, and certainty than would be afforded by a 
forceps, supposing the case to be open. Rider- 
guides fulfilling this latter condition are scarce ; 
even with the best the rider drops down occasion- 
ally, and has to be searched for. 

To avoid this source of annoyance Hempel does 
away with the rider and substitutes for it a vane 
with a limb j^aduated into milligrams (v. infra). 

The gravity hob — a small button or disc of 
metal so attached to a wire standing vertically 
on tile top of the beam exactly above the axis of 
rotation that it can be screwed and down 
fdoQg the whole range of the wire. It enables 
one lo raise or lower the centre of gravity of the 


beam, and thus to establish any desirable degree 
of sensibility. e 

A bob thus constructefl meets all the require- 
menta.of the balance maker, but for the chemist 
who uses the balance it is desirable to have an 
arrangement which enables him at a mqpient’s 
notice to establish any predetermined degree of 
sensibility. Such an arrangement was invented 
by the writer some years ago (Bibl. 8 and 6). It 
consists of a small bob fixed by mere friction 
to the upper end of the needle, which at that 
part has the form of a triangular prism, and 
18 provided with a graduation. The mode 
of standardising the scale is explained below. 

Some arrangement for establishing perfect 
equilibrium m the unloaded instrument is re- 
quired. A small bob screwing along a horizontal 
wire fixed to some convenient part of the beam 
answers best. Less convenient is a ‘ vane,* 
meaning a little movable horizontal lever a^ 
tached to the lowest point of the wire, which 
carries the ordinary gravity-bob, or to the 
upper part of the needle. To understand the 
working of the vane — and at the same time that 
of Hem pel’s invention above referred to — sub- 
stitute for the vane an equivalent rigid line 
(Fig. 7). If the vane-line stands in the position 
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00 — i.e.f if it is parallel to the middle knife — it 
adds no weight to either side, if turned through 
90® into position 0 (10), it virtually adds, let 
us say, 10 milligrams to the charge of the right 
pan. Divide the line 0 ( 10) into ten equal parts, 
erect an ordinate in each point, and yoii find the 
points 0, 1, 2, 3, &c., of the circular path of the 
end-point of the vane, to which the vane-line 
must point, if the virtual addition to the right 
pan is to be equal to 0, 1, 2 .... 10 milligrams. A 
glance at the figure shows one weak point in the 
vane contrivance. There is, however, no need 
of our dividing the circular limb exactly in the 
way of our figure. We may, for instance, place 
the zero at the —7 and the ten at the -f 7 of our 
figure, divide the interval between the projec- 
tions on line (10) (lO) of +7 and —7 into ten 
equal pai^, and so adjust the mass of the vane 
and its distribution that, by turning it from the 
new zero (at —7) to the new ‘ 10 * (at -j-7), we 
virtually add 10 milligrams to the right charge. 
The degrees, corresponding each to 1 milligram, 
then become so nearly eqim to one another that 
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the subdivision of each into ten parts of equal 
ahgular value is permissible. 

The Thboey op the 

• For a first approximation imagine a balance 
which 48 ideally perfect, and assume it to be 
charged v^ith P grams from the left and with 
P grams from the right point pivot. The 
balance, when free to vibrate, can remain at rest 
in only its normal position, and if brought out 
of it will vibrate about it as a pendulum, because 
the two charges are equivalent statically to 
one heavy particle weighing 2P, situated in 
the central knife-edge. Now, put a small over- 
weight A on, say, the right pan ; the position of 
potential rest will shift, and the beam, to reach 
it, must turn (downwards on the right side) 
through a certain angle a, which depends only 
on A and on the weight W of the empty beam, 
T^ch latter we may assume to be concentrated 
in its centre of gravity c, the force 2P being 
obviously out of consideration. But the two 
weights, A at 6 and VV at c, are equivalent to a 

E oint weighing W-f A and lying on the straight 
ne c6 at a point c', not far from o. The new 
position of rest is gained as soon as o' lies verti- 
cally below the axis of rotation, or, to put it 
in otlier words, the right side of the beam goes 
down until the leverage of a is so far reduced 
and that of W has so far increased, that the two 
momenta statica are equal to eacli other. 

Imagine now the axis of rotation were shifted 
vertically upwards through a small height h, but 
remained parallel to itself. The ima< 5 inary point 
weighing 2P now, as soon as the beam* turns, 
has a lever and helps the w'oight W ; the beam 
will turn through a less angle o' to gain its new 
position of rest, and, supposing 2P to increase, 
o' becomes loss as 2P increases. 

Imagine now the axis of rotation to be 
shifted downwards towards tlio centre of gravity. 
The heavy point weighing 2P grams now helps 
A, and the angle whicdi separates the two 
positions of rest will become greater than the 
original angle ; the greater 2P the greater w ill 
be the actual angle o". But the two weights, W 
concentrated in c, and 2P concentrated in the 
centre of the lino ah, taken jointly, are equi- 
valent to one point c' weighing W-f 2P grams, 
and situated on the straight line connecting the 
two points ; and supposing 2P to increase 
gradually from nil onwards, o', in the second 
case, will rise and rise, and at a certain value of 
2P fall into the axis of rotation. The balance 
then has no definite position of rest ; and if o' 
rises still higher, the balance upsets. However 
small an overweight A may be put on either side, 
the” beam would have to turn upside down to 
reach its one (theoretical) position of stable 
equilibrium. 

The balance maker of course takes care so 
to adjust his mstmment that even if the sensi- 
bility is at the highest value which the balance 
is meant to afford, and the two-sided charge 
2P at its maximum likewise, the centre of 
gravity otthe whole system lies on the safe side 
of the axis of rotation. 

Assuming this condition to be fulfilled, the 
balance tg be exactly equal armed and to be 
charged with a pan weighing pg grams and a 
load of p grams on each side, the angle a of 
deviation is governed by the equation 


• • • a) 

whera I stands for the arm -length, s lot the 
distance of the centre of gravity of the empty 
beam from the axis of rotation, and A for the 
distance of the axis of rotation from the plane 
of the two end-edges, the axis being assumed to 
lie above the plane. In the opposite case h must 
be assumed to be negative, or the plus sign 
before the second term in the denominator be 
replaced by a minus sign. But Iga is the ratio 
of the absolute length of scale (measured tan- 
gentially, V. supra) correspondmg to angle a to 
the distance 1 of the tangent-zero from the axis 
of rotation. Hence we have 

" = WiTS^o+JfA = ^ ‘ ® ’ • ( 2 ) 

where, supposing I to be measured in tangential 
scale degrees, n may be read as meaning the 
number of degrees through which the needle 
turns in consequence of the adilition of A. The 
product condensed into ‘ E ’ we will call the 
‘ sensibility.’ 

I’lio reciprocal of E, i.e. the number E“‘ 
»=p, is the weight- value of 1 degree of the scale 

— i.e. the particular A which makes n=al. 
With a precision , balance the milligram is a 
convenient unit for A. 

For a balance provided with the writer’s 
auxiliary bob, eq, (2) may conveniently be 
brought into the form 

^ _ p-i _ + 2Ph) -f b(t/o + y) . 

where b is the weight of the bob and f/Q-j-y the 
distance of its centre of gravity from the axis of 
rotation f/g, being that distance which prevails 
when the bob is at its highest (zero) position. 
In a well-made balance the influence of P on E 
is small ; we may therefore assume the P of the 
equation to be some average value, and, con- 
tracting constants, say, the weight- value of one 
degree is 

E-» = A4By . . (3) 

where A and B are constants ; A obviously being 
that value which E-* assumes when y=»0. — B 

is easily determined by one trial at y=to its 
maximum, and the scale thus standardised. 

The theory of the rider might be allowed to 
take care of itself if in general practice the 
rider’s path exactly coincided witn the plane 
of the tkre.i axes. But such is not the case: • 
this path, as a rule, lies above the plane, and 
each mark at its own altitude H. Let us there- 
fore assume that, after the balance had been 
charged with P on each side, a rider weighing 
p had been suspended at a point of the I«am 
corresponding to the fraction kl of the arm- 
length (at the lOA)*** mark counting from the 
centre). If the beam stand horizontal, and a 
weight Jcp be placed in the opposite pan, the 
beam will remain in equilibrium, because we 
have l{pk)=p{kl) whatever H may be ; the rider 
whore it is and the chargj kp. (virtually) in the 
left knife-edge are conjointly equivalent to a 
fixed point weighing kp-j-p, and situated on the 
straight line joining the W edge and the TOint 
(lOk) where the rider is. And this equivalence 
holds for the slanting beam as well, and is indf* 
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pendent of P. But the sensibility of the beam 
with the rider on is evidently greater than It 
was with the rider off. Statically speaking 
the weight of, the beam and the two charges P 
and P are equivalent*to a fixed point Co weigh- 
ing W'a#W+2P, and situated vertically below 
the axis of rotation at a distance So, and this 
particle, conjointly with the one embodied in 
the rider, is equivalent to a point weighing 
\y^2P+p, and situated on the straight line 
between Cq and the point where the rider sits. 
Referriim to a system of rectangular co-ordinates 
♦ whose X-axis passes through the centre of the 
central edge and is parallel to AB, and whose 
Y-axis passes through the same centre, we have 
for the position of the resultant point the 
equations 

a:{W' + p) = Ikp ; and v( W' + P) = W'^^o “ P® 

We see that if H be constant — i.e. if the rider- 
path be parallel to the plane of the three axes — 
tga is proportional to the overweight kp virtu- 
ally added to the charge of the right pan ; but 
it is as well to notice that the Iga ot our equation 
is different from the {tga)^ which is brought 
about if, instead of hanging the rider on the 
(lOifc)*^ mark, we actually put»ip units into the 
right pan. Obviously 

iiga)^ =* (kp)^^ and less than iga . (5) 

With a rider weighing only 10 milligrams, and, 
say, a hectogra'm balance, the term pH in the 
denominator comes to very little, but with a 
rider of ten times the weight it (as a rule) can 
no longer be neglected ; such a rider cannot 
conveniently bo used unless H is constant and 
the rider must always hang at the balance (at 
its zero, over, say, the central knife when it is 
not used as a weight), or else the sensibility 
has one value with the heavy rider on and 
another with the rider off. Another requisite is 
that notches cut into the beam be substituted 
for mere marks, and that the rider have a sharp 
edge to give sufficient constancy of position to 
its point of application. 

From what we have said so far, it would 
appear that in a balance provided with a gravity- 
bob we can give the sensibility any value we 
may fancy. And so we can, but it does not 
follow that we can command any desired degree 
•of pncision. Because the three edges and 
bearings are not what they ought to be, and, 
as a little reflection shows, the effect of their 
defects is the same as if, say, the length of the 
right arm, instead of being at the constant 
value I, oscillated irregularly between l~\ and 
l-f\, i;^ere \ is a very small length, which 
increases when W and P increase, but is inde- 
pendent of 1. And this again is the same ai 
& \ were nil, but the charge of, say, the right 
side, instead of being at a constant value P, 
vftried irregularly from P— t to P-fe. In a 
given balance charge^ with a given P at each 
sidO < is constant, out the corresponding angle 
of deviation varies when the sensibility varies. 
Within this angle /3 the balance is, so to say, in 
a state of indifferent equilibrium. By going a 
Utftle more deeply into the matter, we easily 
satisfy ourselves tnat, even allowing for the fact 


that we cannot substitute a longer for a shorty 
beam vrithout increasing the beam -weight, swill 
increase when I becomes less. In a balance 
meant to afford a certain degree of precision, 
we cannot allow the arm length to fall below 
some (very uncertain) value of I/,. f 
A glance at eq. (2) would show, if it were 
not clear without it, that, if the three axes lie in 
exactly the same plane — i.e. if A=0 — the sensi- 
bility becomes independent of the charge, 
which is a great convenience. But h obviously 
cannot be equal to nil at all charges ; hence in 
the caee of the best instruments it is regulated 
so that it has a small negative value when only 
the pans are suspended, and, by the unavoidable 
deflection of the beam, becomes ml at some 
suitably selected medium charge, so that,jFrom 
this charge upwards, it has small positive values. 
'J'hat such a degree of precision cannot 
attained by purely constructive methods goes 
without saying ; indeed, any precision balance 
requires to be ‘ adjusted ’ before it is fit to be 
used. For this purpose the value of the h corre- 
sponding to the medium charge and the ratio 
of the actual arm -lengths V ; f' must be deter- 
mined and the errors h and corrected. 

For the direct geometrio measurement of h 
special apparatus have been constnicted, which, 
in their present form, we believe, afford a suffi- 
cient degree of precision ; but the final test 
always is (or at least was until lately) at a suit- 
able po.sition of the bob, to determine the weight- 
value E”* of one degree of deviation for a series 
of charges, say, p=0, 60, 100 grams, &o., up 
to the maximum charge which the balance is 
intended to measure ; and to at least virtually 
calculate the corresponding values h by means 
of eq. (2). Whether h is positive or negative, 
is of course seen from the values without 
calculation. Supposing now h has a greater 
value than can be tolerated, one of the knives 
must be lowered or raised until at a certain 
medium charge the three edges are as exactly 
as possible in one plane, l^st mechanicians 
provide adjusting screws for tins purpose which 
enable one to work in a systematic manner. 
Some, however (for instance, Becker & Sons, 
following the example of Doleuil), prefer to fix 
all the knives definitely and to alter the form 
of the beam itself by means of the hammer. If 
the central edge has to be lowered, the lower 
bar of the beam is struck (on both sides) ; if it 
is to be raised, the upper bar is struck, until the 
correction is presumably almost but not quite 
completely effected. The values £■“*' are then 
again determined, and if they are not suffi- 
ciently near one another, the hammering is 
renewed until the adjustment is perfect. In a 
similar manner (or by means of adjusting 
screws) the two arms are made equal to each 
other. The test here is very simple. The 
balance, after having been brought to the 
highest degree of sensibility which it will stand 
at the highest charge P, is charged with exactly 
P grams on each side. The longer arm goes 
down, and by determining the small over- 
weight which must be addpd to the other side to 
establish equilibrium, we can easily detJl’mine the 
ratio V : 2" numerically. All these adjustments 
a;e effected by the mechanician, and when once 
effected are final. Some mechanicians — for in- 
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gtanoe* the Beckers— fix even the centre of 
gravity^ but thisSs a mistake. A balance, to be 
complete, must have a movable ‘ bob ’ to enable 
the operator to give the sensibility that value 
which suits him best. What degree of sensi- 
bility khould we choose ? Answer ; In general, 
the lowert degree which suffices for the purpose 
in hand. Supposing, for instance, we can neglect 
the half- milligram, it is of no use to screw up the 
bob any higher than necessary for rendering 
the angle of deviation corresponding to 0'6 mil- 
ligram conveniently visible and no more, because 
the less the sensibility, the greater the range of 
weights determinable by the method of vibra- 
tion, the greater, as is easily shown from cq. (2), 
the relative independence of the sensibility from 
the qharge, and last, not least, the less the time 
of vibration. The time of vibration can of 
^ourse not be allowed to fall below a certain 
minimum, or else the centres of gravity of the 
charges will not be able to follow the oscillation.^ 
of the beam with sufiicient promptitude. But 
this clause, vith larger balances wi-ought at high 
precision, usually talces care of itself. The 
exact relation in a balance betu'oen the time of 
vibration i (in seconds) and the sensibility E is 
give* by equation : 

P = gj|iW + 2p]-E . . (C) 

where R is the limgth of the mathematical 
pendulum beating seconds at the place of obser- 
vation, P the total charge on one side, and k 
a numerical factor, being the momentum 
inertias oi the empty beam. With the customary 
perforated rhombus or triangle, k is very nearly 
equal to i. From the equation we clearly see that 
with a ‘ bob ’ of sufficient range we can choose 
our own time of vibration or our owi sensibility, 
but we cannot, choose both, in a ready-made 
balance. It stands differently with a balance to 
be constructed. To avoid indcfinitcness, let us 
assume that we wished to design a balance for 
weighing quantities up to 100 grama with a 
toleration of Od mgr. Let us a.ssunie also that 
we liad made up our minds regarding the mate- 
rial and the general form for the beam, and that 
we had defined the latter so that the relation 
between arm-length 1, and weight W, were in 
accordance with an equation of the form 

W = C-l-Bf . . . (7) 

where W includes the empty pans, C designates 
the conjoint weight of all that which is inde- 
pendent of I ; and B stands for the weight of tlie 
rest if the arm- length l—\. Our equation now 
assumes this form 

(' = ^j{c' + 2p + w}e . .(8) 

where p stands for the charge in each pan. 
This equation affords some guidance in the 
selection of 1. Assuming for E a value which 
renders the decimilligram just visible, and 
taking p=0, we substitute for ( the smallest 
admissible value and solve our equation in 
regard to 1. Of course I cannot be allowed to fall 
below that minimum /q (t'* 9upra) at which the 
inhetent error would rise to anything like 0-1 mgr. 
Where does this limit value lie ? Staudinger 
used to draw the line at 200, Oertljng at 180 
millimetifte, And Similar values wore adopted by 
other makers, until Bunge, some twenty- five 
JW8 Ago, showed in thei most direct manner 


I possible that a sufficient degree of oonstanoy 
can be attained with an arm-longth of as little as 
60 millimetres. Thanks to the general exeellenoe 
of Bunge’s work his short beams soon became 
very popular with chemists, and the fact that 
almost all other German makers have suice come 
to adopt the Bunge system shows that the 
additional perfection in the pivots which the 
short beam undoubtedly demands is not so 
difficult to realise as an outsider might be in- 
clined to think. Assuming this di^uUy to be 
overcome, it cannot bo denied that the short in 
opposition to the long beam does offer certain 
advantages. Ist. It is relatively light, and bonce 
the working of the arrestment is a less effort^ 2nd. 

It Is les.s liable to irrognlarities through one-sidod 
( lovation or depression of temperature. Perhaps 
we may add that, 3rd, it is easier in its case than 
in that of the long beam to make a smooth- 
working arrestment, and on this account chiefly 
it enables one to weigh more quickly. 4th, and 
least m our opinidn, it vibrates more quickly. 
Not that we value this last advantage at nothing. 
I'he writer’s auxiliary bob indeed was invents 
with the very object of remed 3 dng the corre- 
sponding defect in <he oliler form of the instru- 
ment, being originally intended to be used thus. 
In the outS(‘t, place the bob far down, say to the 
mark where 1® of deviation corresponds to 2 
mgrs. or some other value securing great rapidity 
of vibration, and establish equilibrium as far as 
thus po.ssible. Then rai.so the bob to the mark 
at which l®=0d mgr., allow to vibrate, shift the 
rider correspondingly, and verify your result. 
The wTiter, however, soon came to find this 
method less convenient than he had expected, 
and adopted another very obvious expedient. 
It is easy in any beam to bring down the time 
of vibration to the least value one could reason- 
ably wish for by screwing down the bob to the 
corresponding place. This, of course, may 
render the decimilligram invisible to the'hakecl 
eye. But why not help the eye by optica] 
means ? An ordinary lens magnifying six times 
linearly affords more than there is any occasion 
for ; only it magnifies the parallactic error as 
well, and the effort to avoid this error strains the 
eye very unpleasantly. This experience led the 
wTitcr to the following combination, which he 
found to give perfect satisfaction. A narrow 
ivory scale divided into degrees of about Od mm. 
is fixed slanting!)' to the needle pretty far down, 
yet far enough up for not obscuring the ordinary 
scale which does duty as usual ; on the other# 
hand, a compound microscope of feeble power, 
which passes through the central fixed portion of 
the front pane of tne case, is fixed slantingly to 
the pillar. The microscope has one vertical 
* wire ’ in its focus which acts as a needle. As 
the microscope inverts its images, the apparent 
motion of the wire in reference to the- scale 
(which one easily persuades himself is fixed) is 
the same in sense as the real motion of the 
needle in reference to the ordinary scale, so 
that mistakes in regard to the -f* — are 

avoided. The ordinary spale.is ^aduated after 
the micro-scale so that each of its degrees is 
equal in angular value to 10® of the latter. 
The write* some five years ago caused Mr. 
Oertling to apply this arrangement to two ol 
his balances, ana he has found it to work very 
satisfactorily. Although it was (xtiginaUy in* 
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tended chiefly for special occasions— the adjust- 
ing of weights, &c. — it is used even for our ev^- 
day work, as it was found that the microscope 
puts a less strain on the eye than the naked-eye 
reading of the ordinary scale. The micro- 
scopic arrangement described adds about 31. to 
the cost of the balance. A cheaper arrangement 
is the following. A micro-scale, divided con- 
veniently into fifth- millimetres, is fixed slantingly 
to the pillar, the needle at the corresponding 
a 

part is shaped thus, j and a hair by means 

t 

of capillary perforations is stretched out between 
a and 6 ; the hair is parallel to the face of the 
scale, and only some 0*2 to 0*5 mm. removed 
from it. A short terrestrial telescope, fixed in 
the central (fixed) part of the front- pane of the 
case, serves for the readings. The object glass 
serves only to produce an image of the scale and 
hair within the tube, which the eye-piece (a 
compound microscope) magnifies as far as neces- 
sary. As the telescope need not be perfectly 
steady, it can be fixed at a relatively low cost. 
We have used this arrangement in connection 
with one of our balances for over two years, and 
found it to be almost as good as the ono first 
described. ^ 

On the Setting up and Testing of a 
P iiEcisioN BalXnce. 

A real precision balance, to be able to do 
justice to itself, must stand on a very steady 
support, in a room where it is not exposed to 
one-sided changes of temperature. Tiio light 
should fall in from the back the observer. 
The best support, of course, is a pillar of masonry, 
standing directly on the earth. Next after it 
(in a substantially built building) comes a shelf 
fixed to the wall by strong brackets. A good 
heavy table, however, siifliccs in practice. In 
a large city the street traffic becomes very in- 
convenient in weighing. Its effect can be 
minimised by putting small pieces of thick 
vulcanised-rubber plate between the legs of the 
case and the table. In the examination of a 
newly set-up balance we naturally begin by 
seeing that the arrestment, the rider-shifting 
apparatus, &c., are in good order, we then level 
the case, and next leave the balance to itself 
for some four hours at least, to enable it to 
acquire the temperature of the room. After 
these preliminaries we proceed to the following 
• determinations. 

Determination of the inherent error «. — For 
this purpose wo cliarge the balance equally 
on both sides with the highest weight which it 
is intended to measure (a hectogram balance, for 
instance, with a hundred-gram piece on each 
side), and after having established approximate 
equilibrium at the highest degree of sensibility 
which the balance will stand at this charge with- 
out giving obviously inconstant readings, deter- 
mine the exact jwsition of rest, first with the 
two hectograms in ^he centres of their pans, 
and then, m a seriesTof successive experiments, 
with one or other of the hectograms placed 
at some point of the edge of its pan so as to 
give any non-parallelism in the axes or any 
other defect in the terminal pivots a good 
fdianoe of influencing the result, taking care to 


interpolate occasionally an experiment with the 
two weights centrally placed m order to see if 
the balancp still gives the same readings as it did 
at finit. If it does not, this is probably owing to 
external causes, such as unequal heating of the 
two arms. To be able to translate d^rees of 
deviation into differences of weight, vfe must at 
some stage make tw'o successive determinations 
of the position of rest, one vnth P' in the left 
and P" in the right pan (P' and P" stand for the 
two hectogram- pieces) and another vith, say, 
one milligram added to P". For the precise 
determination of a position of rest, we cause the 
balance to vibrate moderately, and (neglecting 
the first reading as being in general liable to 
irregularities), record 3, 6, 7 . . . suooossive 
turning-points of the needle, applying a«-|- to 
scale-jxiinls lying to the left, and a — to scale- 
points lying to the right of the zero (or v^e 
^icrsA ) ; an odd number in any case in order to 
correct for the retarding effect of the resistance 
of the air, Ac. ; those inlluences, in other words, 
through which the needle, supposing it to start 
from —4®, at the end of a double vibration, does 
not come back to exactly —4®, but perhaps to 
—3*7®. The algebraic sum of any two succes- 
sive readings gu es- the point a of the soele at 
which the needle would come to rest, in half- 
degrees^ and there is no reason why the half- 
degree should not be adopted as a convenient 
unit for the purpose in hand. Supiiosing the 
readings to be 

«1 od «5 

(Example) -f3-7 -2-7 +3-5 -2*4 -f3*6 
we have for a the values : Oi + o^^-fl-O; ttj+aj 
— -fO‘ 8 ; oj-f 04=-f M ; a4-j-05= + l'l — Mean 

I =- + 10. 

! 'J’he moan value of the fopr results is put 
down as the value of a. Supposing a, through 
the addition of A milligrams to the rignt 
charge to increase by n domi-degroes, then 

E ~ -( == 2 ‘ E ’ in the sense of our equation 
(2) ) is the sensibility in doi^-dogrees ; and its 
reciprocal 2E ' ‘ ’ equation (2)j 

the weight-value of the demi-degreo in milli- 
grams. Supposing the values for a obtained 
with abnormal positions of the charges to be 
«]» « 2 » 03 > instead of the mean value Gq, 
corresponding to the centrally placed charges, 

I then (a®— ai)E-‘=t;i, (oo— &o., give 
I each a value for the inconstancy of the balance 
in milligrams (or rather fractions of a miUi- 
ram, it is to be hoped). According to a rule 
educed from the law of frequency of error, the 
computation 

• • • •) 

whore all the v’s must be taken as positive, 
gives the ‘ probable * weight- value of the devia* 
tion of any one a from a^, meaning that value of 
(a®— a)E-* which, in a very large number ot 
determinations, is as often exceeded as not 
reached. But in practice the number of deter- 
minations made is never sufficiently great to 
bring out anything like a close approximation 
to the law, and it suffices to take r as being equal 
to 0'845 times the mean of all the values e, and 
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adopt it as aalBoiently near to the theoretical * 
The probability tlfkt, in a given case, 
exceed* , 

2r 3f 4f 5r 
is O'] 8 0 04 0 007 0-0007 

respectively. 

In thefte determinations, if the balance lacks 
a micro.scopio reading arrangement, it is as 'well 
to read from a distance with a telescope, to avoid 
the parallactic error which we have no right to 
charge against the balance. 

Determination of A. — All that is necessary is 
to determine the weight value of one degree in 
the sense of equation (2) for, say, pa=100, 75, 
60, 25, 0 grams, and to calculate the corre- 
sponding values h. In a good balance h is so 
small »that (supposing our rule regarding the 
adjustment of the bob to be followed) the sensi- 
bitity remains almost constant from p=0 to 
pssslOO grams. Hence, practically, it sufficed 
to adjust the bob so that at a convenient average 
charge (where ‘ average ’ refers to the most 
frequently occurring values of p) one demi* 
degree corresponds to say ^ or ^ of a milligram 
eractly, and then to see what it is at other 
charges. If there is no Sufficient constancy we 
enter the values E-‘ found on a system of rect- 
angular co-ordinates in function of the charges 
p, and draw the nearest curve to the points. 
This curve (if h were absolutely constant) would 
be a straight line. In any case it supplies the 
data for & table of values for E-^ This table, 
however, must not be relied on in standard 
weighings, because the value h is subject to 
changM, idi this reason amongst others, that the 
agate of the knives has a different coefficient i 
of expansion from the metal of the beam. 

The arm-lengths. — For the determination of 
the ratio of thfi arm -lengths, the orthodox 
method (for a hectogram balance) is to adjust tw;o 
hectogram-pieces to exact equality, and, after 
having established equilibrium, to put one into 
the left and the other into the right pan, &c. 
But in practice the follo^v^ng method is better. 
Take any two fairly well adjusted hectograms 
and viewing them, one as a standard representing 
100,000, the other as an object weighing x milli- 
grams, go through the ordinary operation of 
weighing once with the object in the left pan and 
the standard in the right, and once the other way. 

Supposing (using S as a symbol for 100,000 
milligrams) we find 

xr «(S-f »,)i" .... I 

xr«(s + M' • • • -n 

(where any 5 may be negative), we have by divi- 
sion of I by 11, and subsequent multiplication 
with 1" : r, « j . 

1 -I- 

VPj S + Sj 11®* 


whenoe» as a sufficient approximation. 

No maker who has a name to lose would 
care to send out a precision balance in which 

1— L is fhore than ±0-00005 at the outside, 

* f 

although for any scientific purpose a considerably 
greater error could be tqjerated. The corre- 


I spending adjustment indeed, while of the first 
importance in commercial balances, in precision 
balances is in a sense irrelevant. 

Unequal-armed Le^b Balances. 

(1) The steelyard err Roman balance. — In it 
only the shorter arm (of the length 1) bears a 
pan ; the longer arm, by notches cut into its 
back, is divided into parts of equal length, I 
being the unit. The working points or lines of 
the notches should lie in the plane of the two 
edges, being s« many bearings for the knife-edw 
forming part of a sliding weight adjusted to r 
units. The unloaded balance is in its position 
of rest when the beam stands horizontal. To 
weigh a body, it is placed in the pan and the 
sliding weight shifted forwards from notch to 
notch until (when the weight hangs at the 
distance nl from the axis of rotation) the beam 
is again at rest in its horizontal position. We 
I then have for the weight sought 
xl—nlP or x=nP. 

As fully explained above, the principle of the 
steelyard is discounted in the modem precision 
balance for the determination of small differ- 
ences of weight. In theory there is no objection 
to its extension to the determination of weights 
generally, but the technical difficulties to be 
overcome are gfcat. On an equal-armed 
balance, whose beam is divided into 100 equal 
parts (from end to end), all weights from 0-0001 
to 100 grams might be determined with three 
riders weighing half of (100, 1, and 0-01) gram 
respectively, but the realisation of 101 exact 
pivots is no small matter. Where relatively 
high precision is aimed at, it is better to provide 
only a small number of notches (say 10) and 
have a set of riders, weighing say 10, 1, 0-1, 
0-01 grams respectively. The specific gravity 
balances of Westphal of Olle, are made on this 
principle. It strikes us that the steelyard 
principle might be discounted for the decimal 
subdivision of weights, thus : 

Imagine a precision balance whose two arms 
measure 101 and 111 units. 10 grams placed 
in the pan of the longer arm are balanced by 
10-f 1 grams placed in that of the shorter ; hence 
a 1-gram piece may be adjusted after two exact 
10-gram pieces, &c. 

The tangent balance hag only one short arm, 
from which the pan is suspended ; its centre of 
gravity lies low, so that the momentum staticum 
Ws of the beam assumes a high value, and even 
a considerable weight placed in the pan produces 
only a moderate angle of deviation. The needle 
moves along a circular limb divided so that 
the readings are proportional to the tangents of 
the respective angles of deviation, and give the 
corresponding weights directly. The equation 

{see equation (1), above) holds theo- 

I t 

retically for any value A, but the an^lar 
deviation corresponding to 1 gram of additional 
charge becomes less and less as the charge in- 
creases. The tangent balance, though useful for 
the rough weighing of letters, parcels, Ac., is not 
available for exact gravimetric work. 

Compound Lever Balance*. 

In all these, practical convenience and rapid 
working are gained at the expense of precision. In 
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the Mc^erval balance the pans are above the 
sptem of levers (which as a rule is concealed 
in a box), so that tnere 
is room for bodies of 
even large dimen 
sions. Our diagram, 
Fig 8, is intended to 
explain only the prin- 
frpk of the machine, 
which in practice as- 
sumes an endless 
Fia. 8. variety ^ forms. 

The beam consists of two parallel vertical 
parallelograms of which only the front one is 
represented in our figure, r and / fand f* and 
f’ in the other parallelogram) are fixed pivots, 
A, B, a and h (a', b', a\ b\ behind) are movable I 
joints. On each side a horiz.ontal bridge con-' 
nects a point d on the vertical side xa (and a 
similar point on b/>) with a corrosjionding point 
D' on the back parallelogram (so that, for in- 
stance, Aa, A'a', TDD' form one piece) and, 
from the centres of these bridges, vertical rods 
arise which support the pans. Supposing each 
pan to bo chaiged with P pounds, the centic 
of gravity of either of these two equal charges 
may lie in any of a great many positions about 
the respectiv^e pan, yet the statical effect is the 
same as if it wore concentrated, one in the centre 
of the one bridge, and the otl^r in the centre of 
the other ; the two charges will balance each 
other, because, if the centre of gravity of one 
descends by h mm. that of the other rises by 
h mm., so that the work PA is the same on both 
sides. An over- weight added to one of the 
charges will bfing dou-n that side. The bars 
AB and a'b' are relatively heavy beams, the 
lower bars ah and a'h' are light. Hence it 
depends chiefly on the di.stribution of the mass 
in the beams ab and a'b' v hether the balance 
(if nearly equally charged) has a definite posi- 
tion of rest : but even if it has, it will never 
vibrate like an ordinary balance, on account of 
the great friction in the numerous pivots. If it 
could only be cured of this defect, the Roberval 
would be the ideal balance for- the counter or 
ordinary weighings in the laboratory. This 
problem has been to some extent solved in the 
torsion balance of Springer, in which the axes 
are realised in stretched out horizontal bands 
of elastic steel, which act, so to say, as knives 
and bearings in one. 

The ‘ torsion balance ’ is made ^ in a great 
variety of forms, but the principle of construction 
«ii the same in all. The following description is 
based upon the examination of ^^Tlat was sold as 
a high-class pair of counter-scales for loads up 
to ^ lbs. As shown by Fig. 9, the balance con- 
sists of two parallel beams united into a flexible 
parallelogram by means of three vertical frames, 
the bond of union in the case of each frame con- 
sisting of two horizontal bands of elastic steel, 
wWch bridge ov^r certain gaps of the frames, 
the middle portion of each band being firmly 
united with the respective beam end at its lower 
Bide by means of a screwed-on block of metal. 
In this instrument th^ beams measure 290 mm. 
from end pivot to end pivot, the steel bands are 
6-6 mm. broad and 0*49 nim. thick ; the length 
of the working peril of a band is 68 «nm., 29 on 
» By-theTnreionBalanceand Scale Company, 92Eeade 
l!I«w Yolk, 

VOL. t— f . 


each side of the beam. The middle band lies 
below the plane of the two ehft bands by about 



Fig. 9. 


2 mm. The central frame, which does service as 
a pillar, is fixed to the sole of the instrument, 
the end frames are fixed only to their respective 
beam ends. Fig. 10, which is drawn to scale, 



represents one of the end frames. The two steel 
bands of each frame, though independent of each 
other in their action, are really parts of one 
continuous band which is wound tightly round 
the edge of the frame, the ends meeting in 
B or b', where they are, we presume, riveted on. 
To give them the requisite degree of high tension, 
the frame, of which part of the ri^t side ia 
movable, is stretched laterally (by means of pegs 
fixed to the two sides of a vice and slipped 
through the two holes of the frame) and the gap 
which is thus produced between the two halves 
of the right side of the frame is made permanent 
by means of metal plates wedged into it. The 
central frame is somewhat differently shaped 
from the lateral ones; the upper ring, r, is 
omitted, to enable the upper beam tb pass freely 
through between the legs of a stool fixed to tlie 
lower and terminating in a vertical feg which 
serves as a needle and carries a globular gravity 
bob. The bob, which in the case of the balance 
under consideration weighs 468 grams, ♦,€. more 

* O T 
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th9,n a pound, can be raised or lowered to enable 
the eensibility of' the instrument to be varied 
The system of beams is inclosed within a case 
of plate-glass ; the top plate supports an arch 
made of a metal tube from which an ivory scale 
graduat^ on both sides is suspended vertically 
so that its lower edge runs through a notch in 
the upper sharpened end of the needle to enable 
the vibrations to be read from cither side. 

To explain the working of the instrument, 
let us for a moment substitute for the steel bands 
so many linear wires, which, though imbendable, 
offer no resistance tp torsional disfigurement. 
The torsion balance thus modified is in thc'ory 
identical with the ideally perfect ' Rob-rvnl,’ 
and,^ if the centres of gravity of the beams 
are in their axes of rotation, the parallelogram 
will in a state of indifferent equilibrium at 
any shape which it may assume. To give it a 
fietinite position of rest, we must cither shift (let 
us say one of) the centres of gra^ ity vertically 
downwards, or el.se we must endow our ideal 
wires with torsional elasticity, which, of course, 
brings us back to the actual instrument. But 
the torsional elasticity of the steel bands is very 
considerably more than we want ; its effect on 
the sensibility is the same as if (supposing the 
upper beam is suspended at its centre of gravity) 
that of the lower lay at a very considerable depth 
below its axis of rotation. To give the balance 
a sufficient degree of sensib.Iity, we must raise 
the centre of gravity of say, the lower beam, 
until the stability of the jiosition of rest is reduced 
to a sufficiently small value. In the actual in- 
strument this is effected by means of the heavy 
gravity bob above referred to. 

The principal advantage claimed for the 
torsion-balance, in contradistinction to the 
Roberyal balance, is its freedom from friction ; 
and this advantage it undoubtedly possesses, but 
it is compensated for to a large extent by the 
unavoidable viscosity in the elastic bands. The 
instrument described above, when equally 
charged on both sides, and with the bob siifli- 
ciently far down, vibrates like a precision balance 
of a high order ; the position of r(!.?t as calculated 
from a series of coujiles of successive deviations 
of the needle, is remarkably constant, up to at 
least a charge of 5 kilos, on each side ; but once, 
when we determined the sensibility at first with 
no charge, then at a charge of 2 kilos., and lastly 
for a ohargo of 6 kilos., and then redetermined 
the sensibility of the unloaded instrument, we 
found that it was out of equilibrium to the extent 
of more than a decigram. We also found that 
the reading of the balance is not quite indepen- 
dent of the position of the loads on the pans. 

The ordinary decimal balance, as used for weigh, 
ing heavy loaas, is a combination of levers as 
shown in Fig. 1 1. a, b, c, d, e, f, g, h, are all joints 
or pivots ; a 


and h rest 
on the fixed 
framework of 
the machine 
and oonse* 


ff h 


._sJ 

r 

6 


—Z 

w 

// 


i 

1 


directly on _ 

the grovnd, 

c rests on the lever ah. In the actual machine 
cd supports the bridge which accommodates 
the load, while a pan suspended at / receives 


the weights. The pan is so adjusted that it 
coqpterpoises the bridge. Suppose the load 
amounts to P units and its centre of gravity 
lies vertically above ♦ ; a portion Pc presses on 
the knife-edge at c and the rest = P— Pc pulls 
at d and with the same force at g. Now Pc pull- 
ing at c is equivalent to a loss force bPc pulling at 


, and bPc . at — Pc . ac, whence bPo *=P® But 

ao 

iPe pulling at h or e is equivalent to a greater 
iorce pPc pulling at g and ^Pe- g'/i==bBc . eA; 

hence ^ • bPc== ^ . Pc. 

* yh ^ yhab 


'Phe dimensions are sc adjusted that ^ “ 

wlu'iico hence the joint effect of 

Pc and P,i at g is the same as if they both, i.e. 
P, were suspiMuled at g ; and if, for instance, gh 
is of A/, 1*5 P units in the pan will balance 
the P units lying' on the bridge. In many 
balances of this kind the long arm lij is divided 
so that les.ser weights can be determined bj 
means of a rider. 


Elasticity Balances. 

Imagine an elastic solid body — beam, wire, 
spiral, &c. — to bo lield last in one or more 
fixed points, and suppose some one other point 
a to be ii.sed n.s a pivot for the suspension 
of a load of P units. Point a M'lll sink until, 
at a certain depth A, the strain developed by 
the deformation of the working body balances 
that weight P. As long as the working body is 
not stretched beyond its limit! of perfect elas- 
ticity, the length A, if not proportional to, is at 
least a fixed function of P ; hence the path of 
a can be graduated, at least empirically, so that 
each point of the scale corresponds to a fixed 
number of units of weight, 'this is tlie general 
principle of the multitude of sprmg balances. 
Sometimes a relatively strong spring is used to 
effect only a small displacement of a even with 
the highest charge, but this displacement is 
then multiplied by a system of lovers, so that 
the least difference of weight which the balance 
is meant to show becomes visible. In a very 
neat kind of spring- balance, which has become 
popular, the di.splacemerit of a is, by means of 
levers and a toothed wheel, translated into the 
circular motion of a needle which moves along a 
divided circular limb like the hands of a clock 
on their dial. 

JoUy constructed a quasi precision spring- • 
balance for sp.gr. determinations thus : — A long 
spiral of wire is suspended vertically in front 
of a vertical millimetre-scale, etched on a strip 
of plate glass which is silvered behind, so as to 
avoid the error of parallax. From the lower end 
of the spiral a light pan is suspended ; the index 
is close above the pan at a convenient point. 
The instrument has never come into general 
use, because any second-class precision balance 
boats it in every sense. A similar remark 
applies to an ingenious little instrument invented 
by Ritchie for the determination of minute 
woiglits. 

Ritchies balance consists of a very light 
beam whos^ axis of rotation passes through its 
centre of gravity, and which is firmly united 
with a thin horizontal wire which lies in the 
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axis of rotation. The hind end of the wire is 
absolutely fixed to the stand; the front %nd 
forms the continuation of the axis of a circular 
pin revolvablo within a circular bearing. A 
needle fixed radially to the pin points to a 
divided circular limb. The empty balance is so 
arranged before use that the beam when hori- 
zontal is at rest. To determine a small weight 
(x mgr.), it is placed in, say, the right pan, and 
the wire turned from the right to the left by 
turning the pin until after the needle has passed 
through a degrees (where a may be more than 
3fi0®) ; the beam is again at rest when horizontal. 
We then have a: = const, a. The constant must 
be determined by experiments with known 
weights. Sartorius of Gottingen used to apply 
the Ritchie arrangement to his precision balances 
for the determination of differences of weight 
from 10 mgrs. downwards (Bibl. 6), but he has 
long since given up the notion : at any rate it is 
no longer to be seen in his price list. A Ritchie 
balance might perhaps do well for the adjusting 
of small weights, but a small precision steelyard 
would work infinitely better. 

Sartorius’ combination, if providi'd with a 
relatively strong wire, might make a handy 
instrument for the rapid (approximate) deter- 
mination of weights without the use of any 
standard mass less than 1 gr^m. 

The Hydrostatic Balance 
IB a hydrometer provided with a relatively large 
body and a narrow neck, and so adjusted that it 
weiglis considerably less than its own volume of 
water. The t6p end of the neck bears a hori- 
zontal table, which serves as a pan, or, what is 
better, is provided with a horizontal system ot 
cross-bars, from whoso ends a pan is suspended 
by means of wires or chains, below the shelf 
supporting the vessel containing the floating 
hydrometer. A certain weight P, placed in the 
pan, brings down the hydrometer so far that the 
surface of the water touches a certain mark on 
the stem. If an unknown weight x requires to 
be supplemented by standard weights equal to p 
units, to produce the same effect, a;-f-p=P, or 
x=F—p. Even for P— let us say 2 kilos., the 
neck need not be thicker than an ordinary 
knitting needle, so that the milligram, as a differ- 
ence of weight, becomes perceptible. Wherever 
a precision balance has to be extemitorised 
this instrument is useful ; but it has no other 
raison d*itre. Indeed of all the multitude 
I of machines winch the science of mechanics 
places at our disposal for the measurement of 
weights, the cqual-ariiied lever-pendulum is the 
only one which, so far, has worked satisfactorily 
for precise gravimetric determinations. 

A balance based on dynamical principles has 
been proposed. Imagme a penduiura provided 
with a shiftable bob above the fulcrum, and 
carrying a pan attached to the bottom end of the 
rod by a hook-and-eye. In a given instrument 
the time of vibration is a function of the distance 
of the bob from the fulcrum, and of the weight x 
of the object in the i^n, and consequently the 
weight a; is a function of the other variables. 
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On Hjohly Refined WEiarimo. 

Introductory. — In the late Professor l)ittlfiar*8 
article {vide supra), typical forms of the precision 
and other balances liavo been considered : 
the theory of the balance and the conditions 
nece.ssarv for accurate work in general, have also 
been duly treated. In the present article, it is 
therefore unnecessary to add more than a con- 
sideration of some ('X(;eptional, but absolutely 
indiaponsablo, precautionary measures adopted 
when we desire to reach that wliich some may be 
inclined to term an ultra-degree of refinement 
of weighing. 

This article is based cliiefiy upon results 
obtained during two researches, which, for 
successful issue, demanded more than usual 
care. The subject was of necessity studied 
from the severely practical point of view ; and 
few, if any, of the remarks that follow have their 
foundation in pure theory aloj^. The following 
points are severally discussed : — 

(1) The Balance Room. 

(2) The Balance Table. 

(3) The Levelling Screws. 

(4) The Scale. 

(6) The Illumination of tlic Scale. 

(6) Of pos.sible Variations in the Level of the 
Bench. 

(7) The Telescope and its Carriage. ' 

(8) Of the Necessity fur Fatiguing the Beam. 

(fi) Device for Maintaining Uniformity in the 

Temperature of the Beam. 

(10) Temperature Goefiieients of a Balance. 

(11) Suppression of Air-Streams about the 
Pans. 

(12) Ooncerning the Wiping of Glass Vessels. 

(13) Of Certain Precautions to be taken in 
Weighing Glass V easels. 

(14) Determination of the Pressure Co* 
efficients of Glass Globes. 

(16) Of the Different Methods for Weighing. 

(16) Errors attending the Weighing of Hot 
Bodies. ^ 

(1) The Balance Room. — ^The balance room 
should be upon the basement : and in selecting 
it, the choice should fall upon one having a north- 
easterly aspect: for 'then comparatively lit^ 
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direct sunlight can enter the window even during 
midsummer. A ary, airy cellar is an almost 
ideal room for a balance that is to used for 
highly refined weighing. But in either case, 
and particularly so in the latter, the variations 
in the^teraperature of the air within assume 
minimunf values ; this is frequently of great 
import. For a series of weighings, no weather 
is so favourable as that which prevails when the 
sky is overcast and wind absent. 

(2) The Balance Tahlc . — For work of supreme 
accuracy, it is imperative that the balance be 
placed upon a massive pillar of brickwork or 
stone : and this should rest upon a foundation 
sufficiently deep to guard against all local 
vibrations. Tlie flooring should not have direct 
contact with the pillar ; otherwise vibrations 
may readily pass from the ff)rmer to the latter, 
sfcid so to the balance. An excellent plan is to 
cap the pillar with a rectangular block of slate : 
this may have a thickness of from 1 to inch. 
The slate should be closely cemented to the main 
block, and have its upper surface as far as 
possible truly plane I’he slate, freed from all 
grit and dust, is covered either with a single fold 



Fig. 12. 


of white linen or with white blotting-paper : and 
upon this IS placed a sheet of thick plate glass, 
some 2 or 3 inches shorter and narrower than the 
slate. The paper or linen serves a twofold 
purpose : first, it acts as a necessary and con- 
venient pad between the glass and slate ; and, 
secondly, it secures for the worker a permanently | 
white surface which renders even small objects 
sufficiantly conspicuous. Near each corner two 
holes are drilled m the slate, for the reception of 
wooden pins having rubber covered heads. 
The positions of these are indicated in Fig. 12. 
The pins guard against any accidental displace- 
ment of tne glass. 

(3) The Levelling Screws . — With the above 
described bench, we may with advantage dis- 
pense with the brass shoes commonly employed 
for the levelling screws. When this course is 
adopted, the screws at their lower ends should 
terminate in highly polished spherical surfaces 
of low curvature. At those points where the 
screws have contact with the glass, a little oil is 
applied j medicinal paraffin oil is, on account of 
its non-liability to thicken, admirably suited 
for the purpose. The base of a balance thus 
mounted^ readily adapts itself to modified con- 
ditions Resulting from changes in temperature ; 
and inherent stresses and strains are very little 
if at all affected. 

<4) TIU Scale . — In some balances the scale 


divisions have an excessive length and breadth. 
Long lines produce on apparent narrowing of 
the contained spaces ; and this increases the 
difficulty, already sufficiently great, of correctly 
estimating the turning position of the pointer. 
Again, a broad line is in general a very con- 
.siderablo fraction of a division ; it is not easy 
to allow for this, and possibly the matter is 
sometimes overlooked. These two imper- 
fections arc reduced to insignificant proportions 
as follows : — 

The slip of ivory is detached from the pillar, 
and the scale completely removed by lightly 
rubbing the ivory upon a very fine and large 
flat file ; the slip is then re-polished, and a new 
scale in millimetres engraved upon it. The 
engraving tool rau.st be capable of producing the 
finest of lines, and these are lightly drawn. 
The divisions, which may have a length of 1 mm., 
are rendered distinct by the momentary applica- 
tion of an etching pen charged with Indian ink. 
The ink readily runs along the whole line ; 
occasionally a line may appear a little irregular ; 
but after the ink has dried, any unevenness may 
be remedied by gently re-polishing with a flat 
pad. Fine sharp lines may often be secured by a 
partial filing down of the original scale, and the 
ix'^iuisite shortness by a complete removal of the 
lowi'f portions of ^hc lines. During the process 
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of shortening a straight-edge is used, not only 
as a guide for the file, but also as a protector for 
the portion of the scale to be retained. 

As the scale is invariably viewed through a 
I telescope, which inverts the divisions and 
I reverses their order, additional convenience is 
gained and possible confusion avoided by 
numbering principal lines as shown in Fig. 13. 

(5) The Illuminaiwn of the Scale . — ^Weighings 
should bo carried out in the absence of da^ght ; 
for unless the light from the window falls upon 
the balance in a perfectly symmetrical manner, 
and in general it is difficult to ensure this, the 
radiant energy absorbed by one part of the,, 
‘instrument will differ in quantity from that 
absorbed by another ; this in itself would be 
immaterial, provided the ratios of the several 
quantities remained constant ; but direot 
experimental evidence reveals fluctuations in 
these, and therefore corresponding variations 
in the zero or resting -point, R.P., of the beam 
follow. By using artificial light, wo can 
eliminate this particular source of error. The 
following device leaves little to be desired : — 

A glass globe having a capacity of some 10 or 
12 litres, is filled with a„ dilute solution of po- 
tassium chromate and placed upon a shelf 
I erected above the reading telescope. A glass 
I tube, sealed at its lower end and containing ui 
electric lamp, is placed centrally within the 
liquid : the light is then, by means of a 
convex lens, concentrated upon the scale behind 
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the pomter, and upon that alone. Ample 
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illumination is thus secured ,* furtlier, the liglit 
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is practically free from heat rays, and owing to 
its monochromatic nature, the scale as seen 
through a correctly adjusted telescope is 
sliarply defined. In iig. 14, the relative positions 
of the telescope, lamp and lens are shown. 

(()) 0/ possible Variations in the Lev^ of the 
Bench . — An error which is readily overlooked, 
is that oi-iginating in variations in tile level of 
the balance tabic. Observable changes may 
((iiickly follow a sudden rise or fall in the tempera- 
( ure 01 the room. Usually of a transitory nature, 
they arc at times particularly noticeable and 
definite in a bench supported by wall brackets 
fixed above hot water pipes. The variations are 
probably due to minute deformations resulting 
from inequalities of temjicraturo. In connection 
with rei.ncd we'ghm^, it is obvious that some 
I Ian must be adopted lor detei ting and nfl‘«aur- 
ing such vai latioiis. We have used w ith success 
the following simj le form of tiltomct w. • 

At one end of a glass tube T, Fig. 16, having 
a diameter of 3 cms. and a length of some 
3 or 5 cms, greater than that of the balance 
pointer, a short capillary is formed ; the other 
end is ground so that its containing plane is at 
right angles to the axis of the tube. Next, a 
short piece of platinum wire Wj, having a 
diameter of 0-6 mm., is, by means of*gold, 
joined to one end of anotlicr platinum wire w„ 
havmg a diameter of 0-05 mm., and a length 
some 3 cms. less than tliat of the tube ; the 
free end of the fine wire is soldered to a small 
eyiindrieal weight Y, heavy enough to keep the 
wire taut ; tlic resultant plumb-line is then 
introduced info the tube and the thicker wire 
fused into the capillary at the top. Any error 
in centring is remedied by a suitable bending 
of the wire w^. A short scale, S, mounted upon 
a half-cylmdcr of boxwood, is fixed within the 
tube, so that its distance ff§in the point of 
suspension of the fine wire equals the length 
of the balance pointer. The scale consists of 
5 very small dots instead of lines ; and the spaces 
they mark off are equal to the corresponding 
spaces of the scale behind the pointer ; they are 
with advantage numbered aad lettered accord- 
ing to the plan shown in Fig. 2. Vibrations of 
the plumb-line resulting from a necessary or 
accidental disturbance of the instrument, are 
quickly damped by oil in the vessel V. The 
tiltometcr is completed by mounting the tube 
upon a rectangular base of thick plate glass ; 
the widtli of this base is somewhat loss than that 
of the balance ease, but the length is some 
!i or 4 inches greater. To the lower surface of 
the base are attached, by means of Canada 
balsam, 3 steel balls, and these are so disposed 
that when the instrument is in silUt each ball 
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i$ in close proximity to a levelling screw of the meter relatively to that of the balance, is shown 
balBpnoe. The position occupied by the tilto- in Fig. 16. When yorrectly adjust^, the scale 
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of the instrument and that of the balance pointer 
are in one and thccsame horizontal lino, and they 
are contained by a vertical plane common to 
both. 

With the tiltometcr placed as indicaU'd, it 
is evident that any vertical movements of the 
levelling tjerews resulting from a flexure of the 
bench, are also imparted, and in the same degree, 
to the tiltometcr. Such movements, provided 
they are strictly equal, arc not detrimental, and 
thev pass undetected ; but unequal flexures effect 
a cWnge in level ; and any aiiproeiable change 
taking place along a lino joining the two eiubs of 
the balance case, is recorded and may be 
measured by the tiltometcr. 

The tiltomeb'r tube is protected by surround- 
ing it^with a metal guard, the base of which is a 
heavy brass ring ii ; this ring is previmted from 
being easily moved by smearing its under suifacc 
vnth resin cerate. The tube and its guaid have 


no direct contact. For a series of weighings 
we iproceed as follows : — 

The telescope is first brought opposite the 
tiltometer and the position of the plumb-line 
determined with the aid ,of the micrometer. 
Next, the telescope is moved along until the 
scale behind the pointer appears in the field of 
view ; the weighing is then carried out with all 
due precautions. Lastly, the tiltometcr is 
re-observed : if the former and latter readings 
are identical, and they rarely differ within so 
short a time, the data for the weighing may be 
accepted ; otherwise the experiment is rejected 
and a new one undertaken. When carrying out 
a new weighing at a later hour or on another 
day, the tiltometer reading may bo slightly 
larger or smaller ; but given an accurate know- 
ledge of any such uifferenoe 5, the new weighing 
IS ea.Hily ri'duced and made strictly comparable 
with th(‘ fiist, by the addition of dtS to the 
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second value obtained for the resting point, 
R.P., of the beam. 

(7) The Telescope and its Carriage — For 
observing the vibrations of the pointer, the best 
and most convenient plan is probably that in 



Fig. 17. 


which the telescope is mounted upon a firm 
bench aJbA distance of approximately 2 metres 
from the balance. In order that the pointer as 
well as the tiltometer of the preceding para- 


grajih may bo readily and successively viewed, 
the f-elcscope is placed upon a carriage having 
for its guide, a V-groovo cut at right angles to 
the line of vision os shown in Fig. 17. The 
carriage has three supports ; two consist of brass 
balls, which rest in the groove : one of those b 
is seen in the figure. The third support is a 
broad wheel w of boxwood. Easy and smooth 
movement is ensured by lubricating the groove 
with tallow. In order that the tiltometer 
{vide supra) may be read with accuracy, the 
eyepiece of the telescope is fitted with a hori- 
zontal micrometer graduated to O'Ol mm. 

(8) Of the Necessity for Fatiguing the Beam , — 
Although from the practical po^t of view, a 
balance beam may in itself be perfectly in- 
llexiblo, it is as yet impossible to so incorporate 
the knife edges that they and the beam shall 
constitute one absolutely rigid whole. On 
releasing a loaded beam, the consequent stresses 
bring about slight relative movements of the 
several knife edges and their screws. Such 
movements frequently affect, although in minute 
degree only, the ratio of the lengths of 
balance arms. The time required for their 
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completion varies not only with the halanco, 
but also with the load, and it may range from 
few to many minutes ; but, in general, a prtriod 
of from 10 to 15 minutes suflices. Now, from 
the above, it will bo evident that no weighing 
can be of definite value, unless the knife edges 
have already assumed truly normal positions ; 
and in order that they may do so, the balance 
must be jaiifpied. This simple operation 
consists in allowing the beam to vibrate, for 
an appropriate time, after the pans have been 
loaded and tlio weiglits adjusted for weighing ; 
the beam is perfectly fatigued when successive 
R.P. determinations agree. Having reduced 
the balance to a normal slate, the actual weigliing 
is undertaken ; and for this the crank handh' 
is first cautiously turned, so tliat without in 
any way relieving the instrument of its load, one 
of the arrestors is momentarily and very gently 
made to lift its pan and thus cause the beam to 
re-oscillatc. Several vibrations having passed 


unrecorded, the usual observations for the 
determination of the R.P. are carried out. The 
above remarks concerning fatiguing, are equally 
applicablejn the case of an ‘ unloaded ’ balance. 
In Fig- 18 we have an illustration typical in 
character and magnitude, of initial knife-edge 
movements. The curve there shown, ^and in 
which successive R.Ps. are graphed against 
corresponding time intervals, represents the 
results of an experiment with a highly inflexible 
beam of the cantilever form. 1’he movements, 
at first of an oscillatory nature, die away, 
and finally the R.P. acquires a constant 
value. 

If for any reason the loaded beam is arrested, 
the balance must again be fatigued before a final 
weighing is proceeded with. When it is neces- 
sary to readjust the position of the ridei^upon 
the fatigued beam, the ojieration may be carried 
out without detriment, by first slowly raisiiig 
the pan arrestors until they are in such a position 
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that, although they do not support the loaded 
pans and so relieve the beam, they reduce the 
vibrations to a very small amplitude. 

(9) Device for maintainm^j Umformity in the 
Temperature of the Beam , — If a differential 
bolometer is arranged within a balance case, 
BO that its two resistance coils are separated by 
a distance equal, say, to the length of the beam, 
it is easy to show that small and rapid fluctua 
tiona in the temperature of the air are con- 
tinually taking place, even when the case is 
closed. On lifting the shutter, the fluctuations 
become more marked, and during the loading 
of the pans they are, comparatively speaking, 
quite violent. A pair of sensitive morcury-in- 
glass thermometers similarly placed, naturally 
fail, on account of their sluggishness, to indicate 
variations in temperature ; they show a mean 
value only. In order that the highest degree 
of precision may be attained, it is imperative 
that the temperature of the air enveloping the 
beam should remain for at least some time, 
both before and during the process of weighing, 
strictly uniform. 1’he required uniformity may 
be ensured by the device illustrated in 
Fig. 19. 

As may be seen, ,we have here, in addition 
to the usual balance case, a small inner auxiliary 
chamber which completely encloses the beam. 
The base plate c, a, of this chamber, is of 
aluminium, having a thickness of 2 mm. or 
more ; it is suitably slotted and perforated lor 


the passage of the pointer ani hooks by wliich 
the pans are suspended. The ends E, F, are 
conveniently made of well-seasoned mahogany, 
having a thickness of 1cm. The front, back and 



also the top oi the chamber, are of 8-10 mm. 
thick plate glass. The front of the chamber 
may be removed and the beam th^ rendered 
accessible, after dropping the holders k. 
Discs r, s, t, of thin aluminium, are fastened to 
the pointer and pan hooks a little below the base 
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plate ; these screen the apertures immediately 
above them. Wi^n placed within the auxiliary 
chamber, a differential bolometer recording 
variations as small as C. remains quite 
unaffected, ev(‘n during the loading of the pans. 
The decided advantage held by the protected 
over the unprotected beam is very well shown 
in Fig. 20. The groups a, h are the bolometer 
records obtained when, using 9 weights, one of 
the pans was loaded and unloaded six times in 
succession. During the experiments, the position 
of the bolometer near the beam remained 
unchanged. 1 

(10) Temperature Coefficients oj a Balance . — 
Other conditions being constant, the R.P. of a 
beam will, in general, vary simultaneously with 
the temperature ; tluTefore, unless the balance 
is tlnyrmostatically controlled, we must know 
with considerable exactitude tho temperature 


coefficient k of the instrument. The value o| h 
will vary with the balance and also with its 
load ; but for a given balance, the several values 
of k for different loads may be determined as 
follows 

Commencing at an eaVly hour, when pre» 
Bumably the temperature of tho room is at its 
lowest, and with the pans as tlie only load, tho 
beam is released and duly fatigued ; the R.P. 
is then found and the thermometer in close 
j)roximity to tlio beam read. Using hot-water 
jiipes, an electric radiator, or a gas-fire, the 
temperature of the room is next raised by 
about 2® C. ; a little later the R.P. is re-deter- 
mined and the thermometer within thS balance 
case read a second time. Proceeding in this 
way step by step, a total range of temperature 
of some 10® or 12® C!. is covered. Finally, the 
room is allowed to rcassume its original tempera- 



' ture, or approximately so, and a last determina- 
tion of the R.P. for this series made. If the 
first and last members of tho series arc in agree- 
ment, the R.P. values for the higher Imipera- 
turos should be rtiliable. From the data thus 
obtained^ a temperature coefficient curve is 
now prepared by plotting the R.P. values against 
those for the corresponding tcraporatures ; the 
resultant graph enables us to discover the true 
R.P. for any temperature failing within the 
experimental limits and for the particular load 
employed. (In tliis case, the so-called zero 
load.) Extrapolation should never bo resorted 
to for A may at any other Umiperaturo assume 
a distinctly different value ; its sign may m en 
be reversed : and so it, from being an additive, 
may become a subtractive quantity. Usually, 
it will be sufficient if the temperaturo of the 

’ Ad «»?ellent plan is to permanently .set uj) a 
dUerentlM bolometer in the Immediate vicinity of the 
beam; the thcrmomelrlc condition of the enveloping 
air can then be readily tested at any time. 


beam is loiown to 0'05® C. The thermometer 
is placed horizontally within the auxiliary 
case. 

With the completion of the above, further 
operations identical in kind are proceeded with ; 
and unless tho balance develops abnonnal 
behaviour, experiments with four additional 
loads will suffice. For a 200-grm. balance, the 
several loads may conveniently be 50, 100, 160, 
and 200 grms. The results obtained with each 
of these loads are, as before, represented by. 
smoothed graphs, all drawn upon one and the 
same sheet. Often these graphs are of the same 
family ; with such a group wo may, for the 
given range of temperature, make use of interpo- 
lated values for drawing tho temperature 
coefficient curve corresponding to an inter- 
mediate load. Finally, thd whole series is 
completed by a re-dotermination of the R.Ps. 
for the unloaded pans : the value of aU the 
rwults is thereby greatly enhanced. 

Characteristic curves for k for a 2()0-gntt« 
balance are reproduced in Fig. 21. The two 
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dotted line curves were derived from interpo- 
lated values. * ^ 

(11) The. 8u'ppremon of Air ‘■streams about 
the Pam — ^Increased accuracy is secured and 
labour saved, by adopting some plan whereby 
, uniformity in the \emperature of the air sur- 
rounding the pans is ensured ; one that in 
practice has proved highly efficient is illustrated 
in Fig. 22. 

Each pan, together with its stirrup, is 
enclosed bj^ a fixed and massive brass cylinder c, 
having- a diameter but little greater than that 


of the pan. The cylinders extend from the 
floor of the balance case, urbere they fit into 
grooves in thick brass plates pp, to the aluminium 
plate of ‘the auxiliary chamber; and each is 
surrounded by a slightly larger cylinder B, 
which rests upon 3 wheels attacned to f ! ; those 
wheels, of which four lettered w are shown, are 
placed apart at an angle of 120®. fiy covering 
that portion of tlio fixed cylinder enclosed by B 
with silk, a smooth and easy movement is 
imparted to the latter when the handle H is 
pressed towards the right or left. To render 



the pans accessible, large rectangular apertures 
A are cut in the cylinders ; these are opened or 
closed by an appropriate rotation of b. In the 
figure, the left-hand cylinder is open and the 
other closed. The interior surfaces of the 
cylinders are coated with a dead- black lacquer, 
but the exterior surfaces are polished and left 
unvarnished. Now, theory and practice alike 
. show that with these conditions, a temperature 
uniform in the liighest degree, and om*, moreover, 
unsusceptible to any but slow variations, is 
quickly established. But given uniformity 
in temperature, it follows that within a space so 
limited and confini'd, winds or air-streams are 
non-existent ; and therefore the minor irregu- 
larities ordinarily 'arising from convection 
currents about the pans, are avoided. 

(J2) Concerniiw the W iping of Glass Vessels . — 
For glass vessels that are to be weighed with any 
d^iee of refinement, a most careful wiping is 
AQ indispensable preliminary; and in mal^g 


choice of material for the pu^ose, some dis- 
crimination must be shown. Theoretical con- 
siderations verified by experiment, lead to the 
conclusion that in all probability it would be 
dillicult to discover anything superior or equal 
to silk ; this substance possesses a very low 
heat conductivity ; and during use good speci- 
mens show a remarkably small tendency for 
casting of! loose filaments. Objection is some- 
times taken to the production of electric charges ; 
but from the practical point of view, the ground 
upon which the objection is based is more 
imaginary than real. 

Luring the process of wiping, direct contact 
between the vessel and the hand must be 
scrupulously avoided ; more particularly so if 
we desire to maintain constancy of temperature. 
Some four or oven more folds of %ilk should 
intervene between the hand and the vessel ; and 
if at the same time the hands are thickly gloved, 
so much the better. The vessel immediately 
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after it haa been wiped, should be transferred These chiefly arise from (1) the variableness of 
to the pan of the balance with the aid of a the water skin upon the surface; (2) the 
suitable lifter. Wncn the temperature of a globe fluctfiating temperature and pressure of the air ; 
having a capacity of 200 o.c. is raised by C., and (3) in the case of closed vessels, the in- 
tho consequent loss in buoyancy results in an constancy of volume resulting from changes 
apparent increase of weight equal to ^ mg. in the temperature and * effective pressure, 
A slightly warmed vessel rcassumes its original within ; the difficulties are still further accen- 
temporatuAj with extreme slowness; hence the tuated when the vessel contains liquid matter, 
desirability for guarding against any change in and more particularly so when the contents are 
its temperature. solid. For many purposes the errors attendant 

(13) OJ tha rrecautiom tu be taken in weighing upon causes (1) and (2) are sufficiently com- 
Qlasa VesaeU . — In weighing glass vessels, sealed pensated by counterpoising the experimental 
or open, special difficulties arc encountered, vessels with others having very similar volumes ; 
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but sonw cases demand additional precautionary the air is by means of two further taps 
measures. Such measures are called for when, divided into equal streams ; each stream is 
from the nature of the investigation, equality of driven first through a Drecshel wash-bottle, and 
area as well as that of volume becomes a prime then through a spiral glass tube, both charged , 
necessity. Now, although two volumes may, with concentrated sulphuric acid. The stream 
by trial, bo adjusted tiialmost strict equality, to on emerging from the spiral, enters its own set 
secure at the same time a similar equality of of 3 purifying tubes ; the first half of each set is 
area is a highly difficult problem ; and yet, packed with small fragments of soda-lime, and 
unless conditions are so ordered that a complete the second half with similar pieces of calcium 
absence of moisture is ensured, a difference in chloride. FinaUy, the air is filtered through 
the areas of a vessel and its counterpoise may glass wool or asbestos, and led, first through 
well prove fatal to the object in view. This the walla of the balance case, and then through 
particular dithculty is surmounkid in the the upper ends of the cylinders surrounding 
following way : — the pans. Prom thence eitlier stream is 

A blower is formed by fitting up a large glass delivered through a glass jet directed downwards 
jar a, as shown in the self-explanatory Fig. 23 and placed centrally withip its cylinder. With 
A alow working of the Bunsen water pump p is the above described apparatus, any two objects 
all that i| required for keepi^ the jar full (e.g. a closed vessel and its counterpoise), whose 
of air, tht> pressure of which is governed by masses are 4jo be subsequently compared, can 
the length of the tube supporting the bulb r. be simultaneously subjected to a very ;perfect 
On leaving the jar by way of the tap washing with air freed from carbon olozide, 
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moisture, and duet ; this washing is allowed to 
proceed during, the fatiguing of the beam. . On 
escaping froth the cylinders, the purified air 
displaces the ordinary air of the balance case ; 
and as it is unnecessary to re-open the shutter 
before weighing, tKo operation is carried out 
witliin an atmosphere of standard and easily 
reproducible quahty. A groat convenience is 
secured if the air streams can be arrested by tajis 
placed near the balance ; these taps are closed 
just before the object is weighed. The jilan 
here advocated has met with favour in several 



of the Oxford laboratories, -where it lias now 
been used for some years. The method might, 
with advantage be universally substituted for 
the defective plan so oommonly adopted with 
chemical and physical balances. To do this 
for any balance, it is but necessary to pass tubes 
delivering purified air, through the top of tlie 
case just above the pans or in a line with the 
extremities of the beam. The usual method for 
drying the air within a balance case has several 
serious objections, which cannot be discussed 
here. • 

(14) DetermiifUiiion of the Pressure Co- 
efficients of Glass Globes . — When closed vessels are 
weighed under different pressures, itf is important 
that the vessel and its countei^oise possess not 
only similarity of form and volume, but also 


walls of equal thickness, otherwise compensa- 
tion may be imperfect argi vary witli the 
pressure. 

The pressure coefficients of expansion of 
globular vessels may be compared and accurately 
measured with the aid 
of the apparatus indi- 
cated in Fig. 24. The 
bijis having been tem- 
])orariIy removed, either 
globe is introduced into 
the bell jar a, and its 
neck passed up through 
an airtiglit cork secure- 
ly fixed m the moulb ol , 
the jar; a glass tap, 
connect'd with a seakal 
mercury manometer vi, 

IS then fu.sed at d to 
the neck of the globe, 
and the o])en end of the 
jar elo.sed by a stout 
brass pla te p ; the p late 
may be attaehed with 
Faraday cement or 
rnanric glue, both of 
wKiel) aie in.soluble in 
wat or and rt adily sdf t(‘i i 
with beat. Next, 
through a liole in (he 
cork made for the ree<'ption of I, he tube T, air- 
free wat(T is intioduced until tiio jar is com- 
pletely till(‘d ; the tube T, also filled will water, 
IS then placed ni .situ, and its (inc capillary jet 
kept immersed m water as shown. 

In measuring the pressure coefficient, a 
small weighed bottle is first buhstituUnl for that 
usually kept boneatli the jet ; air is then forced 
into the globe until the desired pressure is 
indicated by the manometer > as the pressure' 
distends the globe, water is ejected into the bottle ; 
this is weighed and the expansion resulting from 
the pressure calculated. If a scries of pressures 
bo applied, their values may subsequently be 
plotted against the corresponding expansions ; 
from the graph thus obtaii^ed expansions for 
other pressures are readily determined. With 
slight and obvious modifications contraction 
coefficients may also be measured. 

(15). Of the Apparent ('hanrjc in the Weight 
of a Cooling Body. — When it is necessary to heat 
a body before its weight is determined, ample 
time must bo allowed for the subsequent cooling. 
The time required for a hot body to assume the 
temperature of the balance case is greater than 
ono would in general suppose. The importance 
of delaying the weighing until the object has 
acquired the kunperature of the surrounding 
air is admirably illustrated in the following 
Fig. 26. 

The data for the above grajih was obtained 
as follows : A No. (K) B.P. crucible was heated 
to bright redness for some time and then re- 
moved from the fiame. Wiien the crucible was 
no longer visibly hot, it was placed upon the 
balance and immediately weighed under ordinary 
conditions ; this weighing was followed by 
others at convenient intervals until 9 weighings 
in all had been carried out. During the period 
of half an hour required for the experiment, the 
weight of the crucible was constantly growing, 
at first rapidly, and then slowly ; and aotwith- 
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standing the smallness of the mass, its limited 
surface and the fr%e cooling in air, the apparent 
weight of the crucible had not attained a 
maximum value when the experiment was 
terminated. The observed changes in the 
apparen^j weight result from a. summation of 
various efft'cts of which the following appear to 
bo the chi^f. 

1. An apparent increase in weight <luc to (a) 
the gradual re- condensation of moisture upon 
the glazed surface ; {/3) a slight increase in tho 


length of the arm support^ the object 

E an : ( 7 ) tho re-absorption of ais;^^d moisture 
y Che porous mass of the ^ciblC; and 
( 8 ) tho lessoned buoyancy of the heated air 
immediately enveloping the crucible and balance 
pan. * 

2. An apparent decrease in weight due to 
ascending convection currents which tend to 
lift the object ])an. 

The lengthening of (lie balance arm noted in 
1 (jS) 18 effected by the licatcd air rising from the 



cooling crucible. Tho re-absorption of air and 
moisture ( 1 , {$)) by the general mass of the 
porcelain was rendered possible by the entire 
absence of glaze upon the bottom of the crucible. 
When the crucible is completely glazed, tho 
intem&l condition of the porcelain remains 
presumably for all practical purposes, strictly 
constant. 

(16) Concerning Ordimry lialanct Cases . — 
(tt) With few exceptions the top of the usual 
balance case consists of a sunk glass panel a, b 
(Kg. 26) ; ^'his is a constructional defect which 
we remedy in the following way. A strip of 
velvet p about an inch wide is fastened by means 
of thin glue or seocotine along the four sides and 


near tlie edges of tho top of tlve balance case, 
as shown in tho accompanying Fig. 26. 

When the glue has hardened, but not before, 
a piece of plate glass ab, sufficiently large to 
just overlap the rectangle is placed upon the 
velvet. The velvet surface not only grips the glass 
and thus prevents it from being readily disturbed, 
but also acts as a highly efficient filter and so 
prevents dust from penetrating to the ordinary 
panel withiij. The added panel is easily dusted, 
and during the cleaning we do not as before 
incur the risk of forcing dust between the glass 
and the supporting surfaces flCnd so to the 
interior of the balance case. 

ifi) The case of a precision balance sboulA 
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be opened or closed by sliding rather than by 
hinged ^oors. When a hinged door is Oflened 
the pressure of the air within the case is 
momentarily lowered ; in consequence of this, 
the external air rushes through the innumerable 
crevices in the framework, and sweeping before 
it the erstwhile quiescent dust, charges the space 
within with floating particles. This fact may 
be verified by conducting an experiment in 
bright sunlight ; on opening lh(‘ door tlic sun- 
beams at once reveal the incoming dust. 



(7) All sliding doors should run with great 
smoothness, end they slinifld be fitted with 
counteTpoising weights after the manner oi 
ordinary window sashes. Shutters that are 
arrested by clutches are highly objectionable. 
During the working of a clutch vibrations are 
set up, and these are communicated to the balance 
with detrimental effects. 

(17) Of the Different Methods of Weighing . — 
An article on weighing is incomplete unless it 
contains some allusion to the several methods 
available for at curate work ; but those methods 
are so well known both in theory and practice 
that the briefest outline will here suffice. To 
begin with, we take it as granted that an 
experimenter seeking for high precision would 
use the method of vibrations for ascertaining the 
R.P. of his balance ; in the preceding article 
this matter has been dealt with by the late 
Prof. Dittmar ; and, therefore, further comment 
would appear uncalled for. 8econdly, apart 
from tlie common differential method used by 
chemists and physicists for much of their work, 
there remain (1) the method of Borda, and (2) 
that introduced by Gauss. 

(1) In Borda’s method the object to be 
weighed is placed in either pan, and then 
accuratt'ly counterjioised by any convenient 
unknown masses ; such masses may consist of 
indifferent brass weights, lead shots, fine sand, 
Ac. When the adjustment is complete, standard 
masses are substituted for the object, and these 
are varied until equilibrium has been re-estab- 
lished. Given unchanging conditions, it is 
obvious that the total weight of the standard 
masses equals the sought-for weight of the body. 
To this method may be opposed the tw^o objec- 
tions ; (a), its tediodsness and {W) the impossi- 
bility of adjusting t^ o initially different magni- 
tudes to precise equality. These objections are 
BO weighty thut Borda’s method ^s, compara- 
tively spef^ing, but seldom used. 

(2) Following Gauss and using the method 
vibrations, the R.P. is found with the object 


first in one pan and then in the other; two 
determinations, of the R.P. pre thus 

obtained. Then if 8 be the sensibility of the 
balance ih mg., the difference D between the 
weight of the standard mass employed and that 
of the object is given by the equation if 

D = i . S mg. 

and the apparent weight of the body is thus 
determined. The superiority of this method 
over others is bascfl upon a principle well 
understood by physicists, that in general it is 
easier to determine with accuracy by how much 
two magnitudes differ than to discover the 
true value of either. , 

For some further information upon the very 
important subject of highly refined weighi^, 
the reader may be referred to (J ) ‘The Limitations 
of the Balance,' B. Blount, (ffiem. 8oc. Trans. 
1917, voL iii. lOIF); (2) ‘Vacuum Balance Cases,’ 
Blount and Woodcock, Clicm. Soc. Trans. J918, 
vol. cxm. 81 ; (9) ‘ Observations on the Anomalous 
Behaviour of Delicate Balances,’ Manley, Phil. 
Tians. Series A, vol. ccx. 387-415 ; (4) ‘ On the 
Apparent Change- in Weight during Cli^'mical 
Reaction,’ Manley, Phil. ^Prans. Series A, vol. ccxii. 
227-200 ; (5) ‘ (Observed Variations in the 
Temperature (Coefficients of a Precision Balance,’ 
Manley, Proc. Roy. Soc. A, vol. Ixxxvi. 591-600; 
and (0) ‘Dependence of Gravity on Temperature,’ 
Southerns, Proc. Roy. Soc. A, vol. Ixxviii. 
393. As the above third-named paper contains 
references to other papers bearing upon the 
same subject, it is unnece.ssary to repeat them 
here. 

in concluding this particular branch of an 
interesting subject, we may state that by 
availing ourselves of all precautions at present 
known to us, it has been found possible to attain 
the accuracy of ± 1 in 2 X 10" or thereabouts. 

Micro-halances . — For the accurate determina- 
tion of extremely small masses, instruments 
known as micro-balances are used. Those are of 
two types ; the action of t\i^ one depends upon 
torsion, and that of the otlicr upon gravity ; 
but of the two the latter has been the more 
successfully and highly developed. Nemst and 
Riesenfeld (Ber. 1903, 36, 2086) described a 
torsion balance 8en.sitive to O’OOOS mg. with 
a load of several milligrams (for applications of 
same, v. Janecke, Zoitsch. anal. (3hem. 1904, 
43, 547; Brill, Ber. 1905, 38, 140; Brill and 
Evans, Chem. Soc. Trans. 1908, 93, 1442). The 
zero of this balance is inconstant, and its 
sensitiveness varies greatly with the load 
Gravity balances have been made by Steele and 
Grant (Proc. Roy. Soc. 1909, A. 82, 680), and 
modified by Gray and Ramsay {ibid. 1911, A, 
84, 636 ; 1912, A. 86, 270), to carry loads ranging 
from 1 or 2 mg. to 1 decigram with a sensi- 
tiveness of 1 X KH’to 4 X l(h-» grm. The zeros 
of these balances remain constant over long 
periods of time. 

The beam, consisting of thin silica ro.ls fused 
together to form a framework as shown in Fig. 27, 
has a length of 10 cms. (in Pig. 28 (a) a beam 
having a more rigid tyf e is represelfted). The 
quartz knife edge rests upon a highly polished 
and truly plane quartz surface secured to the 
top of the brass pillar i» 
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The vibrations of the balance are observed 
by means of a bealn of light introduced through 
the window c and reflected by a tiny platinised 
quartz mirror fused to the beam at d ; with the 
mirror in this position, its angular movements 
are not'accompaniod by appreciable ones of a 
translationcd kind. The reflected light falls upon 
a vertical mm. scale placed at some convenient 
distance from the mirror. The three-way tap e 
allows the interior of the balance case to be 
put into communication with cither the atmo- 
sphere or a vacuum pump ; the manometer v 
records tlie pressure within the case. A line 
quartz thread fused to the beam at o supports 
(i.) a quartz bulb h of known volume V e.c. 
(either filled with air or vacuous), (ii.) the scale 
pan .T,«and (iii.) a quartz counterpoise k. The 
whole hangs within the tube l (fitted to tiie 
caiie by the ground glass joint m), and is 
counterpoised by a solid bead of silica fused to 
the beam at n. A little uranium oxide inside 
the case ionises the air and eliminates disturb- 
ing electrical effects; and cal luui chloride in 
L keeps the interior dry. 



To perform a weighing, the pressure in the 
case is suitably lowered (to Pj at temp. Tj abs.), 
and the position of the reflected spot of light on 
the scale taken as the zero. The substance is 
then placed on the pan J, and a new pres.sure 
(P2 at temp. Tj abs.) determined under which the 
zero of the balance is recovered. The weight of 
the substance is then given by the expression 
(^^aswt. of 1 c.c. air at N.T.P.) 

273V(ro/P^ PA 
760 VT, iV 

The usual vacuum correction is, of course, 
necessary. Only weights loss than the weight 
of air that the bulb H can hold may be thus 
deterxmned. To measure greater weights, the 
counterpoise k is replaced by a lighter one ; a 
series of such counterpoises is required, and the 
differences between their weights may be 
measured on t!ie mioio-balance itself. It is con- 
venient to make the bead m counterpoise the 
bulb, scale pan, and a set of weights (Fig. 28 (6)) 
(ranging (fbm 2 to Oi mgm. and made from 
oapiUarj'^quartz tubing : these are calibrated on 
the balance). In weighing a substance, weights 
are removed to obtain a coarse adjustment ;• the 


pressure within the case is tiien altered, thereby 
making the (variable) buoyancy of the air on the 
bulb II effect the fine adjustment. The absolute 
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accuracy of the weighings is limited to the 
accuracy with which V may be determined ; 
their relative accuracy is much greater. 

In a balance construciea by Steele and Grant, 
the beam, &c. weighed 0'93 grm., the bulb u 
had a capacity of 0 422 c.c. and contained 
6*04x10— • grins, of air; the balance had a 
period of 33 secs., and was sensivitive to 
4X 10~® grm. 

The micro balance of Gray and Barasay has 
been modified by ilans Pcitersson (Gotoborgs, 
\'et. Vitterh. iSamf. 1014, 14th scries, xvi ). 
In the altered form the central knife edges are 
dispensed with, and the beam susjiended, as 
mIiowii in Fig 29, by two thin quartz fibres, 
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which are highly attenuated at their points of 
junction with the horizontal rod. Pettersson 
nlho greatly improved the balance case ; and • 
for a vacuum-tight cement he uses an alloy 
having a low fusing -point. Further, the 
beam arrestment is magnetically controlled 
through the top of the balance case ; in 
this way, certain sources of 'error, due 
to possible air leakage, are avoided. R. 
Stromberg (Annalen, der Phy- 
sik. 1915, 47, 939), has improved c 
the Pettersson balance, and at the 

same time increased its sensibility ^ 

by the substitution of detachable 

for fixed threads. The form of the 

Sirbmberg suspension is shown 

in Fig. 3^ and the complete Fio. 30. 

Pettersson-Stromberg beam and 

its accessories in Fig. 31. To the axial rod 

of the balance are attached (1) a tiny screw 
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beam. A section of the complete balance is 
shown in Fig. 32. An instrimient of ^is type 
when carrying its maximum load of 60 rag.» 
may apparently have a sensibility as high as 
•01 fi-mgrm. (IxlO-^i grm.). The Pettersson- 
Stromberg balance has been used for testing the 
validity of Poynting’s law at high teipperatures, 
for measuring the volatility of silica at 800° C., 
and also for the accurate determination of the 
diamagnetic constants of gaseous hydrogen and 
nitrogen. 

A simple form of micro-balance for determin- 
ing the density of a gas has been described by 
F. W. Aston (Proc. Roy. Soc. 1914, A. 89, 439). 
The balance, which is mad(i entirely of quartz, 
is represented m Fig. 33. The beam consists of 
two thin rods fused together as shown,; the 
lower end of the shorter rod, k, terminates in a 
knife edge wliicli rests upon a quartz plai^. 
To one end of the beam is fused a bulb h, having 
a capacity of about 0’3 c.c., and to the other the 
counterpoising rod r. The case, made of rect- 
angular pieces of plate glass, is as diminutive as 
circumstances permit ; the cell containing the 
beam is not more than 3 mm. wide, and its 
volume is a few c.c. only. A special chamber c, 
which is cemented-to the left end of the, case, 
18 closed by the stopper s, whicli is pushed in 
until it just fails to touch the contained bulb.' 
One limb of a T-tube having a capillary bore, 
gives access to the interior of the balance case ; 
the second limb is fused to a mercury manometer, 
and the third to a 3-way tap. By means of 
this laj) communication between the balance 



for adjusting the centre of gravity, and (2) a 
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minute plane mirror m, for indicating with the 
aid of reflected light tlic angular position of the 


Fio. 32. . 
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and an air-pnmp or the gaa-admiasion apparatus Measured at N.T.P,, the roluip of gas Mtually 
can be established. With the above described req\:yred for an experiment is approximately 
apparatus the density of a gas is usually deter- 0*5 c.o. A density determination is carried 
mined at a pressure of about 100 mm. oY mercury cut as follows : The balance case is first highly 



exhau^itcd, then the gas of which the di'usiU 
is sought is admitted until the bulb rises and tlu* 
point p of the counterpoise ajipears in the field 
of a fixed reading microscope. The j)res.sure is 
then varied until the beam comes to rest at some 
convenient but quite arbitrary zero, and the 
manometer read. Finally, the case is re- 
exhausted and the experiment rejieated with a 
gas of known density. The ratio of the densities 
of the two gases is equal to the inverse ratio ol 
the ct*rrosponding pressures. The detcrmiifation 
can be made in a few minutes, and with an 
accuracy of from Od to 0 01 p.c. For accurate 
measurements Aston’s micro- balance needs, 
no less than the heavier preci.sion instrument 
{vide supra), a preliminary fatiguing. 'I’his 
operation appears to be best earrii'd out by 
maintaining for some days a high vacuum 
within the balance case. 

Riesenfold and Mdllcr (Zoitsch. Elcctroclicm. 
1915, 21, Jill) describe a form of micro-balance 
for which they claim a sensibility of 11-3 X 10— ® 
grm., when the balance is carrying its maximum 
load of 6 mg. The beam is a glass capillary 
tube 13 cms. long ; this is sujipork'd by a quart/ 
thread attached at a point 3 cms. from one end. 
A mirror, made from a quarter of a microscope 
cover glass, is secured to the end of the shorter 
arm, and from the otlier end of the beam the 
pan is suspended. Various ways of supporting 
the pan %re described, but the most successful 
for high sensitiveness is that obtained by 
' fastening a quartz thread horizontally and at 
right angles to the end of the arm. From this 
is hung the quartz thread which carries the pan. 
The arrestment consists of a clamp of two 
feathers, placed near the end of the longer 
arm. 

Kramer (Chem. Zeit. 1917, 41, 773) has 
constructed a micro-balance of the usual type, 
\rith a carrying capacity of 1 grm. The 
length of the beam is 154 ’4 mm., and the 
weight 7*825 grm. When the balance is un- 
loaded the sensibility is equal to 48 divisions 
per 0*1 mg., this decreases to 35 divisions 
for a load of 1(X) mg., and to 10 divisions 
for a load of 1000 mgr. A division equals 
0*35 mm. 

The micro-assay balance, known in Germany 
as a * Mikro-Chomische Wagen.’ is a chemical 
balance in miniature; it stands as it were 
midway between the high grade chemical 
belanoejOf* precision and the true micro- balance 
of Steele and 'Grant and others. The beam, 
which may have a carrying capacity of from 
1 to 20 grms., is rigid and exceptionally light ; 


some of the more modern beams are also ex- 
tremely short. First-class instruments have a 
high Hi'iisibility, and when lightly loaded the 
beam will usually mdicate dificrences in weight 
ranging, according to the sensibility of the 
balance, from *05 to ‘OOr) rng. 

Fig. 34 represents a highly sensitive micro- 



assay balance by Kuhlmann of Hamburg. The 
beam, which is 7 ems. long, is built to carry a 
maximum load of 20 grms. in each pan. The 
sensibility is lucli that each scale division 
corresponds to *01 mg. ; and by a special 
device for readme tenths of a scale division, 
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differences in weight as small as *001 mg. can 
be observe^. 

It may be unnecessair to add that the 
remarks and suggestions that have been made 
in connection with the heavier babtaee of 
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peeii^on are eqtially applicable jto the assay 
balance. , 

A simple form of micro-balance for use in 
bacteriological laboratories, has been described 
by Shaxby (Proc. Pl\y8. Soo. of London, 1919, 
32, 21. The instrument is for loads vary- 
ing'from 0*006 to 0*6 grm. ; its sensibility and 
‘ dead-beat ’ character are such that weighings 
may be carried out rapidly and with an 
accuracy of from one to two parts per tliousand. 
The balance (Fig. 35), constructed of ‘Meccano* 
strips, consists essentially of three parts: (1) a 
tripod of which the hinder leg I terminates in 
a small flat foot which can be fastened to the 
table by means of a drawing-pin ; (2) a horizontal 
strip h 2 feet long secured to the top of the 
tripod; and (3) a pair of compound vertical 



arms each consisting ot a 25-hole strip a to the 
upper end ol which is bolted a 0 -hole strip b; 
each arm is suspended at a point just above its 
centre of gravity by means of a silk thread / 
passing througji a glass tube t (Pig. 36), having 
rounded edges and a length of f inch ; the ends 
of the thread are held as shown by wire pins pp. 
The required ‘ dead-beat ’ action is obtained by 



jntmersing the aluminium vanes Avith which the 
arms aro provided irt Avater (Figs. 35 and 37). 
The balance is comjdeted by liifldng the arms 
together with a fibre/ (Figs. 35 and 37 ) of unspun 
silk from the central p' int of Avhich is suspended 
a paper pan p for receiving the objects to be 
weigfied. For weighing slips of paper before and 



Paper 
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After the absorption of a liquid, an aluminium 
dm c (Fig. 38) is substituted for the pan shown 
ia Fig. 3^ The balance is adjusted by varying 
voLj t-r. 


the inclination of the strips hh 36) ; and by 
the samer means the tension ol the thr^ and 
therefore the sensibility of the instrument can 
be altered! Before use the balance must be 
calibrated ; and this is done by placing in the 
pan, each in turn, a series of five weightnl equal 
to one-fifth, two-fifths, &c., of the piaximum 
load, and noting the ro.sulting depressions of 
the central point of the fibre / with the aid of 
a vertical mm. scale placed behind it: the 
requi''ite precautions are, of course, taken to 
avoid parallax m reading. Weight values are 
now plotted against corresponding depressions 
and a smooth curve termed a weight curve 
drawn. To determine an unknown weight the 
object is placed in the pan or clip and the 
resulting depression lead: this being kpown 
the weight with the aid of the graph can be 
osoertained. J. J. M. ^ 

BALANOPHORE WAX r. Waxrs. 

BALATA is the product obtained by coagu- 
lating the latex of Mxmusopa glohosay Gaortn., 
a large forest tree, belonging to the natural order 
SapotacesB, which is a native of British, Dutch, 
and French Guiana, Venezuela, Trinidad, 
.Jamaica, and probably Brazil north of the 
Amazon. In Bntigh Guiana and the ^est 
Indies the tree is known as the ‘bullet* or 
‘ bully ’ tree. 

In physical properties and chemical composi- 
tion, balata resembles true guttapercha, for 
which it is the best natural substitute, and it is 
of interest in this connection that the tree 
yielding it belongs to the same order as the trees 
{Palaquium spp.) which furnish ^ittapercha. 

The balata trees are tapped by making a 
series of incisions in the baric, so arranged tnat 
the latex can run down to the base of the trunk, 
where it is collected in a calabash. The latex 
is afterwards poured into shalloAv* wooden vessels, 
which are usually greased or rubbed with soap 
to prevent the balata from adhering to thein, 
and allowed to stand exposed to the air until it 
has coagulated spontaneously ; a sheet of balata 
is thus formed, Avhioh, when sufficiently hard, is 
removed from the vessel and* hung up to dry. 
The coagulation of the latex may also be brought 
about by boiling, in which case the balata is 
obtained in the form of ‘ block.’ Formerly it 
was the custom to fell the trees and then to out 
rings in the bark in order to obtain the latex, 
but this practice, which involves the destruotion 
of the trees, is now prevented os far os ponible. 

The latex of balata trees usually floAVS freely, 
and, in favourable circumstances, the yield from 
a tree 15-20 inches in diameter, tapped to a 
height of 8 feet, is about 3 pints, representing 
from 1 ^ to 2 lb. of dry balata. 

Commercial balata may be either gr^y, 
pinkish or brown. When immersed in hot 
water it behaves like guttapercha, becoming 
soft and plastic, and, on cooling, it slowly 
hardens again Avithout becoming brittle. 

Balata is also similar to guttapercha {^q.v.) in 
chemical composition, consisting essentially of 
a hydrocarbon {guUa)y of empirical formula 
Cn)H, 0 , associated with resins; the commercial 
product also includes varying amounts of 
insoluble matter (dirt) and moisture Balata 
contains a much higher proportion of ^ resins 
than good guttapercha, and is therefore inferior 
in quality to the lattqr ; when compared with 
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rattapercha containing a similar amoimt of reflin, The composition of Balnta is shown by the 

it is found to be^ a little softer and mote flexible. foPowing typical analyses : — 


Description. 

V 

Source. 

Moisture 
per cent. 

Gutta 

per 

cent. 

Resin 
per 
cent. ' 

Protcld 

per 

cent. 

Dirt 

per 

cent. 

Ash 

per 

cent. 

Specially prepared sheet ’ 

British Guiana 

1-9 

49-7 

44-0 

3-8 

nil 

0*6 

Block balata ^ 

Venezuela 

1-8 

46-7 

44-2 

3-0 

6-3 

[1-28] 

Commercial specimens * * 

Mostly British Guiana 

13-8 

41-6 

34*8 

— 

9-9 


Balata ’ . . 

Dutch Guiana 

63 

43-5 

36*9 

1 

14*3 

i 



The gutta of balata is very tenacious and of 
excellent quality ; it is insoluble in alcohol, 
acetone, ether, or cold petroleum spirit, but is 
readily dissolved by chloroform, carbon diaul 
phide, or boiling petroleum spirit. The resins 
(Oresent are similar to those of guttapercha, and 
consist of (1) a white crystalline resin {alhane) 
soluble in hot but insoluble in cold alcohol ; 
and (2) an amorphous yellow resm (Jluavile) 
soluble in cold alcohol. An examination of the 
total resin of balata by Obach showed that it 
consisted of about 2 parts of albane to 3 parts of 
fluavile. 

Balata is utilised commercially as a substitute 
for guttapercha. Its chief applications are for 
the manufacture of belting, in which the balata 
is interposed between layers of canvas ; for 
insulating purposes ; and for the manufacture 
of the covers of golf balls, after the removal 
of the greater part of the resin by solvents. It is 
also employed to a considerable extent for mixing 
with rubber, and for numerous minor purposes. 

The bulk of the commercial supplies of 
balata are obtained from British and Dutch 
Guiana and Venezuela. Cf. Ter J.iaag, C’aout. ct 
Guttapercha, B)15, 12, 8610. H. B. 

BALLIST1T£ v. Expi-osives. 

BALLOON or FLEXIBLE VARNISH n 

Varnish. 

BALL SODA v. Soda manufacture, art. 
Sodium. 

BALM OF COPAIBA c. Oi .so -RESINS. 

BALM OF GILEAD. Jilerca or Opobolsam 

( v . Oleo-rbsins). 

BALSAMS. The exudations of plants, 
whether spontaneous or promoted by incisions 
made in their stems or roots, consist chiefly of 
resijtt, gum, volatile oil, and certain aromatic 
acids, or mixtures of these. The resins are 
charactfjrised by insolubility in water and 
solubility in alcohol, the gums by solubility 
in water and insolubility in alcohol, and 
both by not being volatile without decom- 
position. In certain exudations the resin is 
dissolved in volatile oil, forming the class of 
oko resins of which the so-called Ganada balsam 
is an instance. Gum arable is a familiar in- 
stance of a gum obtained direct from the plant ; 
mastic is an instance of a resin. The class of 
gum-resins may be represented by myrrh. 

Now, amongst these resins and oleo-resins 
there is a group the members of which are marked 
by possessing a peculiar fragrant odour and 
agreeable pungent taste, wliich is due to the 
presence of free or combined cinnamic or ben- 

^ Analysed at Imperial Institute. 

* Analysed by Dr. Obach. 

* Average figures lor nineteen commercial lots 
representing OO tons. 


zoic acid. These are the balsams, and it is 
ponveniont to consider them as a class by them- 
selves. The word ‘ balsam,’ it is true, has some- 
times been used in a wider sense — indeed, it was 
originally employed for an oleo-resin re.sem- 
blmg the so-called Canada balsam ; but it is 
more convenient to restrict the term to resins or 
oleo-resin.s wliicdi contain cinnamic or benzoic 
acid. The balsanx have long been familiar to 
writers on materia medica, some of them being 
known to Pliny, and even ciarlicr to the Greek 
physicians, 'riiey are favourite constituents of 
Ihe incense used in the Greek and Roman 
churches, and while tlu'y cannot bo said to have 
an important therapeutic value, they are reputed 
mild tonics and stimulants and are a common 
flavouring agent hi expectorant medicines. 'J’he 
following arc the more important : — 

Benzoin. (iiim Benjamin ; Bmzdinim, 
B.P., U.S.P. {Benzoin, I'Y ; Benzoiha?z, Ger.). 
The benzoin, of Java and Sumatra is derived 
from the thick-stemmed trees of Siyrax Benzoin 
(Dryander, Phil. Trans. 1787, .303; Bentl. a. 
Trim. 160), while the more highly prized Siam 
benzoin is jirobably obtained, according to 
I Royle, from the Siyrax F inlaysoniana (Wall). 

I The source of Siam benzoin is, however, still 
uncertain (Holmes, Pharm. J. [3] 14, 364). The 
first European writer to mention benzoin is 
Batuta, wJio travclli‘d in the East early in the 
fourteenth century, and from that time to the 
present day the drug has been an established 
article of materia raecliea. It is largely used for 
incense and in the preparation of fumigating 
pastilles, and enters into the well-kno>vn Friars’ 
Balsam or compound tinct-ure of benzoin, a 
favourite dressing for wounds. 

The juice exudes from the trees as the result 
of incisions, and it is allowed to harden before 
it is removed. During the first three years 
of the life of a tree the balsam dries in the form 
of tears. This is called head benzoin, and if 
the most highly reputed. A less esteemed 
variety is obtained during the following seven or 
eight years, which is brcAvnor in colour and is 
called belly benzoin. ].«a3tly, the trees are split, 
and the commoner foot benzoin is scraped off 
{(J. Fliick. a. Hanb. 405). 

Benzoin is obtained as a hard brittle mass, 
consisting essentially of a mixture of resins 
together with uncombined benzoic and some- 
times cinnamic acids. The resins are entirely 
soluble in solution of potash and in alcohol, but 
by their behaviour toward other solvents they 
have been distinguished as a-resin, fi-resin, &c. 
(Unverdorben, Pogg. Ann. 8, 3ft7 ; Kopp, 
Compt. rend. 19, 1269 ; Van der Vliet, Annafon, 
34, 177). The yield of benzoic acid varies from 
12 to 20 p.c., being on an average about 14 p>o- 
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To extract it (1) the benzoin may be mixed with 
wnd and heated in a suitable vessel, over which 
is placed a receiver to collect the vapours* of 
benzoic acid, which condense in beautiful tufts 
of acioular crystals : or (2) the benzoin may be 
boiled with milk of* lime, filtered, and after 
concentration of the calcium benzoate solution 
thus obtained, the benzoic acid precipitated by 
hydrochloric acid : or (3) the free benzoic acid 
may be extracted by treating the powdered 
resin with warm carbon disulphide. Liidy 
(Arch. Pharra. 231, 43) has shown that the 
a-, jS-, and 7- resins of the earlier investigators 
are mixtures of the partially hydrolysed cinna- 
mates of the reein alcohols present, the a-resin 
being the least and the 7- the most hydrolysed. 
He also finds that benzoin from Sumatra con- 
tains benzoic acid, styrene, traces of henzaldehyde 
and benzene, 1 p.c. of vamlhn, 1 p.o. of yhenyl- 
propyl cinnamate, 2-3 ji.c. of cinnamyl cinnumnte, 
and a mixture of a little henzorcsinol cinnamate 
with much resinotannol cumcynate, this mixture 
forming the main constituent of the bafsara. 
In addition, woody impurities occur to the 
extent of 14 17 p.c., also free cinnamic acid, but 
to a less extent than free benzoic acid. By 
hydrolysis of the mixture of benzoresinol and 
resinotannol cinnamat-cs the two alcohols are 
obtained, Imizo^rsinol CuHjflOj, consisting of 
white crystals, and resinokinnol ^\8ll20^^4» 1 
a brown amorphous powder. 

Siamese benzoin also examined by Liidy 
(Arch. Pharm. 231, 401) difi’ers from Sumatra 
benzoin by containing no cinnamic acid either 
fi’ee or combined, the main constituent being a 
mixture of a little benzoresinol benzoate with 
much siaresinot annul benzoate. The total amount 
of benzoic acid from both esters was 38*2 p.c. 
'J’ho alcohols obtained by the hydrolysis of the 
rosin are present in the proportion of about 1:11. 
The benzoresinol is identical with that obtained 
from Sumatra benzoin and crystallises in white 
prisms ; m.p. 272°. Sinresmotamiol 
is a brown powder very similar to resinotannol 
obtained from benzoin of Sumatra. To dis- 
tinguish between Sumatra and Siam benzoin, 
0‘6 grm, is slowly heated to 40° C. with 10 c.c. 
potassium permanganate solution, when the 
Sumatra variety gives the odour of bonzaldchydc 
(U.S.P.). 

Benzoin, with the exception of woody frag- 
ments always present in the cake variety, should 
dissolve in five times its weight of alcohol, and 
this solution should give with water a milky 
•emulsion having an acid reaction ; not less than 
76 p.c. of Sumatra and 90 p.c, of Siam benzoin 
should bo soluble in alcohol. Adulteration with 
resin may be detected by warming with 
petroleum benzine or carbon disulphide, wash- 
ing the bonzin solution with sodium bicarbonate 
and then with water, and finally shaking with 
copper acetate solution ; a green colour indicates 
the presence of resin. 

Peru. Balsam.nm Peruvianum, B.P. ; 

U. S.P. {Baume de Piron, Fr. ; Perubalsam, 
Ger.) 

A dark molasses-like liquid obtained in the 
State of Salvador in Central America from trees 
of Myroxylon Pereiroc (Klotzsch). Description, 

V, Bentl a. Trim. 83. Balsam of Pefti was pro- 
bably introduced into Europe soon after the 
Spanish conquest of Guatemala in 1624 (Fliiok. a. 


Hanb. 206). The bark is bruised and scorched 
late in the autumn, and the exudation excited 
by this means is collected (Fliiok. a. Hant). 207 ; 
Dorat, Am&r. J. Pharm. [3] 8, 302 ; Hanbury, 
Pharm. J. [3] 6, 241, 315). 

Balsam of Peru sinks in water, in which it 
is insoluble. It has a sp.gr. of 1T40 to 1T68 
(1*1 30-1 *160 at 26°, U.S.P. ). It is foluble in 
absolute alcohol, chloroform, acetone, and glacial 
acetic acid. Examined by Kraut (Annalen, 162, 
129) and Kaehler (Ber. 2, 512), the chief con- 
stituent of Peru balsam was supposed to be 
cinnamem, benzyl cinnamato 

CeH,-CH : CHUGOC^H, 

Kachler’s analysis of Peru balsam is : — cinnamic 
acid 46 p.c., benzyl alcohol 20 ji.c., resin 32 p.c. 
L'J. Attlield (J. 1803, 657); Delafontaine (Z. 
1869, 166) finds in addition to benzyl cinnamat^ 
cinnamyl cinnamate or styracin. Trog. (Arcm 
Pharm. 232, 70) by suitable treatment has 
divided Peru balsam into two constituents, an 
oil and a resin. The liquid portion, known as 
cinnamcin to the earlier investigators, consists 
of benzyl benzoate uith a small quantity of 
benzyl cinnamato and forms from 56 to 60 p.c. 
of the balsam ; cinnamic acid and vanillin are 
present in very small proportions. The resin 
when hydrolysed yields cinnamic acid and a 
small proport ion of benzoic acid and perurmno- 
iannol, a resin alcohol of the formula CigHjoO,. 
Ihe balsam has also been examined by Thoms 
(Arch. Pharm. 237, 271). 

The B.P. demands that at least 67 p.o. shall 
remain in ethereal solution after shaking with 
Nj'l NaOH solution ; this portion, termed cinna- 
mein, must have a saponification value of not 
less than 235. The U.S.P. requires an acid 
numbcr^66 to 84 and 50 to 56 p.c. of cinnamein, 
extracted by ether from 4*5 p.c. tNaOH solution ; 
the saponification value of the cinnamein must 
be 236-238. 

A useful test is that 1 grm. balsam should 
give a clear solution with 3 grins, chloral hydrate 
m 2 c.c. water. Among the adulterants used 
have been copaiba, gurjun c#)lophony, Canada 
turjientine, storax, tolu alcohol, &c. The 
presence of turpentine may be detected by 
warming 1 grm. balsam with 6 c.c. purified 
letroleum benzine on a water-bath ; the petro- 
eiim extract on evaporation should yield no 
smell of turpentine and give neither green nor 
blue colouration with a drop of nitric acid, 
showing absence of resin (U.S.P.). On shaking 
the balsam with water, a diminution in its 
volume will occur if alcohol has been added ; 
the specific gravity also gives information as 
to the probable presence of alcohol. 

(For other modes of testing, v. Hirschsohn 
(Pharm. Zeit, 16, 81) ; Fliickiger (Pharm. J. [3] 
12, 45 ) ; Schliokum (Arch. Pharm. [3] 20, 498) ; 
MacEwan (Pharm. J. [3] 16, 236) ; Andr^ 
(Arch. Pharm. [3] 22, 561) ; Denner (J. Pharm. 
Ohim. [5] 18, 259). Testing of balsams, resins, 
and gum-resins : Pharm. J. [3J 17, 647.) 

A White Pn'u Bakam is sometimes pre- 
pared in Salvador by expression from the fruit 
of the Myroxylon PcreircB. It is a golden yellow 
semi-fluid granular crystalline moss •ontaining 
a crystalline resin, myroxocarpin C«H„0.. 
together with styrolene, aiyracin, and cinnamic 
oefc (Stenhouse, Anqalen, 77, 306; Pereira, 
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Annalen, 77 , 309 ; Scharling, Annalen, 97 , 70 ; 
Harrison a. Malfoh, J. 1876, 866). (For more 
recent Invostiftations, see Germann (Arch. Pharm. 
234, 641) ; Biltz (Chem. Zeit. 26, 436)'; Thoms a. 
BiUz (Chem. Zentr. 1904, ii. 1047) ; Hellstrom 
(Aroh.v Pharm. 243, 218). For other varieties 
of Peru balsam, v. Fiiick. a. Hanb. 210.) 

Storax', Liquid Storax ; Balmmim, Styraris ; 
Sty rax praeparatufi, B.P. ; Styrax, U.S.P. 
{Styrax Liguide, Fr. ; FlUmger Storax. Cer.) 

Htorax balsam is derived from trees of 
Liquidamhar oriemtalin (Miller), which are 
natives of Asia Minor (r/. Bentl. a. Trim. 107). 
I’his liquid storax is nearly related to another 
harder resin — the exudation of the Styrax 
officinale (Linn ). Both have been known 
since ^the later Creek period, but the latter is 
now no longer an article of commerce. Storax 
as been identified in the resins obtained from 
mbalmed Egyptian mummies dating back 
about 3000 years (Tschirch and Reuter, Arch. 
Pharm. 250, 170). To obtain the storax the 
outer bark of the tree is removed, and the inner 
bark is collected and boiled in wai-er. The 
balsam melts and rises to the surface and is 
skimmed off. 

Illiquid storax is heavier than water, about 
the consistence of lioney, and of a greyish -brown 
colour. It always contains a little water, which 
imparts to it a greyish opacitj’. When this is 
removed, by long standing or by heat, the resin 
becomes quite transparent. Drii'd in this way it 
is soluble in alcohol, ether, carbon disulphide, 
and volatile oils ; but not in light jietroleum. 
The odour of storax is ngreealily balsamic and 
the taste aromatic and pungent. Examined 
with a micro.scopc crystals may be detected 
which have been identiiied, the feathery spioular 
crystals as styracin, and the rectangular tables 
and short prisnlS as cinnamic acid. 

Storax contains 10 p.c. to 20 p.c. of water, 13 
p.c. to 18 p.c. of woody and inorganic impurities, 
leaving 66 p.c. to 71 p.c. of matter soluble in 
alcohol, which consists chiefly of styrene, meta- 
styrone, cinnamic acid, styracin, and a large 
proportion of resin (Fiiick. a. Hanb. 275). The 
alcohol-soluble part constitutes the styrax 
praeparatus of the B.P. 

Styrene or phenylethylcne 0^11 g-CH : CH, is 
obtained as a colourless mobile liquid by distill- 
ing storax with water (Bonastre, J. Pharm. (3nm. 
16, 88; Simon, Annalen, 31, 207). The solid 
polymeride of styrene, mchistyrcne, is also said 
to exist in storax. Cinnamic acid to the extent 
of 6 J).c. to 12 p.c. is obtained by boiling the 
balsam with sodium carbonate solution, which 
extracts it as a sodium salt from which the free 
acid is liberated by mineral acids, 

Styracin or cinnarnyl cinnamate 
: CII-COOCjHg 

w^ originally discovered in storax by Bonastre. 
It may be obtained, after removal of the styrene 
and cinnamic acid by treatment of the residue 
with ether, alcohol, or light petroleum in the 
form of a liquid, which with difliciilty assumes a 
solid crystalline form, the crystals melting at 
44 ® (Simon, Annalen, 31, 273 ; Toel, Annalen, 
70 , 1 ; Miller, Annalen, 188, 200). Styracin 
ip reldily converted by alkali into cinnarnyl 
alcohol and cinnamate. Benzyl alcohol has been 
detected as a constituent of storax by Lauben 


heimer (Annalen, 1 64, 289). A good bibliography 
will be found in W. von Millers memoir on the 
Chemical Compounds contained in Liquid 
Storax (Annalen, 188, !|,84), in which the author 
describes as present, in addition to the consti- 
tuents already mentioned; phenylpropyl cinna- 
matf, ethyl cinnamate, ethyl vanillin, large 
quantities of two alcoholic compounds, o- and 
fi-storesin, and their cinnamic esters, a sodium 
compound of storesin and a resin. Dieterich 
showed that Miller’s ethyl vanillin was really 
vanillin (l^harm, Centralhalle, 1896, No. 28). 
According to v. Itallio ((’hem. Zentr. 1901, ii. 
856), a good specimen of storax contains about 
2*4 p.c. of substances insoluble in other, 23’1 p.c. 
of free cinnamic acid, 14 p.c. of water, 22’6 p.c. 
of aromatic esters, 2 p.c. of styrene and vanillin, 
and 36 p.c. of resin. The total proportion of 
cinnamic acid is about 43 p c. ; the combined 
acid occurring partly in the resin and partly in 
the aromatic esters. 

The B.P. demands an acid value between 
60 and 90, and an ester value between 100 and 
14t) ; the U.S.P. an acid value of 56-85 and a 
saponihoation value of 170-230. Storax is some- 
times adulterated with turpentine. To detect 
this Hager dissolves the balsam in a little warm 
alcohol, and shakes this solution with light 
petroleum. The light petroleum on evaporation 
leaves a residue • in which the terebmthinous 
odour is eoncent rated, and may be readily 
detected. Further, the residue so obtained, in 
the case of genuine storax, is colourless with a 
bluish ojialeseence, and represents 45-55 p.c. 
of the original balsam ; but if turpentine be 
present the jiereentage is larger, and the residue 
has a yellowish colour (Ph. Cerith. 15, 163). 

(3osely allied to liquid storax are the exuda- 
tions from the Styrax officinale (Linn.), Liquid- 
arnhar siyraciflua (Linn.), a native of North 
America, the balsam of which was examined 
by Fliickigor and v. Miller (Arch. Pharm. 
[3] 20, 646, a. 648). It is obtained in the 
form of a sticky grey mass containing white 
crystalline portions mixed with fragments of 
wood and bark. Its composition does not 
differ essentially from that of Asiatic Storax 
(r. Itallie). Liquidamhar formosana (Hance) ; 
and Allingia excelsa (Noronha) (r/. Fiiick. a. 
Hanb. 276 ; Tschirch a. v. Itallie, Arch. Pharm. 
239, 541, h 

Tolu. BaUnmum toluianum, B.P. ; U.S.P. 
{Baume de tolii, Fr. ; Tolubalsam, Ger.) 

Monardcs, in his book published in 1674, 
describing the products of the West Indies, 
the first to mention balsam of tolu. Soon after- 
wards it was introduced into England. Tolu is 
the product of the trees of Myroxylon toluiferum 
(H. B. a. K,), natives of Venezuela and New 
Granada, and probably also of Ecuador and 
Brazil. Considerable amounts are exported 1^ 
Bolivia. (For botanical characters, v. Bentl. a. 
Trim. 84.) V-shaped incisions are made, and the 
concreted juice from time to time collected. This 
draining of the trees goes on for eight months of 
the year (Weir, Journ. B. Hort. Soc., May, 
1864). 

Balsam of tolu is a viscid resin or plastic 
solid, which on exposure hardens and is Wttle 
in cold Weather. It has an agreeable odour 
suggestive of vanilla, and has a decided aromatie 
taste. Orystala of cinnamic acid may be seen 
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in tolu when thin layers are examined. It is 
soluble in alcohol (1 in 1), glacial acetic acid 
(1 in 1), chloroform (2 in 1), benzene (1 in 3), 
acefone, also in caustic potash. Carbon di- 
sulphide dissolves it partially, removing chiefly 
cinnamic acid. Jflalsam of tolu consists for the 
most part of an amorphous resin similar to that 
left by carbon disulphide in the case of Peru 
balsam. This resin on hydrolysis yields tolu- 
reainotannol Ci7Hig06, a lower homologuo of 
peruresinotannol, a dark brown pbwder decom- 
posing at 100° without molting. It gives colour 
reactions with ferric chloride and potassium 
dichromate, and precipitates with lead acetate 
and gelatin (Oberlandor, Arch. Pharm. 232, 659). 
Treatment with water extracts from balsam of 
tolu cinnamic acid (Carles, J. Pharm. Chini. 19, 
112), and according to Busse (Her. 9, 830) it 
contains also benzoic acid, and both benzyl 
benzoate and cinmmaie. Distilled with water, 
small quantities of a peculiar hydrocarbon pass 
^ver which has been called tokne. The yield, 
according to Doville, is 2 p.c. (Aim. Chim. Phys. 
[3] 3, 152). Tolenc has the formula 
Its sp.gr. at 10° is 0-858 (Ko})p), and it boils at 
170°, according to Devillo and Scharlmg, or at 
154°-100° (Kopp). Devillo found toleiie to have 
a vapour density of 5’I. I’his hydrocarbon does 
not appear to have been furtluy studied or to be 
known in any other chemical relation. 

Colophony present as an adulteration in 
tolu may be detected by extracting 1 gnu. with 
25 c.c. of carbon disulplnde and filtering ; on 
ovaiioration the residue, dissolved in glacial 
acetic acid, does not become green on addmg a 
few drops of sulphuric acid. The carbon di- 
sulphide, or light petroleum extract, filtered and 
shaken with O'l p.c. copper acetate, does not 
become green (Hirschsohn, Chora. Zentr. 1895, 
ii. 694). Added colophony is also doti'cted by the 
saponification number of the re.sidue left on 
evaporation of the carbon disulphide. If the 
residue falls below 25 p.c. the addition of 
exhausted balsam may be suspected. When 
turpentine has been added, sulphuric acid pro- 
duces a black instead of the normal cherry- red 
colour. The U.S.P. demands saponification 
value 154-220 and acid value 112-108 for tolu 
balsam ; the B.P. requires 107-4-147’2 for 
acid value, and a saponification number of 
107-202. 

Xitnthorrhoaa Balsams. A number of bal- 
samic resins are obtained from the xanthorrheeas 

grass trees of AustraUa. Seven species of 
these, the arborca, australis, IJastile, media, 
minor, bradeala, and Pumilio were described as 
early as 1810 by Brown (Prodromua Novse 
HollandiflB). The first two are arborescent trees, 
the tWrd and fourth have short stems, and the 
last throe are stemless. Hirschsohu (Pharm. 
Zeit. 16, 81) distinguishes three xanthorrhaea 
balsamic exudates ; but of these only two are 
important, the yellow or acaroid balsam and the 
redbaisam (Pereira, Mat. Med. 3rd ed. 1099). 

Acaroid Balsa/m, Acaroid Resin, Resina 
Acaroides, Resin of Botany Bay. This balsam 
was first mentioned by Governor Phillips in 
1789 (Voyage to Botany Bay). It exudes spon- 
t^eously &om the XantJwrrhoBa Entile and, 
aooordhig to some writers, from the X. arborea. 
It halb a yellow colour resembling gamboge, 
and when heated evolves a balsamic odour. 


It is used in the preparation of sealing-wax and 
lacquers *and japanner’s giAi-size. IJiidling 
found for Jbhe yellow resin an acid value of 
65-90, a saponification value of 100-150, and 
an iodine value of 175-176 (Chem. Rev. Fett. 
v. Harz. Ind. 1903, 10, 61). It may be iddntiflod 
by heating with nitric acid, dissolvhig^ the cold 
residue in alcohol and adding 10 drops of 6 p.c. 
ferric chloride solution. A brownish- black 
colour and turbid appearance denotes the 
jiresence of acaroid resia (Rebs, Lack. und. 
Farb. Ind. 1908, No. 11). Its chief constituents 
are resin, a trace of volatile oil, aud cinnamic, 
benzoic, and para-coumaric acids, also 'para> 
hydroxybcnzaldehyde and probably vanillin (Bam- 
berger, Monatsh. 14, 333). The resin consists of 
xanlhoresinulunnol ^431148010, chiefly in •form 
of para-cournarate (Hildebrand, Arch. Pharm, 
234, (598). (For properties of xanthorrhm# 
resin oil, see Schiramel and Co. (Chem. Zentr. 
1898, i. 258) ; Haonsel (Chem. Zcit, 1908, i. 
1837).) By distilling acaroid balsam, Stenhouse 
obtained a light neutral oil containing benzene and 
cinnamene, and by treatment with nitric acid 
the same observer finds acaroid balsam to give so 
largo a yield of picric acid that he recommends it 
as a convenient sohree of that compound.* As 
much as 13 p.in of parahydroxyhenzoic acid is 
formed when acaroid balsam is fused with potash. 
Amongst the other products of this reaction, are 
lesorcuiol, pyrocakchol, and a double com^und of 
paiahydioxybcnzoic find protocatechuic acids 
GuHiaD 7,21)80, which has been likewise ob- 
tained from benzoin (Hlasiwetz and Barth, J, 
1806, 630). 

Red Acaroid Balsam. Grass-tree Qum, Blacks 
hoy Gum. A rod balsamic resin resembling 
dragon’s blood, and obtained cliiofly from 
Xanthorrhcea austrahs. When ly)ated it evolves 
a. balsamic odour. This resin does not contain 
cinnamic or benzoic acid, it contains a small 
quantity of para-hydroxybe nzaldelnyde, and con- 
sists mainly of crythroresinotannol C49H4oOio» 
chiefly as pam-eoumarate (Bamberger, Hilde- 
brand). Its solution in alco^iol stains a deep 
mah<,>gany colour. A red acaroid balsam is also 
obtained from the Bahamas, which is lighter in 
colour than the Australian variety. It is 
similar in composition to the latter, except that 
it contains cinnamic acid. Grass- tree resins 
are used in the preparation of spirit lacquers, 
varnishes, sealmg-wax, &c. During the Euro- 
pean War considerable quantities of picric acid 
were made from the different varieties of 
xanthorrhcea resins. 

BAMBARA FAT v. Bassia oils. 

BAMBOO. The ash of the shoots of these 
grasses (Bamhusa arundinacea (Willd), Gigan< 
tochloa verticillata (Munro), &c.) contains from 
30 to 40 p.c. of potash (KiO), and constitutes a 
good source of potash. The fibres of the shoots 
supply an excellent paper-making material, 
and have been used for this purpose by the 
Chinese from time immemorial (Romanis, 
Chem. News, 45, 168 ; 46, 51 ; Nature, 18, 60), 
BAMBOOI FAT or BAMBUK BUTTER v. 
Bassia on.s. 

BANANA. The fruit of Musa sqpierUium, 
a plant growing freely in tropical countries. 
When ripe the pulp is rich in sucrose and invert 
sugar, but in the unripe condition contains much 
starch, and is extensiv^ely used for the prepara- 
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tion of banana flour in the Indian Archipelago^ 
Brazil,, the west Coast of Africa, and the Paoifio 
Islands. ^ 

Analyses by Leuschor (Zoitscli. oflentl. 
Cliom. 1902, 8, 120) of (1) green husks, (2) ripe 
husks, \3) unripe fruit (pulp), (4) ripe fruit (pulp), 
and (5) biinana-mcal, are as follows : — 



(1) 


(3) 

(4) 

(5) 

Water 

70 -0 

70-0 

70-5 

C7T 

150 

Crude protein . 

2-0 

2-9 

3-9 

5*0 

7 0 

Crude fat 

4-5 

41 

OT 

0-2 

0-3 

Crude fibre 

•9*9 

8-6 

0*4 

0-3 

5-91 

N-free extract . 

8-3 

l()-4 

— 

— 

700 

ytarch 

. — 

— 

19-1 

— 


J )extrin . 

— 

— 

2-6 

10 


Tannin . 

— 

— 

2-2 

OT 


Sucrose . 

— 

— 

— 

15-8 


Invert sugar . 

— 

— 

— 

9-7 


!^sh 

5-3 

3-9 

IT 

0-9 

1*8 


Only the quite green fruit, eonl-aining mere traces 
of sugar, can bo used for preparing the meal. 

Ripe bananas contain tnverku'ie (Mirran, 
Chom. Zeit. 1891, 17, 1283). American analyses 
show much less protein in ripe bananas than 
is given in Lcubclicr's figures, the average being 
only, 1-3 p.c. (Bulletin 28, U.8. Dept, of 
Agriculture, 1899). 

The pulp appears to contain small quantities 
of amyl acetate, to which its characteristic 
aroma is due. 

For a study of tlio relative amounts of 
sucrose, invert sugar and starch present in the 
fruit dried at temperatures between 40“ and 
105°, see Waterman (Olicin. Weekblad, 1910, 
12, 552). For a study of the changes in composi- 
tion of ripening bananas, see Gore (J. Agric. 
Research, 1914, 3, 187). 

The stalks and skins of bananas are ricli in 
potash, and have been Bugges(('xi as worth 
collecting for manunal purposi's (Ellis, Jour. vSoc. 
Chem. Ind. 1910, 150 and 521). The following 
figures were quoted : — 



Stalks. 

Skins. 

Moisture . , . 

91-6 p.c. 

88*2 p.c. 

Dry matter 

8-4 „ 

JI-8 „ 

Ash, in original 

2-4 „ 

1-8 „ 

Potash, in original 

M „ 

I 'O „ 

Ash, in dry matter 

20-9 „ 

15*0 „ 

Potasli, in dry matter . 

13-7 „ 

9*0 „ 

Potash in ash 

45-9 „ 

57-2 „ 


It is estimated that the bananas imporU'd 
into this country per annum (about 9,000,000 
bunches) include, on the average, about 1(5,000 
tons of stalks and (50,000 tons of skins, containing 
about 160 tons and 600 tons of potash, respectively. 

BANDROWSKrS BASE. Tetra-amino 
diphenyl-p-azophenyloue. 

BArllSIN V . Glucosides. 

BAPTITOXINE v. Cytisine. 

BARBALOIN v. Glucosides. 

■ BARBATIC ACID. Barbatic acid Ci 9 Hao 07 
was first isolated from the hchen UsncM barbala 
by Stenhouse and Groves (Chem. Soc. Trans. 
1880, 37, 405), in which it occurs in conjunction 
with Usnio acid Zopf (Annalen, 1897, 297, 271 ) 
found barbatic acid in the Usnea longissvnuif in 
the EUckm ochrok uca {ibid, 1899, 306, 282), and 
in the Utnea dasypoga [ibid. 1902, 324, 39) ; 
Hesse (J. pr. Chem. 1898, ii. 57, 232) describes 
its presence in the Usnea lonjlssima^ Usnea 
I Indudiug taxmlu auh oolourlag matter. 


barhata, and Usnea ceratina. Hesse (2.C. 
originally considered that barbatic acid had the 
composition C22H24O8, and described potassium 
barium and copper salts and an ethyl ester, 
m.p. 132°, which apparqntly established this 
formula, but in a later paper (J. pr. Chom. 1903. 
ii. 68, 1) he adopted Stenhouse and Groves’ 
formula, CibHjoO;. The sodium salt 
CiyHieO^Na, 2H2O 

crystallises in straight-sided leaflets (c/, also 
Zopf, 1902, 789). The action of acetic anhydride 
on barbatic acid leads to the formation of a 
compound which is probably the lactone of 
acetylbarbatic acid ; this melts at 250° and on 
recrystallisation from acetic anhydride yields 
acetylbarbatic acid CibHib(C 2 Hj 0)07, m.p. 172°. 
By the hydrolysis of barbatic acid with aqueous 
alkalis betorcinol and rhizoninic acid are formed. 
Barbatic acid crystallises in colourless needles, 
m.p. 184° (Hesse, J. pr. Chem., 1900 (2), 73, 
113).- " A. G. P. 

BARBERRY. Barberry or berberry, Bef- 
hcria vulgaris y is a compact bush which attains 
to a height of from 8 to 10 feet, and is found wild 
in Great Britain and tliroughout most parts of 
Europe and North America. The colouring 
matter present is hoberine, and this, though 
occurring mainly ^m the bark, is also present in 
the stem and root of the plant. 

Until recently a concentrated commercial 
extract of this material, known as ‘Barberry 
extract,’ was to bo found on the market, and 
employed for dyeing silk and leather. It does 
not appear to have been at any time extensively 
used for these purposes, and is now apparently 
obsolete. 

Barberry is, however, interesting, in that it 
contains the only natural basic dyestuff at 
present known, and may, in fact, bo applied 
to fabrics m tlic same way as the artificial basic 
colouring matters. Silk and wool, for instance, 
may be dyed yellow by means of a faintly 
acidulated decoction of the material, preferably 
at from 50° to (50°, whereas for cotton, a tannin 
antimony mordant is necessary. 

For the isolation of berberine the procedure 
is 8im2>lp, and consists merely in extracting the 
ground dyestuff with boilmg water containing a 
slight excess of lead acetate. The concen- 
trated extract is mixed with hydrochloric acid 
when, on coolmg, crystals of berberine hydro- 
chloride separate. Berberine hydrochloride, 
CjoHigO^NCV when pure, crystallises in long, 
silky needles which possess an intense yellow 
colour lyid are soluble in hot water and alcohol. 
The most reliable of the earlier analyses of 
berbeiine arc those given by Perrins (Annalen, 
Supp. 2, 170), who suggested the formula 
r2oHi7N04, but it is now known that berberine 
has the composition C20H19NO5. The base 


* The substance commonly known as berberine hydro- 
eUoride Is, in fact, not a hydrochloride, but a quaternary 
chloride containing the grouping given below, and 
Bliould be named berbennium chloride (W. H. Perkin, 
Chem. Soc. Trans. 1918. 113 608)— 

“Vc/v 

' jcH. 




* /\ch/®\/ 

Cl CH, 

The old names for tills and the other salts described 
are, however, retained In this article. 
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berberine (or berberinal) ia best obtained by | 
adding strong caustic soda to the ^uoous 
solution of the sulphate and extracting •the 
product with ether, from which it separates in 
yellow needles and melts at 144® ((ladamer, 
Archiv. dcr Pharm. 4905, 24IJ, 34). Berberine 
is a strong base, yielding well-defined crystalUne 
salts of a deep yellow colour, of which the 
following may be given as examjiles ; — 

Berberine nitrate ('joHihNOj’NOj, Berberine 
hydrochloride, CaQHi 8 M 04 ( !1, Bcihcnm hydnodidc 
C,oH igNOJ, and Bcihoine platinichloride \ 
(CjoHisNO^laPtCle. 

The most important of the early work on 
beiberino ia that of Hlasiwetz and (him (Jalircs. 
1894, 407), who by reduemg the base with zuic 
and sulphuric acid prej>ar{;d ieiiahydrobcrhcnne 
C 2 oTIaiN 04 , and by fusion with alkali obtained 
the acids CJIgOj and C'aHiiOg, the second of which 
was termed bcrhcriiuc acid, I’orkin ((licni. Soc. 
Trans. 1889,55, 89), who siibsenuently examined 
this latter corajioiind and fo^md that its pioper- 
ties agreed in all rcapccla with those givhn by 
Hlasiwetz and (him, has shown that it possesses 
the constitution of a hunioralechol caihoxylie acid. 

Intercstmg also is tlu^ fact that l>y the alkali 
fusion of berberine, or by distilling it with lime, | 
Bcrnheiraer and Bodeekm' isolated an oily base ' 
which they regarded as qumolme, but which is 
now known to be h^o-f/antoliie. 

The most valmible results, howev(*r, have 
been allorded by a study of the oxidalKtii jiro- 
ducts of borbeihie liydrochloride. VVeidel, who 
employed mtrio acid for this [lurpose, obtamed 
berberonic acid, ('(jlfsNO#, which ho rightly 
regarded as a pyridine tricarboxylic acid, and 
this has been more recently shown to consist of 
the 2:4:5 conipoiiiid - 
N 



COOK 

whereas Schmid and Schilbach (Arch. Pharm. [3], 


25, 164) by the action of permanganate obtained 
some quantity of hemipinic acid-^ 

COOH • 

* MeOj^jCOOH 

Subsequently, W. H. Perkin, junr. (Chem. 
Soc. Trans. 1889, 55, 76 ; 1890, 67, 991 ; 1910, 
97, 323) published a series of elaborate researches 
on this subject, and it is almost entirely to those 
that our present knowledge of berberine is due. 
By adopting special precautions and by the 
employment of a very large q uantity of material, 
this author succeeded m obtaining from berberine 
hyilrochlorido by the action of permanganate, 
numerous important compounds, the study of 
w'liicli gave the clue to its constitution. The 
operations employed are of too involved a nature 
to be dealt with m detail here, but a general id^ 
of the methods enqiloyed can be gathered from 
the scheme given below, drawn up by the 
investigator himself (l.c. J890). 

Among the oxidation products of berberine, 
aiiliydroberbcnlic acid and berboral have 
proved to be the most important, and these only 
will be di-scussed here m detail. 

Anhydiobeihcnltc acid ('ooH’i 7 NOj,, ^ its 
name denotc.s, is an anliydro derivative of 
berbenlic acid, into the sodium salt of which 
it is readily transfonru'd by the gentle action of 
sodium liydroxido solution - 
CjoHi 7 N O 3 + 2NaOH - ( '20 H uNO oNa a -f H jO 
Berbenlic acid, C 20 H 19 NO 9 , though only slowly 
attacked by alkalis, is readily hydrolysed by 
boiling dilute sulphuric acid, and Perkin thus 
obtained hcmipiinc acid and a basic compound 

(^aoHi^NOj-f-HaO^ 

C1J,0 
CU 3 O 

Tliia latter substance proved to consist of 
[ a-aminocthylpipcronyl-carboxylic acid— 


> 


/COOH 

C.H/ +CioHnN04 


“\cooh" 


Bjdbdeeine JfyjiRoi’nLoninE is Oxidized with Potassium J^eumanoana'Hs, tjib Pboduct 

TREATED WITH ShLPH U llOUS ANHYDRIDE AND FILTERED. 


Yellow Precipitate treated with Warm Dilute 
Sodium Carbonate Solution and tilteied. 


Reiidue 

contains 

berberine 

hydroKcn 

sulphite, 

ter*' 


Iteaidue boiled with acetic acid 
and filtered hut. 


Solution on cooling 
deposits crystals 
whlcli .TTo separated 
bi liU ration. 


Residue Solution 
consists of contains 
anhydro- ' berbeial, 
berboiilk; (J2ofli7NU; 
acid, I 


Solution 
contains 
berberillc 
I acid, 
IC 20 W 10 NO, 
and some 
anhydio- 
borberillc 
acid, 

iU,oH„NO, 


Yellow Filtrate evaporated to Half Its Bulk and filtered. 


Precipitate 

contains 

oxyber- 

beilnc, 

|CanHl7N05, 

1 diox y ber- 
berine, 
CjoHjvNOe. 
‘ auliydro- 
berbei ilic 
acid. 


Solution evaporated to half its bulk and extracted 
twenty times with ether. 


Ethereal solution evaporated, residue 
bulled with dilute sodium carbonate 
solution and filtered hot. 


Residue \ 
[contains! 
hemi- 
pinic 
Huiiy- 
dmle, 


(Solution allowed to cool and 
filter. 


Crystals 
of (D-ami- 
do ethyl- 
plper- 
onylcar- 
boxylic 
anliy- 
I diidc, 
[CioTlgNO; 


Solution acidified 
wltli hydrocliloiic 
acid and filtered. 


Residue 

contains 

borlllcacld,| 

C^qHuNO,' 


Solution 
contains 
bydrasiic 
‘ acid, ' 

ana 

hemi- 

pinic* 

, acid, , 

CjoHigOg 


Aqueous 

sdution 

contains 

heniipinlc 

acid, 

w-amido- 
ethylpiper- 
onylcarb- 
oxyllc an- 
, hydride, , 

inorganic 

•alts. 
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CH.-O 

Nj/Ngooh 

t^yCH.-GII.-NH,. 

and the main facts which lead to the determina- 
tion of its constitution are as follows : — 

When boiled with water, it readily loses the 
elements water with production of the 
anhydride— 

/CO— NH 

CH / I 

\0/. \CH,~Clfa 

which reacts with nitrous acid to give the nitroso 
derivative — 




/O. /CO • N-NO 

/ \r.^y 




aifd this compound vith dilute caustic soda 
evolves nitrogen with the production of w-/iy- 
droxyeihylpiperu )iyl-carbox;/l ic a ad — 


/ 


Ov 


/ 


COOH 


CH,( 

\y ^CflaCH.-OH 

The anhydride— 

’ ,/0\ /CO— 0 

CH/ VaH / I 

^0^ \'lla-CHa 

readily obtained from this lailer by merely 
boiling wilh water, when Insi'd with alkali yields 
catechol and protocakchiuc uad — 


OH- 

011 


^(^alTg-COOH 


and by the action of hydrochloric acid at 170®- 
176® is converted with loss of carbon, a reaction 
characteristic of^ piperorial derivatives, into 
hydroxyelhylcatechol-carboxylic anhydride — 

/Ov /CO — 0 

Cll/ >CaH I 
\0/ \ClI 2 -CHa 

0H\ /CO — 0 

= I +<-: 

oh/ x;H,-(’ir, 

As the result of these eAperiments, there could 
be little doubt tluit bcrbenlic acid (1) and its 
anhydride (2) possess the constitutions given 
below— ' 

OMe 

MeOj^— COOH COOh/\o\ 

l^-CO-NH-CU,CH,-C/lo/ ’ 


Berhcral/ As in the case of borberiUo 
acid, the constitution of berberal has be«Ei 
esiafolished mainly by a study of the products 
of its hydrolysis. By the action of alcoholic 
potash it yields <i)-arainoethylpiperonyl-car- 
boxylic acid and an acid''CxoHio 05 , and thus 
resembles bcrbeirilic acid which under similar 
conditions gives hemipinic acid in the place of 
this latter. 

The acid Cio^Iio^^b examination proved to 
be constituted similarly to opianic acid (1), and 
was, therefore, termed 'pseiido-opiunic acid (2) — 
MeO MeO 

MeOr^rooH MeOfYlOH 
l^UOH (2) V^COOII 

Thus by tlie action of caustic potash solution it 
gave V era trie acid — 

MeO 


McO^ 


'COOH 


and when reduced formed the unstable acid (3) 
winch readily passed into paeudomeconuie — 

MeO McO ,,.r 

0 

/ 


McO|]CHjOH McO! 
(3) i^COOH (^) 


UCU p.r 

O yC/iiav 


lh*rkin now found that whereas pscudo-opianio 
acid and a>-ajnjiiocthylpi])crojiyi-carboxylic acid 
on heating together give lii'st the salt of the base, 
tliat this anbsoqncritly by elnnmation of water 
passes into berberal — 

C,oHio<>6 + bboH»NOa=CaoHuN07+HaO 
Ap[)arently, thercfoic, berberal could bo repre* 
sented as billows : — 


0 CH. 




OMe‘ 


MeOf^— CO. 


COOH^O. 
«-ClH-l Jo/ 


(2) "^ n I 

k^-CO-N— CHa-ClIa-i^ 0- 

and that these are correct was subsequently 
established by the observation that the hemipi- 
nate of w-aminoethylpiperonyl-carboxylic acid 

(3) on heating is transformed into anhydro- 
Wberiito acid — 

(3) 

MeOJ „ ^OOH COOH. A 


MeO 

Mco/\-cojr ^.co- 
_(J0-N-CH,-CH, 


and this formula was at first adopted. 

Licbermanu, however (Ber. 189h, 29, 175), 
subsequently pointed out that when opianic 
acid reacts vvuth aniline to form anilinoopianic 
acid (1) the latter behaves as a derivative of 
hydroxyphthahdo (2) — 

MeO MeO qq 

>. . .. «rCf > 


iviev f 

MeOl^' 

(I) IJ. 


"CH-NH’C.H, 




and it is now generally accepted that in the 
condensations of opianic acid with basic sub- 
stances, it is always the carbon atom of the 
aldehyde group which becomes attached to the 
nitrogen in the final product. 

As a result of this later work, Perkin and 
Robinson have modified the original ex» 
pression for berberal as follows : — 

/CH N-Caj’CH/Xr 

An examination of the formula both of berbfflfilio 
acid and of berberal, led Perkin in 1890 to the 


s^-GH^'Ch/NOv 

! cotjo>»> 
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consideration that in berborine the following 
groups of atoms are present— 

MeO 

MeOf^-C and ~N-ClIo~CH,-/\(\ 

kJ-G ' 

and lliat, in order to construct a formula for this 
alkaloid, these require to be united with the 
addition of but one atom of hydrogen. As a 
result the following constitution was assigned to 
this alkaloid — 


CH, 0 ; 


this structure being based upon the older 
formula of berbenue, (' 20 ^ 1 i 7 NC) 4 , which at that 
time was eoiisiden'd to be correct. 

Subsequently Perkin and Kobinson jiointed 
out that the iiK'tliylenedioxy-group in 
Perkin's origmal formula* had been in- 
correctly placed, as was evident fiom an 
©xammation of the struiture of w-ainmo- 
ethylpipcronyl-carboxylic atid (r/. also Preund 
and Bock, Bei. PfO-t, 37, 4073). Morcov»T, 
as a result of the newer views of the former 
authors as to tlie constitution of berberal (l.r.) 
the position of tlie nietlioxy groups in the okJ 
berberine formula required modification. It is 
now considered that berborme has the formula 
and is represented by formula ( 1 ), 
and that for the purpose of suit formation it 
undergoes change into tlx- modili cation calk'd 
berberinium hydroxide ( 2 ), from w'hieli tlie suits 
are obtained bv the replacement of the UJrl 
group by the tieid radical— 



0 - 


( 1 ) 




-CH, 


MeO I 


on 


0 — cn, 

,0^ 


( 2 ) 


MeO 


OH 


ClI, 


I’he reasons for this assumption (W. H. Perkin, 
jun., Chem. Soc. Trans. 1918, 113, 503) are based 
on the similarity bet^^een berberine and cotar- 
nine, but are too coniplex to enter into in this 
article, and for their understanding the literature 
must be consulted (cf. Robinson an!l Robinson, 
Irans. 1917, 111, 958). 

Interesting is the fact that though the salts of 


berberine are derived from the hydroxyl formula 
and contain the grouping — ^ 

(whore X=C1, H 8 O 4 , NO„ &c.), the alkaloid 
itself exists as a difierent modification. 

When berberine sulphate is treated with 
barium hydroxide (Gadanier), a strongly alkaline 
liquid IS produced which possibly contains the 
hydroxy modification of berberine (berberinium 
hydroxide), but if to this solution excess of 
sodium liydroxide is added, the yellow modifica- 
tion known as bn hound is obtamed. The con- 
stitution assigned to this substance by ClTldamer 
was — 


( 1 ) 


McOi 




O Clf, 


\ NH' 
MeU AHO 


;cu. 


CJl, 


but its most ])robabIe structure is that tepre 
sented by the formula — * 

0 — ca, 

^“\r. 


/y 

MeO ^ 






(JR. 


OH 


[cp. Tinkler, C!}iem. Soc. Trans. 1911, 99, 1346), 
When treated with excess of alkali, berberinal 
yields dihydroberbenne ( 1 ) with simultaneous 
formation of oxyberberiiie ( 2 ), owing, according 
to Oadamer, to the conversion of the COH group 
into C^HjfOH) and COOH in the manner cha- 
racteristic of aromatic aldcii^des — 



The latter compound was first obtamed 
by Perkin as an oxidation product of ber- 
berine. 

On the other hand, Faltis (Monatsh. 1910, 
31, 657) considers the reaction of berberinal with 
alkali to be similar to that which takes place 
between quinoline methiodide undef the same 
conditions and that the products of the reaction 
are oxyberberine and tetrahydroberberine {cf, 
Bekker, 1903, 1205 and 2568). It has, however* 
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been, shown conclusively that Faltis^ view 
is incorrect (W. « H. Perkin, private com- 
municatfon). 

Berberiiio is closely allied to hydrastinc, 
whicli occurs along with it in hydrasiia canadensis, 
and the* relationship between these compounds 
is clearly evident, if the formula of Gadamer for 
berberinal Wd that of hydrastinc {see above) 
are compared— 

0 Cllj, 





I Y 

, , " I 

MeO^. ,1, I NATc 

^ Ilydrastinc. 

In 1011 Ihcbit and Gums (Her. 1911, 44, 
2480) were successful m cftecting the synthesis of 
berberine by the folluviiig senes of reactions. 
Homopiperoiiylamme, 


by condensation viLli the chloride of homo 
veratne acid, 

(CH,0),CelT,-CH,CO(;l, 
yields homo-vcratroyl-homopiperomjl/imine (1) — 
O — ^41 a 

( 1 ) 0 

“'oU Li. /!ir. 

MeU 


and this compound on treatment with phos- 
phorus pentoxide in the presence of boiling 
xylene is transformed into the dihydro-quinolmo 
base (^). By reduction with tm and lij^drO' 
chloric acid this passes into veralroyl-methykne- 
dioxy-ietrahydro-iso-qainolinc {veratryl norhydro- 
'hydrasUninc) (3) — 



( 2 ) 



which on treatment with methylal, CH,(OCH,)|, 
give^ telrahydroberberine (4), a compound 
originally prepared by Hlasiwetz and Gilm, and 
subsequently examined by Perkin and others. 
This by the action of mild oxidising agents such 
as iodine or mercuric acet&.te is readily trans- 
formed into berbormo (5) — 



For the synthesis of oxy berberine the paper of 
Pictet and Spengler (Ber. 1011, 44, 203G) must 
be consulted. 

Numerous jilants contain berberine, and 
though most of these have been or are used 
medicinally, their employment for dyeing has 
ajinarently been of lare occurrence. The 
following list embodies most of these : — 

Berberis atiiujohim (Gordin, Arch. Pliarm, 
1902, 240, 140), B. odncnsis (Perkin, Chem. Soc, 
Trans. 1897, 71, 1198), Cossmium feitestraium 
and Xanlhorrisa aqutfolia (Perrins, Annalen, 83, 
270), Hydiasiis crtnadcims (Mahla, Amer. Chem. 

J. [2], 33, 843), Coj)h3 acela and C. trifolia, 
Chdidonium majus and Stylophorum diphyUum 
(Sclilotterbeck, Amer. J. Pharm. 1902, 74, 684), 
Evodia melicefuha and Toddalia aculeata (Perkin 
and Hummel, Chem. iSoc. Trans. 67, 414), 
Xanthoxylum clava Hcrculis (Chevallier and 
Pellctan, Journ. de Cliim. Mc'dicale, 1826, 2, 
314), yellow Assam wood or ‘ Woodumpar ’ 
(Crookes’ Dyeing and Calico Printing), Coeloeline 
polycarpa (Stenhouse, Annalen, 06, 384 ; 69, 40), 
ArcJuin/jelisa kmnis-cata (Becc.) and Mahonia 
nepaknsis (D.C.), (Brooks’ Philippine Journ. of 
Science, 1^10, v. 442). 

For the commercial preparation of berberine 
the Hydrastis r/mndensis, which contains about 
4 p.c. of the alkaloid, forms the best available 
material. A. G. P. • 

BARBITAL and BARBITONE. See Veeonal, 
Pyeimidines and Synthetic Drugs. 

BARBITURIC ACID v. Malonyxcabbamidb. 

BARILLA or BARILLOR. (PT. Barilk.) 
Commercial name of an impure soda obtained 
from the ashes of the Salsola Soda (Linn.), 
formerly crown specially in Spain, Sicily, 
Sardinia, the Canary Islands, and the Levant. 
The seed was sown at the end of the year, and the 
plants were ready for cutting in September of the 
following year ; they were usually burnt during 
October. A hole capable ^f holding one or two 
tons of soda was dug in the ground and covered 
over with an iron grating; the dried plants, 
mixed with* canes, were heaped on this and set 
on fire. The heat was sufficient to melt the ash* 
which ran down and collected in the hoh* Horn 
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material was supplied to the fire till the hole was 
full of fused soda; it was then covered, with 
earth and left to cool,* after which the porous 
mass was broken out and was ready for shipment. 
Contained about 20 p.c. alkali, together with 
chlorides and sulphates of sodium, calcium and 
aluminium and very little sulphur. Formerly 
much used for making soda soap ; little, if at 
all, used now. 

Kelp is sometimes called British Barilla. 

BARIUM. Symbol, Ba. At. wt. 137*;i7. 

The name ‘ baroto ’ (from jSa/jws, heavy) was 
given to the earth contained ni heavy-spar 
{terra ponderosa) by Cuyton do Morveau m 
1779, and was afterwards altered to ‘ baryta ’ by 
Lavoisier ; the name itself, therefore, is indie a- 
tive of the great density of its comjiounds. 
Barium ocoura principally as the sulphate, 
barytes or heavy-spar BHS 64 , and is generally 
found associated with metallic oies containing 
sulphur. Uieulafait (Ann. (Jliim. Phys. [5] 15, 
530) has sho^vn that all primary rocks contain 
barium in sufficient quantity to be easily 
detected. Barium also occurs in nature as 
witherite BaCO,, haryiocelcsiite (BaSrCa)S 04 , 
haryiocalcite (BaCa)C 03 , aktomlc (BaCajCOa, 
and in certain varieties of the ores of manganese ; 
also in certain silicates, as hrewslcriie H^lSrPn) 
Al2SieOi8,3H.^O, harmotomcjil 4 (K 2 Ba)AliSi 6045 ' 
4HaO, and hyalophane or baryta- felspar K Jta- 
2 Al 2 Si 80 i; 4 , and frequently in mineral watius. 
Barium is also ‘fiequently found in calcium and 
strontium minerals, replacing a portion of those 
elements with which it is isomorphoiis. 

It is never found native. Its oxide, baryta 
BaO, was first recognised as a peculiar earth 
distinct from lime by Scheele in 1774. 

Preparation . — Davy (Phil. Trans. 1808, 354) 
electrolysed a moist paste of a barium salt, 
using a cathode of mercury. He thereby 
obtained a poor amalgam which on distillation 
yielded a silver -white solid that he believed to bo 
metallic barium, but which in reality was only 
a rich amalgam as shown by Donath (Bcr. 
12, 746). 

Bunsen (Pogg. Ann, 91, 019) slightly modified 
Davy’s process, heating the amalgam in a 
charcoal boat in a current of hydrogen, obtaining 
a tumefied mass which was probably a mixture 
of hydride and carbide. Ountz has also shown 
that Kern’s method (Chem. News, ^1, 243) of 
heating the iodide with sodium yields a sub- 
iodide which decomposes water. 

Clarke (Ann. Phil 17, 419) exposed baryta 
to the action of the oxy- hydrogen blow-pipe 
fiameon charcoal and obtained metallic-lookmg 
globules probably of barium carbide. 

Matthiessen (Aunalen, 93, 277) electrolysed 
the fused chloride and obtained metallic- 
looking globules which were probably sub- 
ohloride. 

Maquenne (Bull. Soo. chim. (3) 7, 368) 
heated the amalgam in vaevo, but owing to 
decrepitation of the substance and rupture of 
the tube he was unable to obtain satisfactory 
results. • 

Guntz (Bull. Soo. chim. [3] 29, 483), by 
studying the same process, was finally able to 
distil off all the mercury without# decrepitation 
or bursting of the tube. After many experi- 
ments, he finally adopted the following method : 
An amalgam containing 3 p.o. of barium was 


pre[ ared according to Davy’s original process, 
and 6 tb 6 kilos of it w'ere ^tilled in an atmo- 
sphere of hydrogen under reduced pleasure to 
such a point as to obtain an amalgam having a 
close grain and not readdy oxidlsable, containing 
about 10 p.c. barium. About half » kilo, of 
it was then placed m an iron boat contained in a 
large porcelain tube. Over the boat was placed 
a nickel spual to prevent spurting and loss. 
The tube was then heated very slowly by an 
electric current circuit so as to arrive at a dull 
red heat in about four hours, a vacuum being 
maintained in the tube. The amalgam slowly 
loses mercurv witliout change of form, and 
tow^ards 900“ it suddenly liquefies, when the 
current is turned off to avoid ebullition and 
loss. The amalgam so obtained, cqptaming 
about 65 p.c. barium, has a coarsely faceted 
crystalline structure, and quickly oxidise^ in 
air. For the last operation it is placed in a 
nickel boat contained in a porcelain tube lined 
with nickel foil The latter is necessary as 
when the barium distils towards the end of the 
operation its corrosive action on the glass 
causes rupture. The tube is maintained at 
900'* for two or tlireo hours under diminished 
pressure, keeping-the ends of the tube ^itably 
cooled ; then at 950“ for one h«ur during which 
time there is a considerable loss of barium. 
The barium so obtained is kept in an atmosphere 
of dry carbon dioxide. A sample obtained by 
dist.iliiiig half the barium had the composition 
Ba 98-35, ITg 0*83, Fe 0-40. In repeated experi- 
ments Guntz failed to obtain barium much 

{ Hirer than 98 p.c. He, however, found in his 
ater experiments that by preparation of the 
hydride a much purer metal could be obtained 
(Compt. rend. 141, 1240). I^e method is a 
niodilication of the eaiher expei’iment. After 
the preparation of the nietnFin the above way 
pure dry hydrogen is allowed to enter the 
tube, maiutaiiied at 900*. It is then heated 
to 1200 *, just below the fusion point of the 
hydride ; by this means every trace of mercury 
can be removed. The hydride contained in a 
nickel boat is then placed^in the nickel-lined 
tube, healed in a vacuum at 1200 °, whereby 
the hydride is completely decomposed and the 
volatilised barium is condensed on a polished 
steel tube cooled by circulating water placed 
inside whiTo the vajioiirs nre being liberated. 
The metal so obtained assayed 99-5 p.o. barium 
and was free from hydrogen. 

A very convenient laboratory . method for 
preparing small quantities of barium, also due 
to Guntz, is to heat barium oxide with one- tenth 
its weight of metalhe aluminium at 1200 ° in a 
vacuum. The metal condenses in the cooler 
part of the tube and assays as much as 98*8 p.c. 
liarium. 

Maiignoii (Compt. rend. 156, 1378) has 
obtained barium by heating the oxide (3 mols.) 
w'lth silicon (1 atom.) in a vacuum, in a steel 
tube, at 1200°. The metal distils off and con- 
denses in the cooler part of the tube, the reaction 
being — 

3BaO+Si=BaSiO,-i-2Ba-37 cals. 

The siheon can be replaced by feiw-siUoon con* 
taining 95 p.c. silicon. 

The preparation of the metal by electrolysis 
of the fusedf oxide or chloride does not ap^aJ to 

be attended with lacoess ; sub-salts are formed, 
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and the current passes without further action 
(Z/Eleotrooh. 9, 291). 

Properties . — Barium when absolutely |iure 
is a silver-white metal with a density of 3*78. 
It is slightly harder than lead. It melts at 
about 860'’ and commences to volatilise at 950®. 
Barium oxidises rapidly in air, yielding princi- 
pally the monoxide ; the powder easily takes 
lire spontaneously. Guntz states that molten 
barium attacked all the metals he tried, iron 
and nickel being the most resistant. Barium 
decomposes water and alcohol in the cold, yield- 
ing in the latter case barium ethoxide. 

Oxides of barium, Throe oxides of barium 
are known — barium suboxide BiijO, barium 
oxide or baryta BaO, and barium peroxide 
BaO,. ■ 

Barium suboxide Ba,0 is obtained, accitrding 
tO 'juntz (Comj)t. rend. 143, 339), by heating 
the protoxide with magnesium or barium to a 
temperature of 1100®. It is a black mass which 
decomposes water. 

Barium oxide, protoxide, monoxide, or 
baryta, BaO, is the oxide formed when the metal 
bums m air. It is more leadily obtained by 
heating (1) the nitrate or (2) the carbonate of 
barium. 

(1) Barium nitrate heated progressively, 
fuses, then decompo.ses with the liberation of 
nitric fumes and much frothing leaving a porous 
mass of barium oxide. 

(2) The carbonate may also be converted into 
barium oxide by exposing it to the stronge.st heat 
of a forge fire ; but the last traces of carbonic 
acid are only expelled with difficulty. However, 
at an ordinary white heat, this may be accom- 
plished by mixing the carbonate with one- tenth 
of its weight of lampblack or charcoal and 
making into a tliicl^paste with oil or tar, carbonic 
oxide being evolved, thus : 

BaC03+C=Ba0 + 2C0. 

The mixture should bo heated in an earthen 
crucible lined wth lampblack and fitted with 
a tight cover ; on the large scale witherite is 
thus converted into baryta for use in separating 
crystallised sugar from molasses. In a second 
baryta-manufacturing process a mixture of the 
carbonates of barium and calcium is ignited in 
a current of aqueous vapour. 

(3) On the small scale, barvta may be easily 
obtained by heating barium iodate, wliich readily 
gives up all its iodine, together with five-sixths 
of its oxygen, without fusing or frothing : 

Ba(I08)3=Ba0+I,03. 

Barium oxide as prepared by the above 
methods is generally a greyish-white friable 
mass of specific gravity 4 -7-5 -5. Briigclmann 
( Annalen, [2] 4, 277), by heating barium nitrate in 
a porcelain flask, obtained minute crystals of 
BaO belonging to the regular system, of sp.gr. 
5*722. He found later that by heating the 
oxide in a clay or graphite crucible he obtained 
ne^es belonging to the hexagonal system 
sp.gr. 5'32> but if heated in a platinum crucible 
the oxide is obtained in cubic forms, sp.gr. 
6*74. It is therefore dimorphous (Zeitsoh. 
ansii. Chem. 29, 127). It is only just melted 
even by the^'heat of the oxybydrogen blow- 
pipe ; l^ut in the eleotrio furnace it may be 
readily liquefied and volatilised. The liquid 
on cooling yields a crystalline mass (Moissan, 


Ann. Chim. Phw. [7] 4, 139); it is a non- 
conductor of electricity, but in presence of 
mercury may be electrolysed into barium and 
oxygen. BaO is strongly alkaline, caustic, and 
poisonous. Fluorind attacks it in the cold, 
liberating oxygen, the mass becoming incandes- 
cent. Dry chlorine has little or no action on the 
perfectly anhydrous baryta. It is deoxidised 
by potassium at a red heat, and slakes with 
water, forming barium hydrate Ba(OH)j with 
such energy that the whole mass bMomes 
incandescent provided the amount of water 
be not too large. It rapidly absorbs moisture 
from the air. It unites with methyl and ethyl 
alcohols, forming the compounds Ba0,2CH40 
and BaO,2C2HaO. Heated in the vapour of 
carbon disulphide, it forms barium carbonate 
and barium sulphide : 

3BaO-}-CS2=BaCOj+2BaS. 

It dissolves readily in dilute nitric and hydro- 
chloric acids, but with most other acids forms 
insoluble salts. When vapour of sulphuric an- 
hydride is passed over it, heated to low redness 
in a glass tulie, formation of barium sulphate 
BaSOa occurs with incandescence. 

Barium peroxide or dioxide BaOjj is formed 
when anhydrous baryta u heated to a dull red 
heat in a stream of oxygen or of air freed from 
carbonic acid. Bariuiri hydroxide may be similarly 
converted into the peroxide, but loss readily, as 
it fuses below the temperature of absorption of 
oxygen ; but the absorption may be rendered 
rapid by mixing the hydroxide vitb lime or 
magnesia which prevents fusion and keeps the 
mass porous. Peroxide of bariam may also be 
obtained by sprinkling red-hot baryta with four 
times its weight of powdered potassium chlorate 
in successive small portions ; the potassium 
chloride simultaneously formed may be washed 
out with water, leaving the peroxide in the form 
of a hydrate. 

The peroxide obtained by these means is not 
pure, being contaminated with a little uncon- 
verted barium oxide, iron, silica, and other sub- 
stances denvcvl from the preparing vessels. In 
order to purify it the finely pow dered crude pro- 
duct is gradually added to an excess of dilute 
hydrochloric acid, avoiding any considerable rise 
of temixrature ; the crude substance dissolves, 
forming barium chloride and peroxide of hydro- 
gen, The solution is filtered from insoluble 
matters and treated with baryta w*ater until the 
silica and ferric oxide, together with a little 
hydrated barium peroxide, regenerated by action 
of the peroxide of hydrogen upon the barium 
hydroxide, are precipitated. The liquid is again 
filtered and then supersaturated with baryta. 
By this means the .whole of the peroxide of 
hydrogen regenerates barium peroxide, whfoh il 
precipitated in minute prisms or laminee of the 
hydrate Ba02,8H20, in which condition the per- 
oxide is best preserved, and is a suitable form for 
use in the pjopa ration of peroxide of hydrogen. 
On drying at 130® or at ordinary temperatures in 
vacuo it 18 converted into pure anhydrous barium 
peroxide. • “ 

The preparation of barium peroxide in the 
wet way always yields the octohydrate wh«i 
more than one molecule of baryta is present per 
molecule of H|Oj|. Above 60® it is formed, what* 
ever the composition of the solution. Below 40® 
the di-peroxy hydrate BaOi^SH^Oi is obibainedi 
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from solutions containing much H-O,. A 
compound BaOj.HiOj may be obtained between 
30® and 60® (Zeitaoh. Anorg. Chem. 89, 40o). 

Barium peroxide is a grey, impalpable powder, 
^ slightly more fusible than the monoxide. The 
temperature of didfeocialion depends upon the 
pressure. According to Le Chatclier (Compt. 
rend. 115, 654), the figures are as follows : — 


Temp. C.° 520 656 050 670 720 736 750 775 786 790 
Press, mm. 20 25 06 80 210 200 340 510 020 670 

These pressures vary according to the degree of 
decomposition being highest at tlie coininenco- 
ment of the operation. Brin’s method of 
preparing oxygen depends upon the above 

E cal factors. The spongy protoxide of 
m prepared as indicated above is placed in 
thin beds in iron retorts heated by special 
furnaces. The temperature is maintained as 
constant as possible between .500° and 600®. 
Air which has been freed from moisture and 
carbon dioxide by passing first over quicklime 
and then over caustic sodcT is forced by^^iumps 
through the retorts whereby the Ba() is con- 
verted to BaOj. The residual nitrogen is 
allowed to escape into the atmosphere. When 
the peroxidation is complete a set of valves 
places the retorts in connection witii the exhaust 
pumps, the reduction of pressure causing libera- 
tion of oxygen. The first portions arc allowed 
to escape until the pressure measures 65 cm. 
mercury, another set of valves then comes into 
play and avioomatically connects the retorts 
with the gasometer. 'I'Ik; oxygen obtained is 
97 to 98 p.p. pure. Barium peroxide is used 
in the preparation of hydrogen peroxide or 
dissolved in accidulated water as a bleaching 
agent. 

Peroxide of barium is decomposed by sul- 
phuretted hydrogen at ordinary temperatures, 
and when heated in a current of enrbonio oxide 
it becomes white hot. It becomes incandescent 
when heated in sulphur dioxide. When treated 
with strong sulphuric acid at a temperature 
exceeding 70®, oxygen is given off ; at lower 
temperatures the oxygen is mixed with OTione. 
When the peroxide is mixed with acidulated 
water in presence of oxide of silver, peroxide 
of manganese, or peroxide of leai oxygen 
is evolved both from the peroxide of barium and 
from the other oxide. A small quvitity of a 
silver compound is capable of decomjiosing a 
Urge quantity of barium peroxide, but ioefine 
decomposes an exactly equivalent quantity : 

* BaOg-}-! j”BaIj-|-02* 

The amount of active oxygen in BaOj may 
be determined by adding a knovTi quantity of 
the peroxide to pure hydrochloric acid, then 
potasiaura iodide tree from iodate together with 
excess of bicarbonate of soda, and titrating the 
liberated iodine with a standard solution of 
sodium thiosulphate. It may also be estimated 
by titrating an acidulated solution with standard 
potassium permanganate (Bertrand, Bull. Soo. 
chim. 12] 33, 148). 

Barium hydroxide, Hydrate of Baryta, or 
Cavstic Baryta Ba(Oll )2 orBaO-HjO, is formed, 
with great evolution of heat, when water is 
added to anhydrous baryta (barium oxide): 
Ba0+Ha0-Ba(0H)2. 

A hot concentrated solution of equivalent 
quantiUes of barium nitrate and sodium or po- 


tasaium hydroxide deposita, on cooling, otystala 
of barium hydroxide. Soda i| usually employed, 
of sp.gr. 1 ‘10-1 ‘15, and the or^tals obtained are 
freed frotfi mother liquor by lining, or better, 
by moans of a centrifugal machine. 

Commercial caustic baryta is prepared on 
the largo scale by igniting the native sulphate 
01 heavy spar with coal or charcoal, •whereby an 
impure barium sulphide is obtained, and heating 
this is earthenware retorts into which a current 
of moist carbonic acid is passed, thus converting 
it into carbonate : 

BaS-fC02+H20=BaC03-fH2S. 
Superheated steam is then passed over the 
heated carbonate, when the following decom- 
position takes place : — 

BaC0,+H20=Ba(0H)2-fC0j. > 

According to R. Heintz (Chem. Zoit. 1901, 
199), only the carbonate is used to any extc^it. 
The calcination is cf)ndneted in specially eon- 
atnicted furnaces lined with basic material 
and heated with producer gas. The product 
eontams 95 p.c. BaO, 'J’he same author reviews 
the methods that have been suggested for the 
manufacture of baryta from barytes, and con- 
siders them too costly for the production of a 
cheaj) eoitiinereinr oxide. • 

Marino (dazz. ehitn. ital. 43, 410) has shown 
that the reduction of barium sulphate to sulphide 
is effected by reducing gases, especially water gas, 
more readily than with the use of coal, the reduc- 
tion ocinirnng at r)25°-540®. In practice 
600®-025® is used, and a yield of 95-98 p.c. was 
obtained in an experimental furnace. Baryta 
is then jirejiared by the electrolysis of a solution 
of barium sulphide by Brochet and Kansorae’s 
process, a diaphragm of high resistenee being 
employed in all cases. The best results are 
ol)tain(‘d with copper elcctroi^es and a solution 
containing 20 p.c. of JiaS. 3’he barium hydrate 
at the anode increases as long as the concentra- 
tion does not fall below’ .5 p.c., and in concen- 
trated solutions, at 70® -80° amounts, after 
24 hours, to 13 grms. per litre. Formation is 
due to interaction of hydi^ixyl ions with the 
BaS. 

(’austic baryta crystallises from water in 
large, transparent, colourless, quadratic prisms 
capped by pyramids. The crystals Ba(OH)|, 
HHjO are iaomorphoiis with the corresponding 
strontium compound. They dissolve in 20 parto 
of water at 15®, and in 2 parts of boiling water. 
The aqueous solution known as baryta water is 
highly caustic and of strong alkaline reaction, 
rapidiy ’becoming covered with a film of car- 
bonate owing to absorption of atmospheric car- 
bonic acid ; hence it is frequently used in the 
determination of the amount of carbonic acid 
contained in the air. On exposure to air the 
crystals fall to a white powder, with loss of 
seven molecules of water. Do Forcrand (Co^t. 
rend. 103, 69) isolated the hydrate Ba(0H)jjr,0 
by allowing the compound" BaO, 2CHjO+2HjO 
to evaporate over sulphuric acid tn vaGuo^ 
H. Lesooeur (Compt. rend. 96, 1678) shows that 
at 100° Ba(OH) 2 ,HjO has a tension of dissOhia- 
tion of 46 mm., and that this hydrate is com- 
pletely converted to Ba(OH)j whqp heated to 
100° "»n vacuo. Lescoeur also proves that the 
dissociation tension of Ba(0H)„8H,0 is 218 
mm. at 76°, so tha^ at this temperature til three 
hydrates of BaO Inay exist simultaneously. 
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Bii(OH)*, when heated alone, i« only reduced Commercial barium chloride gmeratly eon- 
to baryta above a fed heat ; if not heated abore tains small quantities of strontium and calcium 
redness,' it re-forms, on cooling, a crystalline ohlondes, together with traces of the chlorides 
mass of Ba(OH)j, but when heated in' a current of iron, aluminium, copper, and lead. Washing 
of air it takes up oxygen and is converted into the crystals with alcohol removes both the 
peroxide of barium with loss of water ; when strontium and calcium chloHdes, whilst calcium 


heated in a current of carbonic acid it also loses 
water and Is converted into barium carbonate : 
Ba(0H),4-0=Ba0.,+H20. 

Ba(0H)j+C0j=BaC03+Hj0. 

Baryta has until recently been used in the 
processes of sugar-refining, inasmuch as it forms 
the compound CijHj^jOiiBaO with cane-sugar, 
which, when treated with carbonic acid gas, is 
decomposed into insoluble barium carbonate and 
sugar, hence aflording a means of separating the 
ure suqar from the molasses ; but as strontium 
ydrate acts in a similar manner, and is not 
pc^onous, it has been substituted for baryta in 
sugar-refining. 

Hydrated barium peroxide. Schone has 
shown (Ber. 13, 803) that only one hydrate of 
BaOj exists, containing 8 molecules of water, 
Ba0i,8H20. This hydrate is precipitated in 
crystalline scales when peroxide of hydrogen is 
added to concentrated solul.ions of barium 
hydro^dde. It is slightly solnble in cold water, hut 
decomposes in boiling water, forming Ba(OH )2 
and evolving oxygen. 

Barium subchloride BaCl is obtained (Guntz, 
Bull. Soc. ehira. [3J 29, 490) when equal amounts 
of BaCl, and Ba are heated together in vacuo at 
860°. Tlie fragments of Bat.lj absorb the molten 
barium without change, and are microcrystallinc. 
Th e matori al s o o htained i s n ot pu re. 1 1 decom - 

S osos water. By using Na, a definite compound 
[aCIBaCl can be obtained. BaCl appears to he 
formed when electrolysing fused BaClg. 

Barium chloride BaCl,. (-’rystuUised {terra 
ponderosa salita) 2>aCljj,2H20. Barium chloride 
may be prepared either from withorite, the 
native carbonate, or from heavy-spar, the native 
sulphate. The witherite is dissolved in dilute 
hyarochloric acid and the solution allowed to 
stand some time in contact with excess of the 
carbonate, which is added te precipitate iron and 
other foreign metals present in the mineral ; 
the rapiity of precipitation is much increased j 
by the ad^tion of a little baryta water. The j 
filtered liquid is then neutralised with hydro- 
chloric acid, and the salt crystallised out and 
purified by recrystallisation. 

From the native sulphate barium chloride 
may be prepared in two ways : 

(1) By heating the sulphate in a crucible with 
powdered coal and decomposing a filtered solu- 
tion in water of the barium sulphide formed with 
hydrochloric acid ; BaS + 2HC1 = BaCl g + H jS. 

Excess of hydroclilorio acid is added, and 
the liquid boiled till free from sulphuretted 
hydrogen ; it is then filtered, coOlod, and evapo- 
rated to the crystallising point. 

(2) By heating a mixture of 100 parts finely 
powdered heavy-spar, 40 parts of charcoal, 20 
parts of limestone, and 60 parts of calcium 
cblpride to a red heat in a reverberatory furnace, 
by which barium chloride and calcium sulphide j 
are formfed. The mass is lixiviated with water, 
when the fearium chloride is dissolved out, 
leaving^an insoluble calcium oxysulphide formed 
by the union of the sulphide with the oxide of 
calcium produced by ignitipn of the limestone. 


chloride may also bo removed by digesting with 
barium carbonate suspended in water, when the 
calcium chloride becomes converted to car- 
bonate, or more rapidly by adding baryta water 
and passing carbonic acid gas into the liquid. 
Digestion with barium carbonate also precipi- 
tates the sesquioxides of iron and alumina. 
Jjoad and copper may best be removed by the 
addition of a little barium sulphide. 

Barium chloride may bo recovered from 
mixtures of chlorides of the alkalis and alkaline 
earths by treating the concentrated liquor with . 
a hot saturated solution of salt, when on cooling 
a mixture of barium and sodium chlorides 
iTystaUises out; by treating a cold saturated 
solution of this mixture with twice its volume of 
hydroohloric acid, barium chloride is precipitated 
(Ditigl. poly, J. 250, 91). 

Barium chloride crystallises from aqueous 
solution with two molecules of water BaCl 2 , 2 H 20 
in transparent, colourless, rhombic tables; 
sp.gr. 2 *66-3 -06. The crystals decrepitate 
when heated. They have an unpleasant, bitter, 
sharply saline taste, exciting nausea, and are 
very poisonous. 

"One hundred parts of water at 0® dissolve 
32T)2 parts of anhydrous barium chloride, and 
0*2711 part for every depee above 0®; 100 
parts of water at 16-6® dissolve.*? 43*6, and at 
106*6® 78 parts of the crystallised chloride. One 
part of crystallised barium chloride at ]8*1® dis- 
solves in 2*257 parts of water to form a solution 
of Bp.gr. 1*282M (Karsten). A solution satu- 
rated at 8® has a sp.gr. of 1 *270 (Anthon). 

Barium chloride is almost insoluble in strong 
hydrochloric acid, so that it is precipitated from 
its solutions by hydrochloric acid, and a few 
drops of the acid reduces the solubility consider- 
ably. Hot absolute alcohol dissolves only 
part of the crystals ; but according to Presenius, 

1 part of the salt dissolves in 8108 parts of 
alcohol of 99*3 p.c. at J4°, and in 4857 parts of 
the same alcoliol at its boiling point. 

TJie crystals are not effiorescent, but give up 
the wholes of their water at 100®, leaving a 
white mass of the anhydrous salt, which melts 
at a red heat, forming a translucent mass on 
cooling; the crystals arc optically biaxial and 
po.sitive. Specilic gravity of the anhydrous • 
clilorido is given by various observers as 3*70 to 
4*15. Hans Winter (Diss, Leipzig. 1913, 1) gives 
the folloMung constants, m.p. 968°, sp.gr. 3*789. 
When heated in a current of steam it ejolves 
hydrochloric acid below its fusing point. 

Calcium and barium chlorides form the double 
salt CaCljBaCla (m.p. 631°), but no mixed 
crystals. Barium and strontium chlorides form 
a complete series of regular (jS) mixed crystals, 
which on cooling are transformed to (a) crystals 
(monoclinic). The two series correspond wi^ 
the a and j8 forms of Ba(*l8, which coexist in 
equilibrium at 922°. The freezing-point curve 
shows a minimum at 847®, at which point 30 
mols. p.c. ^daClj are present. The double 
chlorides 2KCl,Si€l, and 2KCl,BaCl| ai^ 
isomorphous and rhombic. 
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A concentrated iolntion of barium chloride is 
decomposed by sodium or potassium nitiute, 
forming barium nitrate and a chloride of the 
alkali-metal. With glycoool CH,(NH,)-COOH 
it forms a crystalline compound, and also acts 
upon blood as a pr^entive of putrefaction and 
coagulation. 

Barium chloride is extensively used as a re- 
agent, especially for the detection and estimation 
of sulphuric acid. 1 1 is also used for the prepara- 
tion of artificial sulphate or ‘ permanent white,’ 
and for preventing the incrustation of steam 
boilers by decomposing the gypsum of hard 
waters. 

Barium oxychloride. Andrd (Compt. rend. 
93, 58) obtained an oxychloride of barium by 
adding 60 grams of Ba(OH)2 to 200 grams of 
crystallised barium chloride, and boiling the 
mixture with 500 grams of water, filtering, and 
allowing to cool, when nacreous lamellae, to 
which he ascribed the formula Ba(lij BaO,5iTj(), 
separated out (C'ompt. rerri. 98, 572). Beck- 
mann (J. pr. Clicm. [2] 27, 126) also ob'tained 
nacreous plates by similar means to which he 
gave the formula BaC](Oir),2H ). I'lieae plates 
lose |ths of their water at 120° and the remaining 
fifth at the fusing-point by prolonged heating 
in a stream of hydrogen. This oxychloride is 
readily decomiioscd by water or alcohol. 

Barium chlorite BafC-lOj^fa may be obtained 
absolutely free from chloride by the action of a 
mixture of chlorine dioxide and carbon dioxide 
free from chlorine on barium peroxide suspended 
in hydrogen peroxide. 'J’hc decomposition of 
barium chlorite takes place according to the 
equation — 

Ba(C10a)2=BaC]a-f 202+48*6 cals. 

From this follows the equation — 
Ba+Cl2+2Oa=Ba(0l02)a(soIid)+148 cals, 
and 

BaClj-l 20a=Ba(0102)2-48*6 cals. 

Ba{Cl()e)„ f()a=Ba{0103)2+22*8 cals. 

Ba(C10 8) 2 + Oa = Ba( 010,)2 + 30*2 cals. 
Consequently in compounds containing chlorine 
in different degrees of oxidation the formation is 
the less endothermic and the more exothermic 
the higher the degree of oxidation (Cazz. chiin. 
ital 46, 161). 

Barium chlorate Ba(C10a)2. Dry BalOH), 
does not absorb chlorine, but in jff-cscnce ot 
water it rapidly takes it up, forming first hypo- 
chlorite and chloride, the former of which breaks 
up into chlorate and chloride 

6BaO 1 6C],=:5BaCla+Ba(C10,)2 
(Konigel-Wiesbcrg, Ber. 12, 346). 

A? it is difficult to separate from the chloride, 
the c^jlorate is best prepared by neutralising a 
solution of chloric acid with barium carbonate 
and evaporating to the crystallising point. It 
crystallises in colourless monoclinic prisms with 
1 molecule of water, soluble in 4 parts of cold and 
less than 1 part of boiling water. 

Barium chlorate is disc slightly soluble in 
alcohol, and the aljoholic solution bums with a 
green flame. • 

If strongly heated fused barium chlorate bo 
lunged into a jar of coal gas, a brilliant com- 
ustion of the carbon and hydrogenPeontained in 
4he coal gas occurs at the expense of the oxygen 
of the oMorate. 


Barium parchlorate Ba(C104).,4E|0 is readily 
formed# by neutralising perphlorio acid with 
barium hydrate or carbonate. It crests llises 
from the* solution in long deliquescent prisms 
very soluble in water. 

Barium bromide BaBr,. Crystallised 
BaBr.,2H20. 

This salt is prepared by saturatmg baryta 
water or barium carbonate or sulphide with 
hydrobromio acid ; or by decomposing the 
sulphide with free bromine, sulphur being pre- 
cipitated. 

The most convenient method is to bring to- 
gether under water 12*6 parts of bromine and 
1 part of amorjihous phosjihoriis, by which a 
solution of hydrobromic and phosphoric acids 
i.s formed, which is neutralised with barium car- 
bonate rendered alkaline by baryta water. The 
insoluble barium phosphate may then be filtered 
off and the bromide obtained by evaporation and 
crystallisation. 

Barium bromide is very soluble in water, and 
orystallisoB with difficulty ; it is isomorphous 
with the chloride, but unlike the latter salt is 
soluble in strong alcohol. It loses one molecule 
of water at 75°, and the second at 120° (Beck- 
iiuinu, ,J. pr. Cheio. [2j 27, 126), m.p. of anhy- 
drou'< salt 847°. 

Barium oxy bromides. Two oxy bromides 

liave been prepared by Beckmann (l.c.) 

BaBr(0J4),2H20 resembles the correspond- 
ing oxyclilonde. BaBr(()H),3H20 was obtained 
by adding alcohol to mixed solutions of BaBr, 
and lia(()H)2. 

Barium iodide Balg. Anhydrous, sp.gr. 4*917, 
it forms several hydrates with 7,6,2, 1 molecules 
of water. Barium iodide is formed when 
hydriodic acid gas is passed over baryta at a 
red heat, a violent action occurring attended 
with inoandescenoe. It is generally prepared 
by mixing barium monosulphide with a saturated 
solution of iodine in alcohol as long as sulphur 
is precipitated; the filtrate is then boiled 
rapidly to near dryness, redisaolvetl in a little 
water and again evaporated, this time to dry- 
ness, ])i eventing the accesF*of air as much as 
ossible by performing the operation in a glass 
olt-head. On redissolving the mass in hot 
water and allowing to cool, slender needles 
sgiarato out of the composition Bal3,7H20 
(Croft, Cazz. chim. ital. 1856, 126; Thomsen, 
Ber. 10, 1343). 

These crystals are very deliquescent and 
readily soluble in alcohol. They lose 6 molecules 
I of water at 126°, and the remainder at 160° 

1 (Beckmann, J. pr. Chom. [2] 27, 126). They 
decompose slowly at ordinary temperatures, and 
quickly when warmed, giving off violet vapours 
of iodine. Commercial barium iodide crystal- 
lises at the ordinary temperature in large hexa- 
gonal prisms, apparently isomoi^hons with 
«nC;l2,6H20. They melt in their water of 
crystallisation at 25*7° (Centr. Min. 1918, lOflf. 

The double iodide of barium and menniry 
has a sp.gr. of 3*688 higher than that of Thoulet^s 
solution, and may be of use for petrographical 
purposes (Rohrbach, Jahrb. Min. 18^, 2, 
Mem. 186). 

Barium oxyiodlde. Beckmann (f . pr. C9idm. 
[2] 27, 126) prepared an oxyiodide of bariuk 
of the formula iBaI(0H),4H20 which crystallises 
in short thick needlea. 
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B&rlam iodate Ba(10t)i ia largely used for 
the i^parstion iodio acid, and Is obtained aa 
a white |;ranular precipitate by adding potassiuin 
iodatc to barium chloride. 

It ip soluble in 3000 parts of cold and 600 
parts o£ boJing water. It dissolves in hot nitric 
acid, and crystallises out on cooling in bright, 
glittering, 'monoclinio prisms isomorphoua with 
the chlorate. Hydrochloric acid dissolves it 
with evolution of chlorine. 

Barium periodate. By passing iodine vapour 
in a current of dry air over heated oxide of 
barium a basic periodate of the formula BagljOu 
or Ba(I04)a*4Ba0 is formed. The same basic 
eriodate is formed when barium iodate 
eated to a high temperature : 

«i5Ba(I0j)2~Ba5l20jj-f Hg-j-OGj 

or on heating barium iodide in a current of air 
until no moi;e iodine ia given off : 

CBal j -f (iOj = BagTjO, ^ f 41*. 

Hence Sugiura and CJross (J. Cdiem. Soc. 1879, 
118) conclude that BagliOn is the most stable 
combination of barium, iodine, end oxygen. 

Barium fluoride BaF* (m.p. 128r), is ob- 
tained by neutralising tiydrohuoric acid with 
bariufti ’hydroxide or recently precipitated 
carbonate ; or by precipitating a solution of 
barium nitrate with sodium or potassium fluoride. 
It forms a white, granular, crystalline powder, 
sparingly soluble in water, but readily soluble 
in nitric, hydrochloric, or liydrofluonc acids. 
It crystallises in the cubic system. 

It combines with fluorides of silicon and 
boron, forming the compounds BaFj-2SiF4 
barium silicofluorido and BaF2‘21iF8. 'Plie 
former is precipitated by adding hydrofluosili(‘ic 
acid to soluble barium salts as a crystalline 
precipitate totally insoluble in alcohol, and 
serves as a means of separating barium from 
strontium and calcium, wliich arc not precipi- 
tated by hydrofluosilioic acid. 

Barium fluoride forms a crystalline compound 
with the chloride of barium JiaClj'BaFj when a ! 
solution of barium chloride is mixed with one of 
sodium or potassium fluoride ; this double com- 
pound is more stable than the fluoride itself, and 
remains os a granular mass on evaporation of 
the solution. 'I’he crystals are tetragonal in 
habit,* and optically negative, m.p. 1008®, 
sp.gr., 5*931. 

Barium carbide BaCj was first obtained by 
Maquenne (Ann. Chim. Phys. (0) 28, 259) by 
heating a mixture of the carbonate and carbon 
with magnesium or by the action of carbon on 
the amalgam 4n an atmosphere of hydrogen at 
a red heat. Moissan (Compt. rend. 118, 683) 
obtained it in a pure crystalline condition by 
heating a mixture of the carbonate or the oxide 
with carbon in an electric furnace. Its specific 
gravity is 3*76, and it possesses properties 
siAilar to CaC*. but is more fusible. 

Barium carbonate BaCf),. The native car- 
bonate was first noticed to occur at Leadhills in 
8eQ|land, in 1783, by Withering, and hence 
received the name unthcrite. It is found in 
many places in England, specially fine crystals 
b^ng met ♦ith^'at Fallowfield in Northumber- 
land; it is also found in Silesia, Hungary, 
Btyria, Russia, South America. Witheri'te 
oiyatalliaes in tlie rhombic system isomorphous 


with aragonite. It occurs also in globular, 
tubqrose, and botryoidal forms ; more frequently 
massive. Sp.gr. 4*29-4 *36 ; hardness 3-3‘76. 

Knop (Landw. VersuChs-Stat. 17, 66) found 
0*02 p.c. of barium carbonate in Nile mud 
from Minich and Achmftia and Dworzaok 
(Landw. Vcrsuchs-Stat. 17, 65) found baryta in 
the ash of the wheat grown thereon. Alstomte 
(BaCa)(yOj contains barium and calcium in 
varying proportions, and is isomorphous with 
withente, hiryio-ralnie BaCf)g-f Ca(X)j crys- 
tallises in the monoelinic system. 

Boeke (.lalirb. Mm. fi--10) shows by heating 
barium carbonate under pressure ('f carbon- 
dioxide, that it undergoes two reversible trana- 
; formations. At 811® the i|/ form (witherite, 
orlhorhombic and pseudo-hexagonal) passes 
to the $ form (hexagonal), and at 982° to the 
o form (cubic), m.]), about 1740°. The system 
barium carbonate -calcium carlionate (repre- 
sented by the minerals alstonite and baryto- 
calcit^i) give iso-dimnrphoiis mixed crystals \rith 
a eutectic at 1139° and 52i mol. p.c. CaCOj. 

Up to 30 mol. p e. (’aUU^ the orthorhombic 
alstonite is the .stable form, but with more 
caloiiiin carboiiatn, this is replaced by trigonal 
baryto-calcite. Monoelinic barjTo-calcite is not 
present in the fusions. 

Barium carbonate is rapidly formed when 
baryta, hydrated 6r anhytlrous, is exposed to 
the atmosphere. When JJaO is heated in (X)j 
it absorbs the gas, beeommg incandescent ; the 
basic carbonate being formed (Raoult, Compt. 
rend. 92, 1, 110). 

Jt is readily prejiared by precipitating 
aqueous solutions of the nitrate or chloride with 
ammonium carbonate, filtering, and washing 
with hot water ; or by igniting a mixture of 10 
parts powdered heavy-spar, 2 parts charcoal, and ’ 
6 parts pearl ash (potassium carbonate). Potas- 
sium sulphide and barium carbonate are obtained 
and may bo separated by water. 3'he impure 
carbonate thus produced may be used to prepare 
other salts of barium, but those salts will contain 
iron. 

Artificial barium carbonate is a dense soft 
white powder, poisonous, and hence used for 
destroying rats. Jt is very Rjiaringly soluble in 
water, slightly soluble in water containing 
carbonic acid, owing to the formation of an acid 
carbonate •which is stable only in solution. It 
dissolves readily in ammonium cliloride, nitrate, 
and succinate, and when boiled with ammonium 
chloride is totally decomposed, forming amraon- 
nium carbonate and barium chloride. * 

The solubility of BaCO, in water has been 
determined by Missonberger (Zoitschr. physikal. 
Chom. 88, 257), and also in water containing 
small quantities of sodium hydroxide, which 
represses the hydrolysis and so furnishes a lower 
and more accurate value for the solubility. The 
minimum solubility is found in aqueous solutions 
containing 1 *25 x 10“® mols. of sodium hydroxide. 
The following values were obtained (1) for pure 
water at 13°, 1*62/10“*; 18°, 1*72x10“* ; 
22°, 1-83X10“»; 27®, 1*96x10“*; 33°, 2*14/ * 

10~*; 37°, 2*28x10“* mols. per litre, and (2) 
true values calculated from experimental results 
in faintly alkaline solutions at 14°, 4*32 X 10“* ; 

1 8°, 4*67 X l6“* ; 23°, 4*89 X lO-^ : 27°, 6*22 X 
10 “«; 32°, 6*69X10“«; 38°, 6*27X10“< gWkS 
mol. per litre. ^ , 
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It is not decompo^ at a strong red heat, 
but at 1361** it fuses with loss of oarbou dioxide ; 
the tension of CO, emitted at 1100° is 20 m&. ; 
at 1600° dissociation is complete. The decom- 
position is milch more easily effected in presence 
of carbon, being c(implete at 1450°. It is de- 
composed by steam at a red heat, and very 
easily if mixed with an equal weight of chalk or 
slaked lime. 

The artificial carbonate is of considerable 
use in chemical analysis. 

* ^arium nitride Ba,N,. M^uenne (Bull. 
Soc. chim. [3] 7, 368) obtained this compound by 
passing nitrogen into a tube containing a 25 p.c. 
amalgam at a red heat Guntz and Mentrel 
(3) 29, 581) obtained it by heating barium 
ammonium at 430°. yis obtained it is a light 
porous material of a canary-yellow colour. It 
decomposes water in the cold, giving ammonia 
and Ba(OH),. 

The pure nitride and hydride are readily 
obtained by heating the met^ in the respective 
gases. When the mtride is heated in a current of 
hydrogen a compound having the formula 
BaaNatl^ is formed, but the product is impure 
since the compound reacts even at relatively low 
temjieratures with hydrogen according to the 
equation 

Ba,N,H 4 -}- If j = 3 Bal f , -j- N, 

When hydrogen is passed over tlie heated imiiurc 
nitride ammonia is formed. BaH, winch is 
thereby produced is readily transformed back 
to the nitride by the action of nitrogen, so that 
a process is given for the fixation of nitrogen 
(Monatsh. 34, 1685). 

Barium ammonium is formed by the action 
of ammonia gas on barium or barium amalgam 
below 28° ; but it is best prepared by dissolving 
barium in dry luiuid ammonia at —50°, when 
it forms a dark- blue oily liquid immiscible with 
the liquid ammonia. The compound is some- 
what indefinite, but a body having the formula 
BalNH,), appears to exist. 

Barium amide Ba{NH,), is obtained by 
heating barium ammonium to 60° or by passing 
ammonia over barium at 280° C. 

When a barium salt and excess of potassa- 
mide are allowed to interact in liquid ammonia 
solution a white insoluble precipitate of jiotassium 
ammonobariate BaNK,2NIl„ or Bq/.Nfll,),, 
KNH,, is produced. 3’he strontium and 
calcium salts may be prepared in the same way 
(J. Amer. Chem. ISoc. 37, 2295). 

% Barium nitrite Ba(>JO,)a,Tf,0 is prepared 
by heating the nitraw. dissolving in water, and 
precipitating any baryta formed by passing a 
stream of carbon dioxide through the solution, 
adding alcohol to the filtrate to precipitate 
the unreduced nitrate, and evaporating to 
the crystallising point. Or by passing nitrous 
vapours into baryta water, evaporating to 
dryness, digesting in a small quantity of water 
(not sufficient to dissolve the nitrate) and crystal- 
lising. It is most readily prepared pure by 
adding barium chloridj to a boding solution of 
silver nitrite, filtering off the silver chloride, and 
evaporating. 

It is permanent in the air, readily soluble in 
water or alcohol, and crystallises inicolourlesB 
prisms, either needle-shaped or, according to 
fls^her, thick short prisms of 71i°. 

VoL. L-T. 


Barium nitrate Ba(NO|},. A native barium 
nitrate has been discovered inphile in the form 
of colourless octahodra, occasionally tVinned 
like spinel fGroth, Jahrb. Min. 1883, 1, Ref. 14). 

Barium nitrate is prepared on the largo scale 
either by dissolving the native carbonate 
(witherito) or the crude sulphide in dilute nitric 
acid, or by mixing hot saturated sohitions of 
barium chloride and sodium nitrate. On cool- 
ing, the larger portion of the barium nitrate 
ery8talli8e.s out, and the evaporation of the 
mother liquors yields the remaining portion. 

Barium mtrate crystallises in lustrous, colour- 
less, regular octahedra, frequently modified 
by faces of the cube, of sp.gr. 3 ‘2. The crystals 
are jiermanent m the air, decrepitating when 
heated, and melting at 595 53° (Camel ley ^97°). 
At a red heat the salt decomposes, evolving 
oxygen, nitrogen, and nitrogen peroxide, and 
leaving a residue of fiure baryta. It detonates 
slightly with combustible bodies, and aecomposos 
with a yellowish light when thrown upon the 
fire. It 18 largely used in pyrotechny for giving 
green-coloured lights, esj)ec!ially for the prepara- 
tion of green fire ; and f(U‘ the manufacture of 
iiaxifr(ujin, an explosive mixture of 76 parts of 
barium nitrate, 2 jiarts of nitre, and 22 parts 
of charcoal. * 

It dissolves m water, producing a slight 
depression of temperature ; 100 parts of water 
dissolve 5 2 parts of barium iiitiate at 0°, 9 '2 at 
20°, 17-1 at 50°, and 32*2 at 100°. It is less 
soluble in dilute nitric acid ; hence a second 
crop of crystals may bo obtained from cooled 
saturated solutions on addition of a little nitric 
acid. It 18 quite msoliiblo in concentrated nitric 
acid and in alcohol. 

Hirzel (Zeitscb. f. Pluirin. 1854, 49) obtained 
a hydiate Ba(N0j)2,2H|0 from a solution cooled 
below 12°. Berry ((’hem. Ne\Mi5, 44, 190), by 
saturating the same water with barium and 
strontium nitrates, introducing a crystal of 
Sr(NOa)j,4H,0, and evaporating over sulphuric 
acid ui vacuOy obtained crystals containing 17 p.c. 
of a hydrated barium nitrate isomorphous with 
the strontium compound. Oi* account of the 
great electro aflinity of nitriun (nitrate ion), the 
formation of double nitrates is found to occur 
in few cases, and with one exception (the double 
nitrate of barium and potassium) are formed only 
when one of the metals has a valency greater 
than 2. The unexpected formation of the double 
nitrate of potassium and barium was first 
observed by Wallbridge (Amor. (Jliem. J. 30, 
154), whose analysis showed it to bo anhydrous 
and to have the formula 2KN08,Ba(N0#)j. 
Foote showed (Amer. Chem. J. 32, 251) that the 
double salt can form at 25° under a moderately 
wide range of conditions, as, for example, from 
solutions containing 15 to 27 p.c. KNO*, and 
from 6 to 2 p.c. Ba(N08)j. The salt cannot bo 
recry stalbsed. Only one well-defined basic 
nitrate Ba2N|07 is known, and this forms several 
hydrates. 

Barium monosulphide BaS is obtained in a 
pure state by passing sulphuretted hydrog^ 
over heat-ed baryta as long as water is formeoT 
Veley (Chem. Soc. Trans. 1886, 369) prepared 
pure crystals of the hydrate of barium hydroxide 
Ba(0H)8,8H80, and heated them at 80° in a 
current of hydrogen until they attained the 
constant composition ^Ba(0H)|,H80, when a 

2m 
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stream of sulphuretted hydrogen was passed 
over them, yieldii^g pure BaS and watpr ; 

Ba(0H)4,H,0+HtS=BaS+3B[,0 
Tt may also be prepared by passing carbon 
disulphide over red-hot baryta, or by reducing 
powdered barium sulphate in a stream of 
hydrogen. " 

On the manufacturing scale it is prepared by 
roasting 100 parts of heavy-spar with 20 parts of 
coal slack or charcoal. If charcoal is used, a 
thorough mixture must bo effected, as the 
reaction is otherwise very imperfect, owing to the 
non- fusibility of the mass. If the slack of 
bituminous coal is used, the ‘ caking ’ supplies a 
carbonaceous material whi(*h readily permeates^ 
the mass and ensures complete reduction. The 
admixture of resin, oil, or sawdust is also advan- 
tageous, and the a^ihalt of gasworks is a 
capital rcdi^ing material, as the hydrogen con- 
tained in it jjrcvents the formation of poly- 
sulphides of barium. The mass thus obtained 
contains excess of carbon and some uiidecom* 
posed sulphate, but tlie barium sulphide may be 
extracted by treating with hot water. 

Another method is to heat a mixiurw of IdO 
parts heavy-spar. 200 of common salt, and lo 
parts charcoal powder ui a reverberatory furnace, 
the salt being added to assist fusion. 

Barium sulphide forms a white mass of 
hepatic odour and alkaline taste, soluble in water, 
forming a mixture of hydrate and suliihydruto ; 

2BaS-}-2H,0=Ba(SH)a f-Ba(OH)a 

When exposed to the air it, becomes converted 
into carbonate with evolution of sulphuretted 
hydrogen, owmg to absorption of ruoisturo and 
carbonic acid. W hen heated to redness in pie- 
sence of aqueous vapour, it is convei’ted into 
barium sulphate with elimination of hydrogen. 
It is decom]josed by hydrochloric and nitric 
acids with formation of the chloride and uitrati^ 
and ehmination of sulphuretted hydrogen. 
Chlorine, bromine, and iodine decompose it wth 
formation of chloride, bromide, and iodide, and 
deposition of sulphur. 

The phosphorescent material known as 
‘ Bolognian phosphorus ’ is a sulphide of barium 
obtained bv heating 5 parts of precipitated 
barium sulphate with 1 part of powdered char- 
coal over a gas flame for half an hour, and then 
heating for ten minutes over the blovqiipc it 
must be sealed up while still hot in glass tubes. 
After exposure to the sun’s rays, or to any hght 
rich in ultra-violet rays such as that emitted by 
buminc magnesium wire or the electric arc, it 
phosphoresces in the dark with a brilliant 
orange-coloured light. Sulphides of barium, 
strontium, and calcium are now manumeturod 
for the preparation of luminous paints which are 
used for coating clock-faces, match-boxes, &c 
Their surfaces are protected from moisture by a 
thin coating of varnish. Good Bolognian stones 
are obtained (J. pr. (liem. ii. 82, 193) from a 
mixture of strontium carbonate (20 grams), 

S ilptur (3 grams), lithium (.irbonate (0*5 gram), 
lorium nitrate (1 c.c. of 0*5 p.c. tdeoholic 
solution), or barium carbonate may be sub- 
stituted ftr strontium carbonate and {0’3 gram) 
rubidium carbonate instead of thorium nitrate. 
The phosphorescenoe is more intense if one halt 
of tbs earth carbonate is replaced by the 


corresponding hydroxide. Stones Receding any 
others previously made in the intensity and 
dur&tion of 4he phosphorescenoe have been 
prepared by the ignition for i hour in a Bossier 
furnace of the following mixture ; calcium oxide 
(10 grams), strontium cacbonate (10 granw), 
barium carbonate (10 grams), magnesium oxide 
(10 grams), sulphur (0 grams), potassium sul- 
phate (J gram), sodium sulphate (1 gram), 
lithium carbonate (2 grapis), starch (2 grams), 
bismuth nitrate (2 c.c. of 0-5 p.c. solution), and 
thallium sulphate (2 c.c. of 0*5 p.c. solution). 
The stones exhibit a pale blue phosphorescence. 
When the ignition is prolonged to two hours the 
phosphorescence is very intense and greenish- 
yellow. After three hours’ ignition the stones are 
no longer luminous. I’he finest green phos- 
phorescence is produced by ignition for | hour 
of the following mixture ; calcium oxide 
(10 grams), strontium oxide (10 grams), sulphur 
(3 grams), potassium sulphate (0’5 gram), 
sodium sulphate ((I f) gram), litliium carbonate 
(1 gram), starch (1 gram), bismuth nitrate (1 c.c.), 
rubidium nitrate (1 c.c. 0‘.5 p.c. solution). 
Barium sulphide is now largely used in the manu- 
facture of lithophoue by adding it dissolved in 
water to a solution of zinc sulphate. Mutual 
precipitation takes place, ami the white powder 
formed, consisting of zme sulphide and barium 
sdljihate, 18 us('d ai a rubber filler and pigment. 

When a solution of 5 parts of banum sul- 
phide IS boiled with 1 part of sulphur, and tlio 
solution evaporated over sulphuric acid tn 
vacuo, colourless six -sided transparent tables of 
BaS,GH20 are deposited, which are decomposed 
by a small quantity of water, forming barium 
hydrosulphide which dissolves, and barium 
hydroxide wJiieh rem-dns behind. 

Barium hydrosulphide Ba(8H), is formed by 
saturating a warm solution of barium hydroxide 
nr sulphide with sulphuretted hydrogen, evapo- 
rating apart from the air and cooling, when 
ciystals of baryta and yellow prisms separate 
out. The mother liquor is mixed with alcolml, 
filtered from the sulphur and barium tliio- 
sulphate formed, and cooled to ■— 10®, when 
colourless transjiarent four sided prisms are 
obtained. The crystals contain water, which 
they lose on heating, becoming white. Exposure 
to air docom])oscs the crystals, with efflorescence, 
into hanpm tluosuljihate and sulphate. Heated 
m a retort, they lose their water of crystallisation 
without fusing, evolving sulphuretted hydrogen 
as the' tem])erature approaches, redness, and 
leaving a yellow mass of barium mofiosulphide# 
which becomes white on cooling. It is insoluble 
in alcohol. 

Veley (Chem. Soc. Trans. 1886, 369) finds that 
the composition of crystals of barium sulphydrate 
is Ba(SH)2,4HjO. 

Barium trisulphide BaS 3 is formed as a 
greenish-yellow mass when 2 parts of barium 
sulphide are fused with 1 ^art of sulphur, the ex- 
cess of sulphur being distilled off below 360®. ^ It 
melts at 400® with loss of sulphur and formation 
of a black liquid On boiling for some time with 
water it dissolves to a red liquid which deposits 
on cooling crystals of the hydrated mono- and 
tetrasulpmdea of barium. 

Barlumitetrasulphide BaS 4 . When 7 parte of 
barium sulphide are boiled in water with 4 
of sulphur, pale-red rhombic prisms are de|)oeita(^ 
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It is not decompo^ at a strong red heat, 
but at 1361** it fuses with loss of oarbou dioxide ; 
the tension of CO, emitted at 1100° is 20 m&. ; 
at 1600° dissociation is complete. The decom- 
position is milch more easily effected in presence 
of carbon, being c(implete at 1450°. It is de- 
composed by steam at a red heat, and very 
easily if mixed with an equal weight of chalk or 
slaked lime. 

The artificial carbonate is of considerable 
use in chemical analysis. 

* ^arium nitride Ba,N,. M^uenne (Bull. 
Soc. chim. [3] 7, 368) obtained this compound by 
passing nitrogen into a tube containing a 25 p.c. 
amalgam at a red heat Guntz and Mentrel 
(3) 29, 581) obtained it by heating barium 
ammonium at 430°. yis obtained it is a light 
porous material of a canary-yellow colour. It 
decomposes water in the cold, giving ammonia 
and Ba(OH),. 

The pure nitride and hydride are readily 
obtained by heating the met^ in the respective 
gases. When the mtride is heated in a current of 
hydrogen a compound having the formula 
BaaNatl^ is formed, but the product is impure 
since the compound reacts even at relatively low 
temjieratures with hydrogen according to the 
equation 

Ba,N,H 4 -}- If j = 3 Bal f , -j- N, 

When hydrogen is passed over tlie heated imiiurc 
nitride ammonia is formed. BaH, winch is 
thereby produced is readily transformed back 
to the nitride by the action of nitrogen, so that 
a process is given for the fixation of nitrogen 
(Monatsh. 34, 1685). 

Barium ammonium is formed by the action 
of ammonia gas on barium or barium amalgam 
below 28° ; but it is best prepared by dissolving 
barium in dry luiuid ammonia at —50°, when 
it forms a dark- blue oily liquid immiscible with 
the liquid ammonia. The compound is some- 
what indefinite, but a body having the formula 
BalNH,), appears to exist. 

Barium amide Ba{NH,), is obtained by 
heating barium ammonium to 60° or by passing 
ammonia over barium at 280° C. 

When a barium salt and excess of potassa- 
mide are allowed to interact in liquid ammonia 
solution a white insoluble precipitate of jiotassium 
ammonobariate BaNK,2NIl„ or Bq/.Nfll,),, 
KNH,, is produced. 3’he strontium and 
calcium salts may be prepared in the same way 
(J. Amer. Chem. ISoc. 37, 2295). 

% Barium nitrite Ba(>JO,)a,Tf,0 is prepared 
by heating the nitraw. dissolving in water, and 
precipitating any baryta formed by passing a 
stream of carbon dioxide through the solution, 
adding alcohol to the filtrate to precipitate 
the unreduced nitrate, and evaporating to 
the crystallising point. Or by passing nitrous 
vapours into baryta water, evaporating to 
dryness, digesting in a small quantity of water 
(not sufficient to dissolve the nitrate) and crystal- 
lising. It is most readily prepared pure by 
adding barium chloridj to a boding solution of 
silver nitrite, filtering off the silver chloride, and 
evaporating. 

It is permanent in the air, readily soluble in 
water or alcohol, and crystallises inicolourlesB 
prisms, either needle-shaped or, according to 
fls^her, thick short prisms of 71i°. 

VoL. L-T. 


Barium nitrate Ba(NO|},. A native barium 
nitrate has been discovered inphile in the form 
of colourless octahodra, occasionally tVinned 
like spinel fGroth, Jahrb. Min. 1883, 1, Ref. 14). 

Barium nitrate is prepared on the largo scale 
either by dissolving the native carbonate 
(witherito) or the crude sulphide in dilute nitric 
acid, or by mixing hot saturated sohitions of 
barium chloride and sodium nitrate. On cool- 
ing, the larger portion of the barium nitrate 
ery8talli8e.s out, and the evaporation of the 
mother liquors yields the remaining portion. 

Barium mtrate crystallises in lustrous, colour- 
less, regular octahedra, frequently modified 
by faces of the cube, of sp.gr. 3 ‘2. The crystals 
are jiermanent m the air, decrepitating when 
heated, and melting at 595 53° (Camel ley ^97°). 
At a red heat the salt decomposes, evolving 
oxygen, nitrogen, and nitrogen peroxide, and 
leaving a residue of fiure baryta. It detonates 
slightly with combustible bodies, and aecomposos 
with a yellowish light when thrown upon the 
fire. It 18 largely used in pyrotechny for giving 
green-coloured lights, esj)ec!ially for the prepara- 
tion of green fire ; and f(U‘ the manufacture of 
iiaxifr(ujin, an explosive mixture of 76 parts of 
barium nitrate, 2 jiarts of nitre, and 22 parts 
of charcoal. * 

It dissolves m water, producing a slight 
depression of temperature ; 100 parts of water 
dissolve 5 2 parts of barium iiitiate at 0°, 9 '2 at 
20°, 17-1 at 50°, and 32*2 at 100°. It is less 
soluble in dilute nitric acid ; hence a second 
crop of crystals may bo obtained from cooled 
saturated solutions on addition of a little nitric 
acid. It 18 quite msoliiblo in concentrated nitric 
acid and in alcohol. 

Hirzel (Zeitscb. f. Pluirin. 1854, 49) obtained 
a hydiate Ba(N0j)2,2H|0 from a solution cooled 
below 12°. Berry ((’hem. Ne\Mi5, 44, 190), by 
saturating the same water with barium and 
strontium nitrates, introducing a crystal of 
Sr(NOa)j,4H,0, and evaporating over sulphuric 
acid ui vacuOy obtained crystals containing 17 p.c. 
of a hydrated barium nitrate isomorphous with 
the strontium compound. Oi* account of the 
great electro aflinity of nitriun (nitrate ion), the 
formation of double nitrates is found to occur 
in few cases, and with one exception (the double 
nitrate of barium and potassium) are formed only 
when one of the metals has a valency greater 
than 2. The unexpected formation of the double 
nitrate of potassium and barium was first 
observed by Wallbridge (Amor. (Jliem. J. 30, 
154), whose analysis showed it to bo anhydrous 
and to have the formula 2KN08,Ba(N0#)j. 
Foote showed (Amer. Chem. J. 32, 251) that the 
double salt can form at 25° under a moderately 
wide range of conditions, as, for example, from 
solutions containing 15 to 27 p.c. KNO*, and 
from 6 to 2 p.c. Ba(N08)j. The salt cannot bo 
recry stalbsed. Only one well-defined basic 
nitrate Ba2N|07 is known, and this forms several 
hydrates. 

Barium monosulphide BaS is obtained in a 
pure state by passing sulphuretted hydrog^ 
over heat-ed baryta as long as water is formeoT 
Veley (Chem. Soc. Trans. 1886, 369) prepared 
pure crystals of the hydrate of barium hydroxide 
Ba(0H)8,8H80, and heated them at 80° in a 
current of hydrogen until they attained the 
constant composition ^Ba(0H)|,H80, when a 

2m 
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2H2O. According to S6narmont and Ram- I 
melsberg, the crystals are rhombic. According to ■ 
V. Lang (8it7-. B. [2 J 45, 27 ), they arc monociinic. 

The crystals are soluble in 4 part^of water 
at 18® and in 1-1 parts at 100®. When the 
dry salt* is heated, it breaks up into sulphur 
dioxide and barium sulphate. 'J'he same de- | 
composition occurs on boiling with hydrochloric 
acid, but the solution of the dithionate itself in 
water may be boiled without decomposition. 

A tetrahydrate BaS20g,4H20 may also be 
obtained by spontaneous evaporation in distinct 
shining monoclinic crystals, which effloresce on 
exposure to air. 

Barium thiosulphate 

^ BaSjO^H^O or BaHi(S02)a 
is obtained as a white crystalline precipitate 
wj)en the sodium salt Na^SjOg is added to barium 
acetate ; it loses its water of crystallisation at 
216®. The anhydrous salt, when heated to red- 
ness, gives off sulphur and leaves a residue of 
barium sulphide, sulphite, and sulphate : 
6BaS203=BaS+2BaS03-f-3BaS0,H ()S. 

Barium selenide BaSe is formed by hiiatnig 
barium selenite to tedness in a stream of’ hydro- 
gen. ' It is decomposed by water into barium 
hydroxide and a higher selenide, which is decom- 
posed by acids with evolution of ILkSo and 
precipitation of selenium. 

Barium selenate BaSeO* resembles the sul- 1 
phate in being insoluble in w'ater, but differs 
from it in being decomposed by hydrochloric 
acid into selenite, which dissolves in the hydro- 
chloric acid. 

Barium chromate BaCVOg is precipituted as 
a yellow crystalline powder when potassium 
chromate or bichromate is added to the solution 
of a barium salt, The salt may be obtained in 
reen rhombic crystals iaomorphous with BaSOg 
y heating two equivalents of BatJL with one 
equivalent of potassium duo mate and one of 
sodium chromate, and allowing the mixture to 
cool ; the chlorides may be boiled out with water, 
leaving the right rhombic prisms of BaCrO*, of 
sp.gr. 4-6. Thej are insoluble in water, but 
are easily soluble in hydrochloric and nitric 
acids, and are decomposed by sulphuric acid into 
BaSOg and CrOj (Bourgeois, Compt. rend. 88, 
382 ^. 

The precipitated chromate is used as a pig- 
ment under the name of ‘ lemon yellow * or 
‘ yellow ultramarine.’ When strong sulphuric 
acid is added to the dry pigment, groat heat is 
developed, and it is coloured deep red from 
liberation of CrO,. If it be now ground in a 
mortar and heated to bright redness, the 
chromic acid is reduced to chromic oxide, and a 
fine green pigment is obtained (Douglas, Ohera. 
News, 40, 69). 

Barium dichromate BaCraO, is obtained by 
dissolving barium chromate in hot concentrated 
chromic acid. On cooling, red crystals of the 
composition BaOjO^/iHjO are deposited, which 
lose their water at 1()0®, and are decomposed by 
^ter into the normal chromate end ohromio 
anhydride (Preis and Rayman, Ber. 13, 340). 

Birbud Idanganate BaMnOg is formed when 
manganese dioxide is heated with barium car- 
liioiiate or nitrate as an emerald^green powder 
ooiuisting of microaoopia four-sided prisms or 


six-sided plates, insoluble in water but decom- 
posed by acids. This salt is now used In place 
! of the poisonous Schoele’s green. 

I Barium permanganate BaMnyOg is prepared 
by passing carbonic acid gas througn water 
containing barium mangariate in suspension ; 
after filtering off the barium carbonate the red 
solution is rapidly evaporated. Or it may be 
obtained by the action of barium chloride on 
[ silver permanganate. 

I Or potassium permanganate may be decom- 
posed by slight excess of hydrofluosilicic acid, 
the mixture kept cool, and, after separation of 
the precipitated potas.^^^mm silicofli’oride, the 
supernatant solution decanted and saturated in 
I the cold with barium hydroxide. After separation 
j of the insoluble barium silicofiuoride, t^ie solution 
' is evaporated until the barium permanganate 
I separates out on cooling (Rousseau and Bruneau, 
Uompt. rend. 98, 229). 

It forms large orthorhombic octahedra, deep- 
red ar^d almost black, with a violet reflection.* 

It 18 used for the preparation of permanganic 
acid and of the ammonium salt. 

Rousseau and Saglier (Compt. rend. 99, 139) 
find that on heating two grams of barium man- 
ganate with ten grams of barium chloride for 
four hours to 1500®, and extracting with water 
and dilute acid, a residue of small opaque 
bluish-black crystals of barium marigamtc 
BaMiiOj remains; sp.gr. 5'85; readily soluble in 
hydrochloric acid with evolution of chlorine, 
’rhe manganite is also formed when mixtures of 
manganese chloride and barium oxychloride are 
heated below 1000® or above 1100®. Between 
those temperatiiies the product is barium di- 
manganito Ba0-2Mn02, wiiicli crystallises in 
brilliant black lamellce. At 1600® the manganite 
is reconverted to manganatc. 

Barium phosphide BaaPg. When vapour of 
phosphorus is passed over red-hot baryta, a 
brownish-red mixture of barium phosphide and 
phosphate is obtained commonly known as 
‘ phosphuret of baryta.’ It is decomposed by 
water, forming a solution of hypophosphite of 
barium and evolving a mixture of free hydrogen 
and spontaneously inflammable phosphoretted 
hydrogen. 

Jaboin (Compt. rend. 129, 762) prepared the 
phosphide by heating 100 parts of barium 
phosphate with 16 parts of lamp black in an 
electric furnace. The product so obtained has 
a crystalline structure. It decomposes water, 
yielding PH3 and Ba(OH)2. 

Barium monometaphosphate is obtained 
a white powder by evaporating a solution of 
barium carbonate in excess of metaphosphoric 
acid and heating the residue to 316®. Its 
formula is not known with certainty. 

Barium dimetaphosphate Ba(P0,),,2H20 is 
formed as a crystalline sparingly soluble precipi- 
tate when barium chloride is added to a solution 
of the corresponding ammonium or sodium salt. 

Barium trimetapbosphate Ba3pe0i3,6H20, * 
apparently a polymeric form of the last salt, is 
produced when a solution' of 1 part of the corre- 
sponding sodium salt in 10 to 16 parts of water 
is mixed with a nearly saturate solution of 
3 parts barium chloride. On standing, the 
salt separedes in monoclinio prisms, which give 
off two-thirds of their water at 100®, and the 
rest at a higher temperatuze. 
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Barium hexametapbosphate is obtained as 
a gelatinous precipitate by precipitating the cor- 
responding sodium salt with barium chloride. 

Monobariom orthophosphate BaH«(PO«)2 is 

prepared by evaporating a solution of the di- or 
tri-barium salt in aqueous phosphoric acid. It 
forms colourless crystals — triclinic according to 
Erlenmeyer, with acid reaction ; soluble without 
decomposition in a small quantity of water, but 
decomposed by excess of water into free phos- 
phoric acid jind the neutral salt. 

Joly (Compt. rend. 98, 1274) states that as 
the total weight of salt broxight m contact with 
the same quantity of water incrcaHcs in arithme- 
tical progression, the woiglit which is dissolved 
without decomposition decreases in geometrical 
progressfon ; but as soon as half the original salt 
has been decomposed a diacid salt is formed 
Ba0*2p20j-farnj0, the proportion of which 
increases as the acidity of the liquid increases, 
and eventually exists alone in solution. . 

Dlbarlum orthophosphate Ba2H2(PO^)2 or 
BallPOi is obtained as a white, scaly, crystalline 
precipitate when hydrogen disodium phosphate 
is added to a neutral solution of a barium salt. 
It is soluble in 20,670 parts of water at 20®, 
somewhat more soluble m water containing 
barium or sodium chloride or ammoniacal salts. 
From the solution in nitric or hydrochloric acid 
excess of ammonia precipiigates the tribarium 
salt or a *salt intermediate between the two. 
Thms, according to Wackenroder, a solution of 
BaHPOi in nitric acid yields, on addition of 
ammonia, a precipitate of barium pbosphato- 
nitrate 4BaHP04-Ba(N0g)2, which leaves, on 
heating, a mixture of di- and tri-barium phos- 
phates. 

By precipitating a solution of dibarium phos- 
phate with alcohol, a salt intermediate between 
the mono- and di-salts is obtained : 

BaH4(?0j2-2BaHP04,3H20. 

If a mixture of potassium silicate and baryta 
water is boiled, and afterwards mixed with a 
solution of potassium silicate containing a quan- 
tity of potassium phosphate, on cooling, cubical 
irystals of the composition BaKPO4,10H2O 
jeparate out. BaNaPOijlOHjO was similarly 
obtained in regular tetrahedrons (De Sohulten, 
Compt. rend. 96, 706). 

Trlbarlum orthophosphate, or neutral phos- 
phate of barium, Ba3(P04)2'H20 is pPepared by 
idding hydrogen disodium phosphate to a solu- 
tion of barium chloride rendered strongly alkaline 
by ammonia, and separates as a heavy granular 
powder. It parts with a portion only of its 
water at 200®. 

If a saturated solution of tribarium phos- 
phate in hj^drochloric acid is evaporated, on 
pooling, crystals of barium chloride are do- 
positS, more and more raonobariura phosphate 
being left in solution, and if more hydrochloric 
acid IS added, all the barium may be crystallised 
out 08 barium chloride, and pure phosphoric 
acid remains. 

If the solutioT of tribarium phosphate in 
hydrochloric acid is boiled, shining needles form 
in the liquid, and on adding sujBBcient water to 
redissolve them, well-defined crystals of a phos- 
phato-chloride 4BaH4(P04)2*BaClj %ro deposited 
on standing (Erlenmeyer, fl 1867, 147). 

According to Ludwig, a solution of dibariuin 


phosphate in hydrochloric wid also yields, on 
addition of ammoniar«a pbosT^ato-chloride con- 
taining 3Ba5H2P40ig*BaClj‘3H20. * 

A salt* intermediate between the di- and tri- 
phosphates, containing Ba|(P04)|*2BaHP04 or 
Ba5H2P40j4, is formed when a solution of the 
dibarium phosphate in hydrochloric acid is 
mixed with a quantity of ammonia jiftt sufficient 
I to precipitate it. 

Barium pyrophosphate BajPjO,. Pyro- 

phosphoric acid does not precipitate barium 
salts, but with baryta water gives a precipitate 
of barium pyrophosphate. Barium salts, how- 
ever, give with sodium p^Tophosphate a white 
amorphous precipitate of barium pyrophosphate, 
soluble in aqueous pyrophosphoric and sulphur- 
ous acids ; more soluble in hydrochloric or nitric 
acid, but not perceptibly soluble in water con- 
taining ammonium chloride or in acetic acid.^ 

I Monobarium arsenate BaH4(As04)j is ob- 
tained by adding baryta water to aqueous arsenic 
acid until a precipitate begins to form, or by dis- 
solving the dibarium salt in aqueous arsenic 
acid and leaving the solution to crystallise. 

Dibarium arsenate 

2BaHA804,H20 or^aHAs 04 ,H 20 
according to Berzelius, is obtained when a solu- 
tion of the disodium salt is added to excess of 
barium chloride. It gives up its water at a red 
heat, and in contact with water is decomposed 
into the tribarium salt, which is precipitated, 
and the monobarium salt, which dissolves. 

Tribarium arsenate Ba3(As04)2 is obtained as 
a white sparingly soluble powder by precipitating 
aqueous arsenic acid with baryta water, or better, 
by gradually dropping trisodium arsenate into 
barium chloride, 

Barium ortbo-thioarsenate Ba2(A8S4)| is 
obtained together with Ba(A8S,), by the action 
of hydrogen sulphide on a soliftion of BaHAB04. 
The barnim tbioarsenate is precipitated by 
adding alcohol Arsenic pentasulphide pre- 
[lared by the action of a rapid stream of hydrogen 
sulphide on a solution of arsenic acid and hydro- 
(ibloric acid, reacts with a freshly prepared 
solution of Ba{SH)3 accordifig to the equation 
3Ba(SH)2d As2S5~BajA82f^8d"^H2S 
After evaporation transparent yellow needles 
of Ba,A828g,6H20 .separate (Zeitsch. anorg. 
('hem 70, 86). A solution reacts with potassium 
chloride yielding potassium barium ortho- 
thioarsenate BaKA8S4,6H2(), which may also 
be prepared direct by adding KtT to a solution 
f>f Ba(SH), saturated with AsjSs. 

Barium silicate. Solutions ol baryta, when 
I kept in glass bottles for any length of time, 
i deposit transparent rhombic crystals of the 
j composition BaSi08,7H20. These crystals lose 
their water a little above 100®, and become 
i turquoise-blue : they are decomposed by boiling 
I water (Le Chatelier, Compt. rend. 92, 931); 
I Cossa and Lavalle (Zeitsch. f. Chem. 11, 399). 
j According to Lc Chatelier, they may 1^ readily 
obtained in a few days, by suspending calcined 
I silica in bar\’ta water, when the sides be^yne 
, covered with crystals. 

Barium disiiicate BeSijOB has been prepared 
BTOthetically. It crystalli^s in » the ortho- 
rhombic system. The colourless six-sided plates 
which form in optical glass rich in barium 
have been identifiM^with this compound. 
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Barlam tltanate. When equivalent quan- 
tities of titanic anhydride and barium c&rbonate 
are fused at a bright red heat for an .hour with 
excess of barium chloride, and the product 
extracted with very dilute hydrochloric acid, a 
residue of yellow microscopic crystals resembling 
cubes and pctahedra of the composition 
2BaO-3TIO, 

and of sp.gr. 6-91 remains undissolved. These 
crystals are found on examination by polarised 
light to consist of aggregations of rhombic 
lameilse^ 

Reactions of the compounds of barium. 

When heated on a thin platinum wire in the 
inner blowpipe flame, or when brought into any 
non-iuipinou3 flame, barium c ompounds impart a 
yellowish-green colour to the outer flame. When 
v^wed through the spectroscope two green lines 
Baa and Baj3 come out most intensely ; Ba^, 
though not so marked, is also a characteristic 
line. Besides these, there are numerous lines 
in the red and yellow and one broad indis- 
tinct line in the blue, close to Fraunhofer’s ,F. 
Bunsen found that of a milligram of barium 
salt may be detected spectroscopically. Silicates 
of barium give this reaction on moistening with 
strong hytbochloric aoid. 

The hydrate, sulphide, chloride, bromide, 
iodide, nitrate, and many organic salts of barium 
are soluble in water, and all are poisonous. The 
majority of the remaining salts are soluble in 
hydrocnloric and nitric acids, whilst the sulphate 
and silicofluoridc are insoluble in all acids. 

Alkaline carbonates precipitate white barium 
carbonate, soluble in most acids, hence ammo- 
nium carbonate is used to precipitate it (along 
wth the carbonates of strontium and calcium) 
in qualitative analysis. 

Potassium and sodium hydro xides„f roe from 
carbonates and sulphates, give a voluminous 
precipitate of barium hydroxide Ba(OH )2 with 
concentrated solutions soluble in more water. 
Ammonia gives no precipitate. 

Sulphuric acid, as well as all soluble sul- 
phates, throws down barium sulphate from all 
solutions of barium salts. Pickering (Chem. 
NeAVB,4C, 223) states that the smallest quantity 
of barium which can be detected is 1 part in 
833,000 parts of water. The presence of an 
alkaline citrate greatly interferes with the 
precipitation. Strontium sulphate (which w 
more soluble) forms a delicate test Jor barium. 

Phosphate, arsenate, borate, and iodate of 
sodium also give precipitates soluble in acids. 

Ammonium oxalate gives, from moderately 
dilute solutions, a white pulverulent precipitate 
of barium oxalate. 

Potassium chromate precipitates bright 
lemon-yellow barium chromate, soluble in nitric, 
hydrochloric or chromic acid, insoluble in 
duute acetic acid 

Hydrofluosilicic acid gives a colourless crys- 
talline precipitate of barium silicofluorido ; this 
meti^n will detect I part of the chloride in 
water. The precioitate is nearly in- 
in nitric and hydrocnloric acids, more' 
insolul^le in alcohol. 

Bhriumf is readily distinguished from lead 
(which also form.s a sulphate insoluble in water) by 
the fact that sulphuretted hydrogen gives a black 
precipitate of lead sulphide jvith solume lead salts. 


Soluble barium salts are at once distinguished 
from those of strontium and calcium by the fact 
that they are immedia;tely precipitated by a 
solution of calcium sulphate, which only gives 
a precipitate with strontium salts on standing. 
The hydrofluosilicic acid 'reaction is also of 
use in separating barium from the other 
two metals. Barium chloride is insoluble in 
alcohol, whilst the chlorides of strontium and 
calcium are soluble, and the nitrates of barium 
and strontium are insoluble, in alcohol, whilst 
calcium nitrate is soluble. From these facts a 
scheme of separation is readily derived, the pre- 
cipitated carbonates of barium, strciitium, and 
calcium being converted into cWorides, and the 
chlorides of strontium and calcium dissolved out 
by alcohol, leaving a residue of chloride of 
barium. I'he strontium and calcium may then 
be separated by converting their reprecipitated 
carbonates to nitrates and dissolving out the 
calcium nitrate (v. Analysis). 

Estimation of •barium. When no other 
alkaline metal is present, barium may be es^- 
mated as sulphate. A solution of the chlorides 
slightly acidified with hydrochloric acid is best. 
Sulphuric acid is added cautiously to the hot 
solution in slight excess. The precipitate is 
allowed to settle in a warm place for some hours 
before filtering. 

For precaution^' and effect of salts, see work 
of Karooglanow (Zeitsch. anal. Chem. or Abstrs. 
•J. Chem. Soc. for 1917). For details of volu- 
metric estimation of barium by separation as 
chromate and titration of liberated iodine, on 
addition of KI to HCl solution, see Analyst, 
•43, 287. 

In its organic salts barium may be estimated 
as carbonate by heating in a platinum crucible* 
and subsequent moistening of the residue with 
a concentrated solution of ammonium car- 
bonate, evaporation, gentle ignition, and weigh- 
ing. 

Whore strontium and calcium are present, 
after the separation of the other elements, the 
alkaline earths are precipitated by ammonia and 
ammonium carbonate. This precipitate is then 
dissolved in acetic acid, and the barium twice 
precipitated as chromate, in which form it may 
1)0 weighed or dissolved in hydrochloric acid, 
then precipitated, and weighed as sulphate. 

f G. B. 

BARK BREAD. A kind of bread which was 
formerly made by the peasants in various parts 
of Norway from the inner bark of Pinw sylwttris 
(Linn.). • 

BARKLYITE v. Corundum. 

BARLEY. Two species are in common 
cultivaticHi — Eordeum diatichum, two- rowed, 
ani H. vulgare, six-rowed. Many varieties are 
known, differing in size and shape of ear and 
grain. The two-rowed varieties are chiefly 
grown as spring-sown crops, while the six-rowed 
varieties are often sown in the autumn. 

The grain resembles in composition that of 
other cereals, but contains less gluten tlwn 
wheat; moreover, the gluten of barley is not 
so tenacious as that of Vheat ; consequently, 
barley meal does not yield a satisfactory oread. 

Barley is chiefly grown for cattle-fe^ng and 
for malt pifcduction. For the latter purpose, a 
grain containing hut little nitrogenous matter is 
preferred, so that too lavish nitrogenous manurr 
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ing must be avoided in the production oi malting 
barley. 

The following are analyse* of typical average 
barley as given by 1, Warington ; 2-6, Kellner 
(German) ; 6, Wiley (of American barley). 

The table represents the composition of 
barley expressed in the usual manner. The 
item ‘ nitrogenous substances * is simply the 
total nitrogen x6‘26. Of the total nitrogen, a 
small wrtion — probably about — is present in 
non-albuminoid form. 



1 1 

2 

3 

4 

5 

6 


1 Eng- 

1 Med- 

Large 

Fiat 

Feed- 

Amer- 


1 lidi 

ium 

gr’r.d 

gr'iid 

mg 

lean 

Water . . 

Nitrogenous 

14-3 

14-3 

143 

t 

! 14-3 

14*3 

10*85 

substances 

10-6 ‘ 

9-4 

8-7 

10-2 

12*0 

11 00 

Fat . . . 

Soluble carbo- 

2-1 

2‘1 

1-8 

2' 5 

2*4 

2 25 

hydrates . 

66-0 

07-8 

70-2 

63-7 

63*7 

69 55 

Fibre. . . 

4-6 

3 9 

2-7 

0*5 

5 0 

3*85 

Ash . . . 

2-5 

2-5 


2*8 

2-6 

2*50 


According to Osborne (18th Ann. Rep. Conn. 1 
Expt. St.), the protcids in barley are : (1) Soluble : 
leucosine OvtO p.e., hordoin 4-0 p.c., edo.strae ^ 
and proteose 1-96 p.c.; ^2) in.soluble proteida , 
4-60 p.c. The soluble proteids just mentioned 
contain an average of 17 ‘0 p.c. of nitrogen, so j 


that the factor to convert nitrogen into proteids 
in barley shoidd be much less (jian 6*25, probably 
about 5 *7. Consequently, the amount o^roteids 
in barley bhould be about 1 p.c. less and that of 
carbohydrates (since they are determined by 
difference) 1 p.c. more than the values given in 
the tables. 

Under the heading * soluble carbohydrates * 
are included : pentosans 6*6 p.c. (Bull. 13, U.S. 
Dept, of Agrio. 1898); cane sugar 0*8-1 *6 p.c. 
(O’Sullivan, .1. Chem. Soc. 1886, 49, 68) ; 1*3 p.c. 
(Banister, Chem. News, 1886, 298); 0*2 p.c. 
(Bull. 13, l.c .) ; small quantities of reducing sugars 
(O’Sullivan) ; dextrine and raffinose (O’Sullivan). 
The remainder is chiefly made up of starch and 
cellulose, though gum 2 8 p.c. (Muntz, Compt. 
rend. 102,681) and amylan 2-4 p.c. (O’Sullivan, 
J. Chem. Soe. 41, 24) have also been fou'bd. 

Barley contains diastase even before germina- 
tion (when its amount is enormously increas^). 
Brown and Morris (J. Chem. Soo. 1890, 606) 
recognise two kinds of diastase — of secretion, as 
formed in germination, which rapidly corrodes 
staich granules, and of displacement-— present 
in the ungcrminated gram - which slowly 
diminishes the volume- of starch granules with 
out visibly corroding them 

The ash of barley, neglecting the COj, has 
the average composition ; 


— 

K 2 O 

Na20 

» CaO 

MgO 

Fe^Oa 

I’aO; 

SOj 

Cl 

8102 

2 Mean, 28 American samples 

24*1.') 

6*42 

2*44 

8*23 

0*33 

35*47 

0 22 

0*56 

22*30 

“ „ 19 Canadian „ 

26*76 

0*36 

4*27 

7*87 i 

0*35 

24*63 

0*71 

0*47 

20*09 

„ Wolff’s analyses 

20*16 

2*35 

2*60 

8 62 

0*97 

34*68 

1*69 

0*93 

27*64 


For a full yield of barley the soil must bo well 
supplied with [ilant food, including combined 
nitrogen, but such a crop, though excellent from 
the farmer’s point of view and valuable for 
feeding purpost s, is rarely suited to the maltster’s 
requirement. Good malting barley should be as 
rich as possible in starch and low in albuminoids. 
Between 8 and 9 p.c. of nitrogenous matter is 
usually regarded as the most desirable projtor- 
tioii in malting barley. If grown in hot, dry 
countries, e.g. Southern Russia, it is usually 
richer in nitrogen. The best maltiig barleys 
are grown on light soils not too rich in nitrogen, 
and in temperate climates (v. Beewing). 

Owing to the injurious effect of too lavish a 
•supply of nitrogen upon the malting properties 
of barley, it is by many considered best to take 
the barley crop after wheat, rather than after 
roots, though the latter procedure is often 
adopted in Ireland. 

Pearl barley is barley deprived of its husk. Ame- 
rican analysejs give as its average composition ; 
Water, 10-8 p.c.; ‘protein, 9*3 p.c.; fat, 1*0 
p.c. ; carbohydrates, 77*6 p.o. ; ash, 1*3 p.c. 

According to Wolff’s analyses, the ash of the 
barley kernel amounts to 2*13 p.c., and 100 parts 
of the ash contain : 

KoO NaoO CaO MgO Fe20a Taps 8O3 SIOj 
2^*6 1‘8 3*1 12*0 1*9 4^1 2-9 3*6 

Barley straw i* much more affected in com- 
' Of which 10*2 p.c. are albuminoids.* 

* CJomposlte samples from the World’s Columbian 
ExpoStloD (WUey, Bull- 18, U.S. Dept, of Agrio.). 


position than the grain by the aichness or poverty 
of the soil, and by the conditions under which it 
is grown. If the ripening of the grain has been 
fully completed, the straw is robbed of its nitro- 
genous matter and phosphates to a much greater 
extent than when the seed has not been fully 
matured. Thus t he straw oi a crop cut before it 
is fully ripe possesses much higher feeding value 
than usual. 

According to Kellner, the following repre- 
sents the average composition of barley straw ; — 
Soluble 

Ether carbohy- ’ 

Water Protein extract drates Fibre Ash 
Summer barley 14-3 3*5 1*4 36*9 39*6 6*4 

Winter barley 14-3 3*2 1*4 33*6 42*0 6*0 

The ash of barley straw (Wolff) contains : 


K 2 O NaaO CaO MgO FejOs PaOs SOa SIO- 
23*3 3-6 7*2 2*6 1*1 4*2 3*9 


mua 01 
61*0 3 *2 


Barley straw consists largely of cellulose, and 
pentosans and liguose. The amount of pento- 
sans has been estimated at about 26 p.o. The 
‘ crude protein ’ given in the above table is 
probably nearly all true. albuminoids, since direct 
experiments showed about 91 p.c. of the total 
nitrogen to be present as albuminoids. The 
lowest portions of the stems are least nutri^oja, 
while the uppermost leaves and top of the nem 
are the most digestible and richest in protein. 

When barley precedes clover, a%is often the 
case in England, the barley straw is enriched by 
including a portion of young clover plant*. 
Under such circumstances, the product is of 
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much higher feeding value, and contains more 
rotein (up to 0 or 7 p.c.), and solul^le carbo- 
ydrates (38 or 3t> p.c.), and less crude fibre. 

BARRESWIL’S or FEHLING*S SOLUTION. 

It has, long been known that a mixture of 
verdigris, honey, and vinegar, when boiled 
together <to form an ointment, changes in 
colour from green to red. 

Vogel (Sehweiggcr’s Journ. 13, 102) proved 
that the precipitate formed consisted of cuprous 
oxide, and later Buchner attempted to explain 
the part played by the sugar in the change. 
Trommer first used alkaline copper suljihate 
solution as a qualitative reagent for sugars, and 
succeeded in detecting one part of grape sugar 
in a million parts of water, and also in difler- 
entiatfiig between different kinds of sugars 
(Annalen, 1841, 3!), 300). 

^ Alkaline copper solution was firct applied 
to volumetric analysis by liarreswil (J. I’harni. 
Chim. 1844, [3] G, 301), who added potassium 
tartrate to the solution, and the method of 
titration was worked out by H. Fehling 
(Annalen, 1849, 72, 100 ; 1858, 100, 75). 

Various formulce have been suggested for 
the preparation of Barreswil's solution by 
BodeWr, Soxhlet, Meissl, Herzfeld, Allihn, 
Kjeldahl, &c. (Bruhns, Zeitaeh. anal. Chem. 
1899, 38, 78). Indeed, more than fifty cupro- 
potassic solutions are known, 'i'hey may be 
divided into four groups, in which potassium 
hydrogen tartrate, (2) potassium sodium tartrate, 
(3) potassium tartrate, and (4) tartaric acid are 
employed. That recommended b^ Soxhlet is 
usually preferred, partly on account of its small 
alkali content. 

34 '64 grams of pure crystallised copper 
sulphate, powdered and dried by pressure 
between filter paper, is dissolved m distilled 
water and diluted to 600 c c. ; and 70 grams 
sodium hydroxide (of not less than 07 p c.) and 
180 grams of potassium sodium tartrate (Ro- 
chelle salt) are dissolved in 400 c.c. of disiilled 
water and diluted to 500 c.c. J^'qual volumes of 
the two solutions are mixed to form the test, 
which should bo kept in a carefully closed bottle 
to prevent absorption of carbon dioxide, and 
should not be unduly exposed to light. As the 
solution is liable to decomposition, a small 
portion should always be heated to boiling before 
comtnencing the test, and the liquid should not 
be used if any precipitation occurs. It is, how- 
ever, preferable to keep the two solutions 
separate until shortly before use (Zeitsch. anal. 
Chem, 1890, 29, 015). 

The Rochelle salt used is best prepared by 
dissolving commercial cream of tartar in hot 
water, rendering the liquid slightly alkaline after 
boiling by addition of sodium carbonate, filter- 
ing off the precipitated calcium carbonate, and 
crystallising the Rochelle salt from the filtrate. 

Addition of small quantities of mineral acids 
to Barreswirs solution by lessening its alkalinity 
effects its reduction, even when it is still alkaline 
to litmus. Often the action commences before 
tJB* liquid is w'armed, reduction being completed 
by gentle heating. The reduction is attributed 
te tlie deoemposing action of the mineral acid 
upon the tartaric acid (Jovitschitsch. Ber. 1897, 
2431). Evidence of the negative character of 
the blue ion in Barreswil’s solution was first 


adduced by Kahlenberg (Zeitsch. pbysikal 
Chem. 1896, 17, 686), and later by Kiitter 
(Zeitsch. Elektrochem. 1897, 106) and Masson 
(Phil. Trans. 1899, 192, 331). 

Masson employed a solution as free as possible 
from alkali, and electrolysed it in conjunction 
with a solution of copper sulphate, the blue ions 
in the two solutions travelling in opposite 
directions along a tube containing a jelly solu- 
tion of potassium chloride. The presence of an 
invisible ion, probably tartaric ion, accompany- 
ing the negative blue ions, was demonstrated by 
the formation of a preeijiitate at the boundary 
of the positive blue ions, when the negative ions 
were still some way off. 

'J’he constituent salt of the neutral Barreswil's 
solution was isolated and analysed by Masson 
and Steele (Chem. Soc. G’rans 1899, 75, 725), who 
represented its formation from cupric tartrate 
thus : 

6NaOH-f4CuC4H^O, 

=Najr,B,0,fNa3CiJT,Cu,0,8H5H,0 

They also obtained evidence that the excess Of 
alkali in Barreswil’s solution, as usually made, is 
combined with the blue salt. 

F. Bullubciraer and E. Seitz (Ber. 1899, 
2347; 1900, 817) showed that three classes of 
cupric tartrates exist; monotartrates, con- 
taining carboxylia and hydroxylic hydrogen, 
all replaced bj^ mctol ; double salts consisting of 
monotartrate, probably united through copper 
to a molecule of basic alkali tartrates ; and a 
third class consisting of monotartrate combined 
witii basic cupric tartrate. 

The salts m Barreswil’s solution, from their 
general reactions, appear to belong to the second 
class, and compounds having the formul©" 
CftTI,(),aCuNajK| and CgHaOijCuNaaK have 
been isolated. 

I’he neutiul cuprotartrate of Masson {lx.) 
requires the addition of alkali in order to form 
tlie usual Barreswil’s solution with its character- 
istic colour, 

Barreswirs solution is vot reduced by cane 
sugar, dextrin, or cellulose, but is reduced by 
dextrose, hevulose, maltose, lactose, mannose, 
galactose, arabinose, gallisin, aldehyde, chloral, 
chloroform, valeraldehyde, resorcinol, pyro- 
gailol, gallotannic and trichloracetic acids, and by 
aisenious^acid. 

The action of these substances on the solution 
is doubtful. Among the products are formic, 
acetic, tartronic, and some acids of doubtful 
composition and a gum- like substance. Its us^ 
is almost restricted to the detection and estima- 
tion of reducing sugars. For the detection of 
sugars, the clear, acid-free liquid is heated with 
two volumes of Barreswil’s solution. If one of 
the above reducing compounds be pesent, a 
yellow precipitate of cuprous oxide, which 
rapidly becomes converted into the orange-red 
or bright red oxide, is produced. The com- 
position of the oxide whatever its colour may b® 
is identical, the varying colour being due to 
differences of subdivision, .depending upon the 
conditions during precipitation. Microscopical 
examination shows that as the different colours 
are developed there is a gradual increase in the 
size of tlv3 particles (h’ischer and Hooker, 
J. Lab. and Clin. Med. 1918, 3, 6). 

If the liquid to be tested is much ooloored. 



553 


BARRESWIL’S OR PEHLINO*S SOLUTION. 


it must be first clarified, as described under 
Saoohammitry. When the clarification has 
been performed with lead, an amount* ot the 
solution, containing a known weight (2 to 6 
grams) of glucose or other body, estimated, is 
placed in a 100 c.s. flask and is treated with 
sulphurous acid gas, or with a strong solution 
of that gas, until the whole of the. lead is pre 
cipitated, and, after the addition of a little 
freshly precipitated, washed alumina, is diluted 
to 100 C.C., agitated and filtered. 

Cane sugar, when estimated, is first clarified, 
if necessary, and then ‘ inverted ’ — t.c. converted 
into a mixture of dextrose and hcvulose. For 
this purpo.se, a solution containing not more 
than 1 gram of sugar to 4 c.c. of solution is 
mixed with one-tenth its bulk of fuming hydro- 
chloric acid, and is heated to 70*^ for 10 to 15 
minutes, and finally neutralised by addition of 
sodium carbonate. 

. »Starch and .starchy bodies may also be con- 
verted into invert sugar,, and estimated by 
Barroswil’s solution. Two or three strong flasks, 
each containing from one- half to one gram of the 
substance and 50 or 60 c.c. of decmormal sul- 
]^huric acid solution, are closed with caoutchouc 
corks carefully tied down, and are heated in a 
water-bath. After 4 hours, one flask is taken 
out and contents neutralised and titrated with 
Barreswil’s solution as herimfter described, and 
after a further interval of 2 hours tlie second is 
similarly examined. If the amount of sugar 
found in the second flask does not exceed that 
in the first, the result may be taken as correct ; 
but if the quantities differ markedly, the third 
flask is heated a further period of from 2 to 
4 hours, and then titrated. ICach 100 parts of 
invert sugar found represents 00 parts of starch. 

In titrating solutions of iliesc substances, 
10 c.c. of Barreswil’^ solution is measured into 
a wide test-tube and diluted to 40 c.c., and 
heated to boiling. The neutra]i.sed sugar solution, 
which should contain not more than one gram 
per 100 c.c., is then run in from a burette in 
portions of 2 c.c., the mixture being boiled after j 
each addition until the blue colour has ne.arly 
disappeared. The sugar is then added cautiously 
until the liquid is colourless or slightly yellow. 
A few drops of the filtered solution are tested 
for copper by sulphuretted hydrogen or by a 
mixture of potassium ferrocyanide ^nd acetic 
acid. 

The solution may bo standardised for invert 
sugar as follows : 4 75 grams of sucrose are dis- 
m solved in 76 o.c. water, and 5 c.c. of hydrochloric 
acid (sp.gr. 1 *188) added. The solution is warme<l 
to 70° for about / minutes, making a total of 
10 minutes’ heating. After inversion, the acid is 
neutralised with sodium hydroxide, and the 
liquid diluted to 1 litre. 10 c.c. of this solution 
contains 0‘050 gram of invert sugar, and 
should reduce 10 c.c. of the copper solution 
{see also Borntrager, Zeitsch. angow. Chem, 
1893, 600). 1 

Experience shows that the time occupied in 
the analysis, the amount of excess of copper 
present in the solutisn, the concentration of the 
hquid, and other details, affect the result. 
Soxhlet (Pharm. J. [3] 1880-1, 11, 721) recom- 
mends adherence to the following process. 
Having approximately found the strength of 
the solution by running the sugar solution 


into 50 c.c. of Bgrreswil’s solution u above 
until the blue colour disappears, dilute it until 
containing about 1 gram per 100 c.c., and heat 
50 c.c. Barreswira solution with as much of 
the diluted solution as should precipitate all the 
copper. When the sugar estimated is invert 
sugar, grape sugar, or Isevulose, the heating 
should occupy 2 minutes, while for jnaltose and 
lactose 4 and 6 minutes respectively should be 
allowed. The whole fluid is then filtered and 
tested for copper. A third titration is next 
performed with a larger amount of the fluid, with 
1 c.c. less of sugar (according to the presence or 
absence of copper), and the titrations are re- 
peated with varying amounts of sugar solution, 
each time adding the whole of that solution at 
once, until 1 c.c. more or less would give a filtrate 
free from or containing a trace of copitor, after 
which the variation in the amount of sugar 
solution is decreased. In this way, the volfltoe 
of sugar solution required may be determined to 
0-1 c.c. Under these conditions, 100 o.c. of the 
mixed copper reagent require 0*476 gram anhy- 
drous dextrose or 0*494 gram of invert sugar for 
complete reduction. The following may be 
taken as the weight of sugar capable of reducing 
10 c.c. of Banoswil’s solution : — 

gram 

Dextrose, ItEVulose, or invert sugar O'OSOO 
Cane sugar (inverted) . . . 0*0476 

Milk sugar (lactose) , , . 0*0678 

Malt sugar (maltose) . . . 0*0807 

Soxhlet (kc.), operating by his method as 
described above, has obtained the following 
results. (His method of ‘ inverting ' cane sugar 
has been somewhat objected to) — 


Wetoitt of Suoar REDuenra 10 c.c. o» 
Barreswil’s Solution. 





1 tDiluted with 



Time of 
heatiiiK 






— 

Un- 

diluted 

One 

Two 

1 Three 

Four 


(lulns ) 

vol. of 

vols of 

1 vols. of 

vols.of 




water j 

water ^ 

water 

water 

Dextrose 

Invert 

2 

0 0475 

1 

o 

o 

0 0488 

0*0492 

00494 

sugar 

2 

0 0494 

005030 

0 0509 

00514 

0 0515 

La*vulose 

2 • 

00513 

0 05235 

0 0530 

0 0636 

0*0526 

Lactose 

Lacto- 

gliicose 

6 

0 0676 

Unatfected by dilution 

00676 

2 

0 0511 



1 

0*0588 

Maltose j 

3 to 4 

0 0778 

*' 



0*0740 


The titration of raw sugars and other 
coloured commercial products is very unsatis- 
factory when potassium ferrooyanide is used as 
an indicator, mainly because the amino com- 
pounds present cause the solution of much cuprous 
oxide, which then gives a precipitate with 
potassium ferrocyanide. On this account, indh 
cators have been proposed wjjich will show the 
presence of a trace of cupric salt without 
prevkais filtration, the best of these being 
terrous thiocyanate (A. R. Ling, T. Rendle, and 
G. C. Jones, Analyst, 1906, 30, 182 ; 1908, 33, 
160-170), which gives the oharaoteristic red 
colour of ferric thiocyanate when treatejjfith 
cupric salt solution. The reagent is prepared 
by dissolving 1 gram of ferrous ammonium 
sulphate and 1*5 grams of amiionium thio- 
cyanate in 10 c.c. of warm water, adding 2*6 c.c, 
of cone, hydrochloric acid, and oomptetely re- 
moving all trace of ferric salt by addition of xino- 
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dust The titration of the engar solution is 
carried out mucht^as usual, except thahit must 
be done*as quickly as possible to avoid oxidation 
(ling. .T. Inst, Brewing, 1906, 12. No.'l). 

A modification of Barreswil’s process, devised 
by Pavy, is based on the fact that precipitation 
of the cuprous oxide is prevented by the presence 
of excess of ammonia, the solution losing its 
intense blue colour and becoming absolutely 
colourless after the whole of the copper has been 
reduced. 

The solution used is prepared by mixing 
120 c.c. of Barreswil's solution with 300 c.c. of 
ammonia (0*880 sp.gr.) and 400 c.c. of 12 p.c. 
caustic soda solution, and diluting to 1 litre. 
100 c.c. of this solution corresponds with 10 c c. 
of Barreswil’s solution. 'J’ho larger quantity of 
Barreswil’s solution (120 e.e. inshwl of 100 c.e.) 
used to prepare this test is rcKjjuired on account 
of the lower oxidising power of Pavy's solution, 
the action of which on invert sugar is only five- 
sixths of that of Barreswil s solution. I ts action 
on maltose and lactose also differs from that 
of Barreswil’s solution. 

To prevent rcoxidation of the decolourised 
solution, with reproduction of the blue colour, 
the operation should be performed without access 
of air, by connecting the burette supplying the 
sugar solution with a tube passing through a 
cork into the flask containing the Barreswil’s 
solution, the steam from whicli escapes through 
another tube dipping beneath the surface of 
mercury. A 'slow current of cdal gas may be 
passed through the flask during the operation. 

The sugar solution is run into the flask, in 
which 100 c.c. of the copper solution has been 
heated to ebullition, and the boiling is con- 
tinued until the colour has disappeared. Hehner 
(Analyst, 1881, 0, 218) has shown that alkaline 
tartrates, carbon* tes, and other salts affect the 
results. 

The method is most used in clinical ehemistry, 
particularly for urine analysis. It is also of 
great value in studying the saccharine products 
of enzyme action, especially as it gives with 
glucose a very much larger ‘ copper ’ value than 
with maltose (Croft Tfill, Chem. Soc. Trans, 
1898, 73, 634). 

The most accurate method of using 
Barreswil’s solution, especially when the sugar 
solution is unelarified, consists in separating and 
estimating the precipitated cuprous oxide One 
of the many processes recommended is that of 
Pavy. The Barreswil’s solution is boiled, in 
slight excess, with the sugar solution, the 
strength of which should be about 1 p.c,, and the 
precipitated suboxide is rapidly separated by 
filtering the liquid through a funnel loosely 
packed at the nock ti'ith glas.s wool or asbestos. 
The precipitate, after washing, is dissolved in hot 
dilute nitric acid, or 2 c.c. cone, nitric acid, or a 
mixtilre of dilute sulphuric and nitric acids, and 
the copper estimated by electro- deposition. The 
weight of copper obtained is multqilied by 0*5395 
to obtain its equivalent in inverted rano sugar, 
o%^y other factors, which may be calculated 
from the tables given above, to obtain the 
equivalent of any other sugar which may be 
estimated. • 

Brunner recommends solution of the cuprous 
oxide, filtered as above, in a solution of pure 
ferric chloride or sulphate, acidulated with sul- 


phuric acid, and the estimation of the femme 
salt so produced, by titration with a standard 
solution of potassium permanganate or di- 
chromate. 

The cuprous oxide can also be weighed 
directly after washing with alcohol and ether. 
It may also be estimated as metallic copper after 
reduction by hydrogen or as cupric oxide after 
Ignition in jioroelnin. 

For the influence of light on Barreswil’s 
solution, see Leighton (J. Pliys, Chem. 1913, 17, 
205). 

BARUS CAMPHOR ?>. Camphors. 

BARUTIN. 'frade name for the double salt 
of theobromine barium and sodium salicylate ; 
a white amorphous powder of sweetish ta«te and 
alkaline reaction, sparingly soluble in water. 
Used in the treatmimt of renal disease. V. 
Synthetic drugs. 

BARWOOD. Barwood is the wood of a 
large, fine tree, JJaphia nifida (Lodd.), and is 
imported from tho west coast of Africa, e.g. 
Sierra Leone, Angola, &c. In the log its physical 
properties are generally similar to those of 
sanderswood ; in the rasped condition it has a 
somewhat brighter red colour and is devoid of 
aromatic odour. According to Girardin and 
Preisser, boiling water extracts about 7 p.c. of 
colouring matter, alcoliol about 23 p.c., and 
hydrated other abifut 10 p.c. 

Anderson (Chem. Soc. Trans. 1876, ii. 682) 
extracted ground barwood with anhydrous 
methylated ether free from alcohol. By 
spontaneous evaporation of the concentrated 
ethereal solution a small quantity of baphic acid 
is deposited in (ho form of tabular crystals. 
After further evaporation, mixing the concen- 
trated extract with alcohol, and allowing to 
stand for some days, there is deposited a crystal- 
line magma of haphiin contaminated with a solid 
red colouring matter and some dark viscous 
colouring matter not yet examined. 

After exhaustion with ether the. wood is 
extracted with alcohol, and after concentrating 
the solution it is left at rest for some time, 
when it congeals to a somi-crystalline mass 
which contains a viscous red colouring matter 
and a crystalline constituent not examined. 

BapJmn, (m.p. about 200®), 

crystallises from alcohol in tlve form of lustrous 
tabular cjjystals having an odour of orris root ; 

' from ether it crystallises in tufts of needles. 
It is insoluble in water, and very sparingly 
soluble in benzene or in carbon disulphide. In 
alcoholic solution it rapidly oxidises on exposures 
to air, producing orange-red or pale purple 
colours. 

Baphic acid C24H22OB or CaJIjjOio is pre- 
pared by boiling haphiin with dilute caustic 
potash, and adding hydrochloric acid, when 
it is thrown down as a yellowish- white pre- 
cipitate, Crystallised from ether it forms 
white nacreous scales, very soluble in ether, 
slightly loss so in alcohol, and insoluble in 
water (r/. Santal). 

Baphinitin C24H34O2 is- thrown down as a 
crystalline precipitate on the addition of water 
to the filtrate from the precipitate of lead 
baphatc which is formed on mixing alooholio 
solutions of«baphiin and lead acetate. It is also 
the chief product of the action of boiling ditote 
caustic potash on baphiin. Baphinitin l(M9 
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white needles, soluble in alcohol or in ether, but 
insoluble in water; it has the same odour as 
baphiin but stronger (c/. Pterocarpin). • 

Baphinitone — On boiling baphiin 

with a strong aqueous solution of caustic potash 
without access of aif, an insoluble residue is left 
which contains three substances : (1) baphinitin, 
moderately soluble in alcohol or ether; (2) 
baphinitone, very readily soluble in these 
liquids ; (3) a small quantity of an unexamined 
substance, m.p. very sparingly soluble 

even in hot alcohol, and separating therefrom 
in granular crystals. Baphinitone is extracted 
from the above-mentioned residue insoluble in 
caustic potash, by treating it with cold alcohol, 
in which it readily dissolves along with a very 
small amount of baphinitin. The solution is 
evaporated, and the treatment with alcohol is 
repeated until the crystals thus obtained, after 
drying over sulphuric acid, have a m.p. of about 
88°. Baphinitone crystallises from alcohol in 
hemispherical masses compiled of while lustrous 
radiating crystals insoluble in water (r/. llomo- 
pterocarpin). 

Tribromo-hnphinitonc CjgHjsBraO, is ob- 
tained by mixing ethereal solutions of baphini-- 
tone and bromine ; on evaporating off the ether 
it remains as a white substance, which may be 
purified by washing with alcohol or ether, in 
which it is almost insoluble. • It separates from a 
hot ethereal solution in small granules, winch 
melt with blackening at 180'2°. 

Baphiin, baphinitone, and substance (3) 
above referred to, are all coloured orange- 
yellow by sulphuric acid ; with nitric acid an 
orange-red colour is obtained, which changes 
gradually to green. 

In addition to the above-mentioned sub- 
stances, barwood contains, according to 
Anderson, at least three colouring matters. 
Ether extracts from the wood two of these ; 
one (a) which is less soluble, and which tena- 
ciously adheres to the bapluin, and another {b) 
which is crystalline and is easily removed from 
it. When the extraction with ether is com- 
pleted, alcohol will dissolve out a third colouring 
matter (c). All are insoluble in benzene, and 
give purple lakes with lead acetate, and purple 
solutions with alkalis. 

O’Neill and Perkin (Ic.) worked up barwood 
by the same methods they had previously applied 
to sanderswood, and isolated a colouring matter, 
doiresponding with the santalin of this latter. 
This, which consisted of a chocolate-red powder, 
•possessed the formula CjjHigOglOCHg),, and 
on heating commenced to soften at 240°, 
apparently decomposing, and at 270° had the 
appearance of a honeycombed carbonaceous 
mass. Its colour reactions are the same as 
those given by santalin, and it thus ajipcars 
probable that the two compounds are identical. 

When the crude colouring matter of barwood, 
dissolved in alcohol, is poured into ether the 
main bulk of the santalin is precipitated. The 
ethereal liquid now contains, in addition to a 
colouring matter resembling deoxysdntalin, two 
crystalline substancifes identical with those 
previously stated by Wiedel {l.c.) as present 
in sanderswood. To isolate santal the ether 
solution is treated with hydrobrciiiic acid to 
remove colouring matter, the colourless crystal- 
line reridue remaining after evaporation is 


washed with benzene, and recrystallised first 
from dilute and subtequenyy from absolute 
alcohol • 

The analytical figures |[iven by this compound 
agree with those obtained by Weidel, but 
mothoxy determinations show that its formula 
is to be represented as Ci 5 H 905 ( 0 CH|), and not 
08 proposed by this author. 

Santal, which seems to be very similar to 
Anderson’s baphic acid, melts at 222°-223°, 
is readily soluble in dilute alkali hydroxides,* and 
sparingly so in absolute alcohol from which it 
crystallises in thin plates or flat needles. With 
alcoholic lead acetate it gives a colourless pre- 
cipitate, and with alcoholic ferric chloride a 
violet-black colouration, although this, according 
to Weidel, is dark red. By the action of 
hydriodic acid santal is converted into santol, 
probably (’iBHioOg, which consists of sinall 
colourless flat needles, m.p. 270°-273°. Its 
solution in dilute alkali hydroxide, at first 
colourless, rapidly develops a reddish-violet 
tint, and the liquid on acidification deposits 
yellow crystals. If the acid mixture is boiled 
these become colourless, apparently with re- 
generation of santol, for when collected and 
washed the proefuot can again be made to 
produce the same changes. Santol thus afipears 
to contain a lactone group. The hydrobromic 
acid liquid obtained during the isolation of the 
santal, was diluted with water, the precipitated 
colouring matter dissolved in a little ethyl 
acetate, the solution being allowed to evaporate 
spontaneously. Minute crystals were slowly 
(hqiosited, and these were collected and digested 
with absolute alcohol to remove santal. This 
compound, evidently Weidel’s substance 
CnHjgOg, and termed by O’Neill and Per- 
kin mntalonc, is sparingly soluble in most 
organic solvents, and crystaliises from alcohol 
m small rod leaflets. It is soluble in dilute 
alkalis with a red colour, whereas alcoholic 
ferric chloride colours it a violet tint. As 
obtained by these latter authors its complete 
purity was doubtful, but the purest preparation 
obtained darkened about ^80° and melted at 
300°. Its true formula is probably eitlier 
or CggH^OgfOCHs),, and in 
case this is correct this compound has the com- 
position of a deoxy santalin monomethyl ether with 
which its general properties are in harmony. 

Ryan and Fitzgerald {Proc. Roy. Irish 
Acad. 1913, 6, 106), employing the following 
method, have isolated homopterocarpin from 
barwood. The ground material was percolated 
for a few days with warm alcohol, then with 
ether,’ and finally with chloroform. The residue 
obtained by evaporating these extracts was 
exhausted with ether, the ethereal solution 
washed with dilute alkali and then distilled. 
The ])roduct, when recrystallisod from alcohol, 
formed colourless acicular crystals, m.p. 84®, 
and was identical with the baphinitone of 
Anderson and the homopterocarpin existing in 
sanderswood. 

A fuller recount of this compound, jjJjiph 
possesses the formula CivHuOg, is given 
article describing the latter dye wood. It is 
very probable, again, that th» baphiniiin 
described by Anderson as existing in barwood is 
pterocarpin. A. G. P, 

BARYTA GREElf v. Barium. 
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BAKYTES. 


BARTTES. Barite, or heavy-spar (from 
Bapist heavy) ; a ^common mineral ooniisting of 
Wrium* sulphate (BaSOi), and crystallising in 
the orthorhombic system. The naifie barytes 
is, however, sometimes loosely, but incorrectly, 
applied to include both this species and the 
mineral witherite (BaCO,, q.v.), or these are 
occasionally leferred to as ‘ sulphate of barytes ’ 
and ‘ carbonate of barytes ’ respectively. The 
reason for this confusion is that the two minerals 
are'often mined together, although they are not 
always put to the same uses. 

Barytes is frequently to be found as well- 
developed crystals, which vary considerably in 
their appearance and habit. I’hey possess a 
perfect cleavage parallel to the base, and per- 
pendicular to this are two prismatic cleavages 
parallel to the faces of the primitive rhombic 
prism, and inclined to one another at an angle 
ol 78° 22i'. With these three directions of 
perfect cleavage, massive barytes sometimes 
presents a certain resemblance to calcite, and 
its hardness is also about the same (H.=3). 
The angles between the cleavages are, however, 
different ; and, further, barytes may be readily 
distinguished from calcite by its heaviness 
(sp.gr. 4'.“)), and from both calcite and wjtherite 
by iTot effervescing with acid. The massive 
material is often white and opaque ; but crystals 
are sometimes transparent and colourless, or with 
brownish, greenish, or bluish shades of colour. 

Barytes is usually met with in veins, often 
in association with ores of lead. Rome of the 
old lead-mines of the north of Enginnd, Derby- 
shire and Shropshire are now being reworked 
for barytes. A remarkable vein of barytes, 
consisting of pure white massive material with a 
thickness varying from a few inches to 1(1 feet, is 
extensively worked in the coal-measures at New 
Brancepeth Colliery, near Durham (L. J. 
Spencer, Mineralog. Mag. 1910, xv, .*102). 
Beautiful crystallised specimens are abundant 
in the hoBmatite-raines of west Cumberland, but, 
owing to the brown or yellow colour of this 
material, it is of no commercial value. A pure 
white granular barytes resembling marble in 
appearance is mined at Dunmanus Bay, in Co. 
Cork, Important deposits of the mineral are 
worked in the Unitnd States, Germany, Rhodesia, 
&c. Baiytes occurs abundantly as a cementing 
material in Triassic sandstones in the Midlands 
of England (E. Clowes, 1880, 1890) ; and it has 
been recently suggested that this could be easily 
won by washing. 

Barytes is mainly used in the manufacture 
of paints, not only of white paint, but as an 
inert body in coloured paints. Lithophone 
paint consists largely of barium sulphate with 
zinc oxide and sulphide. It is often suggested 
that barytes is used for adulterating various 
articles. Barium sulphide and carbonate are 
also prepared from barj^tes by roasting it wdth 
coal, and from the product, barium chloride, 
barium hydroxide, &c., are prepared. In 
preparing the crude barytes for the market, it is 
coarsely crushed andhand-picked ; orwhen mixed 
tnEETrock and dirt, these are separated by agita- 
tion (jigging) in water. Coloured impurities arc 
aoinetimes ^extracted by steam -boiling with 
mdphuric acid. The purified material is kiln- 
^ed and reduced to very fine white powder in a 
provided with screens, or between mill- 


stones. The barytes flour so prepared still 
consists of minute crystalline (cleavage) particles, 
and*"!!? is this that gives the ‘ tooth or adhesive 
properties to the coarser barytes jpaints. The 
finer qualities (‘ blanc fixe ’) are prepared from 
precipitated barium sulphate ; and this is also 
used for dressing cloth and leather, and for 
producing the smooth coating on ‘ art ’ papers. 

Reference.<t . — For details of British occur- 
rences, sec Special Reports on the Mineral 
Resources of Great Britain, vol. ii, Barytes and 
Witherite, Mem. Ccol. Survey, 2nd ed. 1916. 
For the United States, and a general account 
with bibliography, sr>e Mineral Resources of the 
United States, for lOlT), U.S. Geol. Survey, 
1916 ; H. Ries, Economic Geology, New York* 
1916. L. J. S. 

BARYTIC WHITE or PERMANENT WHITE 
or BLANC FIXE v. Barium; also Pigments. 

BARYTO CELESTITE r. Barium. 

BARYTOCALCITE, Barium and calcium 
carbonate, BaCOa't’aC'Og, crystallising as pris- 
matic*' and blade-shaped crystals in the mono- 
climc system. There are good cleavages in 
three directions (the basal plane and a prism), 
and curiously the angles between these are 
near to the angles between the three cleavages 
of calcite. The composition is the same as that 
of alstonite (q.v.), but whilst alstonite is an 
isomorphous mixt.ire of barium and calcium 
carbonates, barj'tocalcite is a double salt. The 
mineral is white or colourless, and has a vitreous 
lustre. Sp.gr. 3'65 ; hardness 4. Apart from a 
doubtful record from Glamorganshire, the 
mineral has been found only in the old Blagill, 
or Bleagill,^ lead mine, near Alston, in Cumber- 
land. Here it occurs in considerable quantity, 
and was at one time mined as a ‘low-grade 
witherite.’ Large blocks of massive material 
with crystal-lined cavities may still be found 
lying outside the mine. Although containing 
less barium carbonate (()()‘3 p.c.) than witherite, 
it may prove to be of commercial value. L, J. S. 

BASALT. A group of volcanic rocks of 
basic composition (SiO, 45-53 p.c.), correspond- 
ing with the plulonic gabbros. The name is one 
of the oldest in petrography, being of Ethiopian 
origin and said to signify , a stone that yields 
iron. Many of the ancient Egyptian and 
Assyrian monuments were carved ip basalt, and 
it is the jpaterial of the famous Rosetta stone. 
The term is used in rather different senses. A 
quanyman often recognises amongst the diffi- 
cultly-worked igneous rocks only granite and 
basalt, and commonly any dark-coloured finev 
grained rock i.s included under the term basalt 
or trap-rock. Also petrographers are not agreed 
amongst themselves as to the limitations of the 
term. Strictly, it should be applied to a rock 
which has flowed as a lava on the earth’s surface, 
and is composed of a basic plagioclase-felspar 
(bytownite or labradorite) and augite, together 
with small amounts of magnetite and ilmenite, 
and somstimes glassy (uncrystallised) material 
in the groimdmass. Sometimes porphyritic 
crystals are present, but usually the component 
minerals can only be woognised when thin 
sections of the rook are examined under the 
microscope; the rock appearing compaot and 

’ A comi(hlon of the German Biel (lead), and a relic 
of the German miners employed In the OomberlaDd 
mines in the reign of Queen Bllsabeth. 
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BASSIA OILS, 


homogeneous to the unaided eye. Other 
minerals are sometimes present, particularly 
olivine, and, we then have the varieties oti\i^e- 
basalt, homlflende-basalt, &c. In a less common 
type of alkali-basalt the felspars are partly or 
wholly replaced by ftlspathoid minerals (nephe 
lite, leucite, and melilite). When the felspars are 
wholly replaced we have the varieties nephelite- 
basalt, leucite-basalt, &c. ; and when both 
felspar and folspathoid are present the rock is 
termed tephrite or basanite, according as olivine 
is absent or present. A Icucite- basanite, then, 
consists of plagioclase, augite, olivine, and 
leucite. Analyses of some of these types of 
basaltic rocks are given below : 1, average of 
i98 analyses of typical basalts, includmg olivine- 
basalts; 11, basalt from Disko Island, west 
Greenland; III, olivine-basalt from the Isle of 
Skye, Scotland ; IV, leucite-tephrite from 
Rome ; V, leucite-basalt from Highwood 
Mountains, Montana. 



I. 

II. 

ill. 

IV. 

. V. 

SiO, 

. 49-06 

47-11 

40-61 

50-25 

47-98 

TiO, 

. l-,36 

0-78 

1-81 

0-57 

0-58 

AlaOa 

. 15-70 

14-3.3 

15-22 

21-41 

13-34 

FcgO, 

. 5-38 

4-88 

3-49 

1-76 

4-09 

FeO 

. 6-37 

11-00 

7-71 

1-82 

4-24 

MnO 

. 0-31 

0-21 

0-13 

— 

trace 

Cat) 

. 8-9.5 

912 

10-08 

4-48 

9-32 

MgO 

. 6 17 

8-45 

8-66 

0-31 

7-01 

NajO 

. 3-11 

1-91 

2-43 

5-16 

3-51 

KjO 

. 1-52 

0-20 

0-67 

11-32 

5-00 

HjjO 

. 1-62 

1*52 

3-17 

0-90 

2-10 

PaO, 

. 0-45 

0-29 

0 10 

012 

1-03 


As a consequence of their volcanic origm, 
basalts often exhibit a vesicular texture, owing 
to the expansion of water-vapour in the rock 
before consolidation ; and in these cavities 
secondary minerals (chalcedony, calcite, and 
zeolites) are often deposited. A well-marked 
columnar structure, often on a large scale, is a 
common character ; e.g. at the Giants' Causeway 
in Co. Antrim, the StalTa caves in the Western 
Isles of Scotland, and in the i,,inz basalt quarry 
on the Rliine. It is a dense, black rock weather- 
ing to brown or dark green. Sp.gr. 2’8-.‘I'l. 
The crushing strength is high (2000-3000 tons 
per square foot) ; me absorption for water low 
(about 1 p.c.); and the conductivity for heat 
considerable, buildings of basalt beinc for this 
reason cold in winter and hot in summ-r. 

Basalts are of world- wide distribution, and 
sometimes cover enormous tracts of country ; 
^.g. the Arctic region extending to the Western 
Ides of Scotland, and the jnortli of Ireland, the 
Deccan traps of India, and the lava- fields of 
Washington, Oregon, and Idaho. The rock is 
quarried at many places for road-metal and 
paving stones, and on the Continent as a building 
stone. But it is to bo remembered that much 
of the rock quarried under the name of basalt 
is included by petrographers under other terms, 
particularly dolerite and diabase fq'.u.). The 
types of alkali- basalts are less widely distributed, 
but are abundant in central Italy, in the 
neighbourhood of Rcgne and Vesuvius, and are 
known in Germany, Bohemia, Wyoming, 
Montana, and Brazil. These are of importance 
. on aooount of their high contend of potash 
(analyaos IV and V above). , L. J. S. 
BASE OILS V. Oils and F^^s. 


BASIC BESSEMER STEEL v. Iron. 
BASIJJCON. Hestn cerate. A mixture of 
oil, wax, and resin. * » 

BASIL*0IL V. Oils, Essentul. 

BASLE BLUE v. Azinss. 

BASSIA MAHWA or MOWRAH FLOWERS. 
The flowers of R {Hlipi) latifoUa (Roxb.) or 
Mahwa, a tree growing to the height jof 60 feet, 
very abundant in Central India, are very succu- 
lent, and fall from the tree in large quantities 
every night, a single tree affording from 200 to 
400 ibs. of flowers m a season, which lasts during 
March and April. They are used as an article 
of food, both cooked and raw. By fermentation 
and distillation they yield upwards of 6 gallons 
of proof spirit per cwt. It is of superior quality, 
and when the operations have been carefully per- 
formed, is very much like good Irish whisky, 
havmg a strong smoky and rather foetid flavour, 
which disappears with age. • 

They have also been used as a cattle food 
with success. It is said that the flesh of pigs and 
other animals is much improved, acquiring a 
delicate flavour. 

The dried flowers have been recommended 
as a source of sugar. Negri found in them 
57‘9 p.c. of glucose, "yieldmg 20’74 p.c. of alcohol 
on distillation (Re^. Chim. Med. Pharm. 2^384 ; 
r/. von liippmann, Bor. 1902, 35, 1448). 

BASSIA OILS. Under this name are com- 
prised a number of oils belonging to the 
genus Bansia. The most important oils (or fats) 
derived from Bassia species are : Mowrah Seed 
Oil, Illipe Butter, Shea Butter, Njave Oil, and 
Piiulwa Butter. For a description of the fats 
derived from the kernels of ditferent species of 
Bassia, see Bull. Imp. Inst. 1911, 9, 228. 

Mowrah Seed Oil is the fat obtained from the 
seeds of Bassia latifoUa (Roxb.) {IlUpi latijolia, 
Roxb. or Engler ; Bassia villosa, Wall), a tree 
widely distributed iu the nor^ern provinces of 
India, and especially in Bengal The tree is 
frequently cultivated in East India, and forms 
small plantations ; but even under the incentive 
of modem demand for a solid fat, the cultivation 
of the Mowrah Seed tree foj the production of 
fat 18 not likely to be taken in hand in the near 
future. The tree gradually disappears towards 
Calcutta, and is only sparingly mot with in the 
Madras presidency, where its place is taken by 
Bosnia lorigifolia («ee below). 

The kernels aie 1-2 cm. long, and are enclosed 
in a light-brown slimy husk. The seeds are very 
similar in appearance to those of Bassia longi- 
folia, with which they are frequently con- 
founded, much as the fat obtained from both 
species is frequently confounded in commerce. 
This is partly due to the fact that the two kinds 
of fats are mixed together when exported to 
Europe, a practice which is greatly favoured 
by the fact tliat both species are known to the 
natives under such similarly sounding names 
as Illipi, Elupa, Katillipi, 

The kernels dried at 100® contain, according 
to Valenta : 

Fat extracted (by petroleum ether) 

„ soluble in absoliite alcohol 

Tannin 

Bitter principle, soluble in water . 

Starch 

Vegetable muoilago 

Albuminous substanoes soluble in water 




BASSIA OILS* 


Extractive substances soluble in water . 15’o9 
Insoluble proteins^ . . . t* ^*10 

Total Mh 2'7i 

Fibre and loss . ... . . 10'29 

In its fresh state the fat is yellow ; on ex- 

? 08 ure to the air the colourmg matter is bleached, 
'he oil caij, also be bleached chemically, as has 
been done by the author, on a large scale. 

The fat has the sp.gr. of 0'U175 at ir>®, molts 
at about 25*3®-30®, and solidifies at 18'5°-22®. 

The fat has a bitter aromatic taste and a 
peculiar odour. The iodine value of the fat is 
50, thus indicating a considerable amount of 
oleic acid. The chief constituent of the solid 
fatty acid is palmitic acid ; arachidic acid is 
absent ; stearic aci(i,( 13-25 p.c.) has been found 
to oechr in specimens examined by Menon. 
The sajionification value of the commercial 
fa^s is slightly lower than that of fats havmg 
the constitution due to the fatty acids named, 
owing to a somewhat liigli iiroportion of un- 
saponifiable matter, viz. 2 ‘34 p.c. The fat is 
prepared in India in a crude manner, and the 
cakes are used as manure. Owing to a bitter 
principle (saponin) contained m the cakes, 
they are unfit as food for cattle. Nevertheless, 
the cake is frequently added as an adulterant to 
the so-callcd ‘ native linseed cake,’ winch, under 
this misleading name, has latterly found ex- 
tensive sales on the Continent. The seeds and 
the oil have become an important article of 
commerce. They are imported to Eurojie in 
irregular quantities, and are chiefly used in the 
soap and candle industries. Endeavours have 
also been made to convert the fat mto an edible 
fat. In India, Mowrah seed oil is largely used as 
an edible fat under the name ‘ Doha oil,’ and as 
a modicmal oil in the treatment of skin diseases 
under the name ‘ oik’ 

Illlp6 Butter is obtained from the seeds of 
Bosnia lon{j)folia (Linn.), a tree indigenous to the 
southern part of India ; a variety of thi.s Bossia 
species is known as IllijA makharica (Konig), in 
the Western Ghats from Kanara to Travancore 
and the Anamalais, where the tree is found at 
an altitude of about 40(10 feet. The seeds bear 
a close resemblance to those of B. lutifolia, 
but are mostly 3-4 cm. long, and less rounded 
than the seeds of B. hlijolia. The average 
weight of one seed is 1'4 grms. 4’he kernels 
form" 70 p.c. of the seeds, and contain 50-55 p.c. 
of a white to light-yellow coloured fat. Tht fat 
closely resembles Mowrah seed oil, but differs 
from it by its lower solidifying and melting 
points ; in correspondence therewith the iodine 
value of the fat is 58-64, i.e. higher than that 
of B. latifoHa. The fat contains from 12 to 
20 p.c. of stearic acid ; arachidic acid is absent 
(Menon). 

Illipd seeds are imported into France and 
England* (usually in admixture with Mowrah 
seeds), where the fat is expressed for use in 
candle-making. The proposal to employ the 
fat as a chocolate fat appears to be due to the 
confoimding of true Illipe seeds with seeds from 
tMWffalayan States, erroneously described in the 
market as ‘Ilhp^ nuts.’ 

Owing the fact that the term ‘ illip^ ’ is 
applied to many fats, it has been suggested by 
Revis and Bolton (Fatty Foods, 183) that 
the confusion might be prevented by adopting, 


the name ‘ Latifolia ’ and * Lon^ifolia fat ’ for 
products of the preceding species. 

Butter is the fat obtained from the 
seeds of Bassia Parkii, De C. (HasBk.), Butyro- 
spermum Parkii, [G. Bon] (Kotschy), a tree 
belonging to the SapotaocCB. The tree was 
first described by Mungo Park, who found it in 
the kingdom of Bambara. Hence the fat was 
known as Bambara fat and also Bambooi fat. 
Other native names are Galam Butter, Bambuk 
Butter, and, in French West Africa, Karitd Oil. 
'J’lio Shea Butter tree, or Karite tree, which 
resembles in appearance the American oak, and 
grows to a height of about 40 feet, occurs in 
enormous quantities on the ^^^cst Coast of Africa, 
and through the centre of Africa in the Frenclr 
and English Soudan. It is especially abundant 
ill the middle basin of the Niger, and is as 
characteristic of the region of the middle Niger 
as is the palm tree of the lower readies of the 
rivers and of the coast line. The Shea nut has 
the size and shape, of an ordinary plum; the 
outer Ishell of some specimens is covered with fine 
fibres, whereas the shell of nuts coming from 
the middle Niger district has a polished surface. 
Owing to the wide distribution of the tree, the 
different specimens of puts and fats exported 
to Europe show characteristic differences. A 
special variety appears to be represented by 
the specimen knoww as Bassia niloticum (Kot- 
schy et Chevalier). The seeds contain from 
about 32 to 44 p.c. of fat, corresponding to 
about 49 to 59 p.c. in the kernel, the amount 
var} mg with the origin of the seed. 3’he natives 
extract the fat by pounding the kernels and 
boiling the paste with water. The fat rises 
to the surface and is skimmed off into large 
calabashes, in which it is carried to the river 
for shipment. Since little care is taken in the 
preparation of the exported oil, much of the 
sliea butter sent to Europe had at one time a 
dark-grey colour, which was considered to be 
characteristic of shea butter. The fat used by 
the natives for their own purposes is, however, 
prepared in a more careful manner, made into 
cakes and wrapped round with leaves, so that 
it may keep. This fat is of a white colour, and 
keeps well for several moni^is. 

Shea butter plays a very important part 
in the economy of the natives as an edible fat, 
and also ^s a burning oil, and for cosmetic 
purposes. ^ Attempts have been frequently 
made to ship the fat and the nuts in bulk to 
Europe. Owing partly to the careless prepara- 
tion, and partly to a resinous substance dissolved* 
by the fat, shea butter contains considerable 
amounts of unsaponifiable matter which imparts 
to the fat an indiarubber-like taste. This large 
amount of unsaponifiable matter (5-9 p.c.) has 
prevented the extensive employment of the 
fat for eoap-raaking purposes ; but methods for 
removing part of the unsaponifiable matter 
liave been devised. The fat is also used as a 
candle material, and, in the refined form, as a 
substitute for lard. 

The specific gravity of the fat is 0*9177 ; ils 
me’^mg-point varies froia»25‘’ to 28®. Owing 
to the considerable amount of unsaponifiable 
matter, the saponification value varies from 171 
to 192. Tb|> iodine value varies from 56 to 63« > 
so that the proportion of oleio acid in tba lat 
may be estimate at about 60 p.o. The antbbr 
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found in a number of shea butters from 33 to 
37 p.c. of stearic acid. The remainder of the 
fatty acid appears to consist of laurio %,cid 
(Southcombe, J. Soc. Chem. Ind 1909, 499), 

Njaye Oil, Njave Butter, Nari Oil, Noumgou 
Oil, ^jab Oil, is tlie^il obtained from the seeds 
oi Mimuaopa Njave (I)e Lancssan), syii. Bmsia 
DjaveiDe Lanessaii) ; Bassia toxin j}€rma{R&o\ii); 
Tieghemella ajnatm (Pierre); Baillouelki ioxi- 
sperrm (Pierre) ; Baillourlla Djavc (Pierre) ; 
Tieghemella Jollyana (Pierre), a tree belonging 
to the faniily of the Bapotacece. The wood of 
this tree is known in eomineree as ‘ Cameroon 
mahogany.’ The tree is indigenous to West 
Africa, the Cameroons, Gaboon, and Nigeria, 
and furnishes, like most trees belonging to the 
SapotacecB, guttapercha. ’Phe fruits are 
known in commerce as ‘ Mahogany nuts ’ ; in 
the Gold Coast Colony tlu'y are tcnued ‘ Abekii ' 

. and ‘ Jlako ’ nuts. The weight of the nuts 
varies between 10 and 21'() grams, one- third of 
which is made up by the shidl. The kernels 
contain 43-04 p.c. of a wfnte fat, wlnc^li the 
natives (the Jaundes and the Nguvihas) pr<‘pare 
by drying the seeds over lire and hix^akiiig the 
shell with stones. The kernels are then jiounded 
in a mortar or comminuted by rubbing between 
atones. The mass is next boiled out with 
water, the fat is skimmed off by hand, and 
freed from the bulk of wsiter by squeezing 
between the hands, and then subjecting it to a 
somewhat stronger iiressuro in baskets, by 
heaping stones on the mass. By this process 
an extremely poisonous saponin, contained in 
the fresh seeds, is completely removed, so that 
the fat can bo used for edible purpo.ses. In 
case the seeds should bo cxpres.sed on a large 
scale the press cakes would ret ain the poisonous 
substance, and hence be valueless as a feeding 
cake (Der Tropenpflanzer, 1910, 29), unless the 
saponin be removed completely by boiling out 
with water. But even if this process were 
feasible, a eonsiderablc amount of nutritive 
substances would be removed thereby. The 
economic prc/sneets of the seeds are, there- 
fore, still doubtful ; nevertheless, the exports 
from the German Cameroons have increased 
from 3 tons in 190f^ to 183 tons in 1908. The 
fat solidilies at about 21°, and has an iodine 
value of about 05. 

Phulwa Butter is the fat expressed from the 
kernels of Bansia {lUijA) Imtyracea (Rl!)xb.), the 
‘ Indian butter tree,’ which is indigenous to 
the Himalayas. The seeds, known as ‘ jihul- 
^ara,’ are smaller and thinner than those of 
B. htifolia and lonatfolia. The average weight 
of one seed is one gram. The kernels form 
C7'6 p o. of the total seed ; they contain 60-66 
p.c. of a white fat, having the consistence of 
lard. Phulwa Butter is one of the most im- 
portant foodstuffs amongst the natives of the 
North-West Provinces, on account of its pleasant 
odour and agreeable taste, and is frequently 
used to adulterate Ghee. The butter is also 
highly valued by the natives as an ointment 
when properly periumed. The melting-point 
of the fat is 39°, and ito iodine value 42°. Stearic 
acid is absent (Meuon). 

l^ess'known Bassia Oils are : Payena Oil or 
Kanaive Oil, from Payena oleiferc^ (Chemical 
Teohnolo^ and Analysis of Oils, Fats, and 
Wiuceoy 3 , and Katio Oil, from Bassia I 


MoUleyana, which solidifies at 14®-15° and has 
an iodine value of 63-66 (Brooks, Analyst, 
1909, 20^). • J. L. 

BASSCXRIN V. Gums and Gum TBaOAOANTH. 

BASSWOOD OIL. An oil from Tilia ameri- 
cam, resembling cotton-seed oil, and consisting 
of glycerides rich in butyric acid (Wiechmann, 
Amer, Chem. J. 1805, 17, 305). 

BAST FIBRES. Elongated narrow plant* 
cells that form strengthening tissue in stems and 
leaves, especially in connection with the fibro- 
vascular bundles, but not belonging to the wood. 
The raw material, bast or bast-like fibre, used for 
textile purposes or for the manufacture of paper, 
ropes, and the like, is of varied nature and 
source, but is always characterised by the 
abundance in it of bast fibres. It may be 
composed of a number of fiwo-vascular bundles, 
or one such bundle {c.g. coco-nut fibre), or part 
of fibro-vascular bundle {e.y. fibre from leavesaof 
monocotyledons), or merely a bundle of true 
bast fibres (from the fibro-vascular bundles or 
bark of dicotyledonous stems). 

A typical bast fibre has a thick wall, with 
slit-like oblique pits, and a relatively small 
lumen.* The ends usually taper to fine points, 
but may be blunt or even branched. The cell- 
wall vanes in thickness in different species^from 
comparatively thin to extremely thick, and may, 
vary in the same fibre, so that the lumen is alter- 
nately wider and narrower. When the wall is 
very thick the lumen is reduced to a line, and 
may be locally evanescent. 'Phere are similar 
differences in the width, length, and strength of 
the raw material and individual bast fibre. 
The colour varies from the usual whitish-grey or 
green or yellow, through yellow and brown to 
black. 

The cellrwall is mainly composed of celluloses 
and in. certain species {iiax, Calotropis gigantea, 
and others) is entirely solubft in ammoniacal 
cupric oxide, and gives the colour reactions for 
celluloses ; but the bast fibres of certain other 
species (jute, lieinp, esparto, and otliers) show 
hgnification, and give corresponding colour 
reactions. 

Bast fibres in commercial use are mainly 
obtained from comjjaratively few alliances and 
families of dicotyledons, and genera of mono- 
cotyledons, namely, Malvalcs (Malvaee®), 
Tiliaceae, Sterculiaccgo, Urticales (Moracese, 
Urticacese, Ulinace®), Leguminosee, Linace®, 
Apooynacaee, and Aselepiadace®, Boraginace® ; 
Agave and Fourcroya, Aloe, Brornelia, Sanseviera, 
Musa, Stipa, Paudanus, and several palms. 
(iS'cc articles on any of these, and JuTi and 
Hemi*. P’or a full authoritative account of 
vegetable fibres, see Wiesner, Die Rohstoffe des 
Pflanzenreichs, 1903, Bd. ii. 167-463.) 

BASTNASITE. A fluocarbonate of cerium- 
metals (CeF)C() 3 , long known as small yellowish 
masses with greasy lustre embedded Between 
allaiute crystals at the Bastniia mine, Riddar- 
hyttan, Sweden. It has also been observed as 
an alteration product of tysonite (CeF,) in the 
granite of the Pike’s Peak region in El Paso Co., 
Colorado. Recently large masses have 
found m Madagascar in the weathered debris o£ 
pegmatite at Torendrika to the east Ambositra 
and near Antsirabe. These have the form of 
rough hexagonal prisms of a vellow to leddii^- 
brown colour. Some crystals show flm easy 
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separation parallel to the basal plane on which 
the lustre is then ^^rly, otherwise it is 
greasy in charactet. The crystals are optically 
uniaxial and positive. Sp.gr, 4*948. The 
mineral is difficultly attacked by hydrochloric 
<,acid, but is decomposed by sulphuric acid, with 
evolution of carbon dioxide and fluorine. It is 
infusible before the blowpipe. L. J. S. 

BATATAS, or Sweet Potatoes^ the tubers of 
Imomosa batatas or Batata edulis^ a convolvulus- 
like plant, usually with purple flowers, growmg 
freely in tropical and sub- tropical countries. 
The tubers are sometimes of great size — up to 
12 lbs. or more in weight. 

It can be propagated by cuttings or by the 
tubers, and, once established, often yields 
several crops in suc^asion. An average crop is 
about i) tons per acre. Light friable soils are 
mjist suitable. 

Average composition of sweet potatoes and 
their vines : 

Soluble 

carboby- 

Water rroteln Fat dratea Fibre Aeh 

Tubers . 7M 1-5 0*4 24-7 1*3 1*0 

Vines . 41*0 7*0 21 29*3 13*Jl> 5*8 

A mofe detailed analysis of the tubers as grown 
in Monte Video, is given by Sacc (Bied. Zentr. 
1883, 337) : 

Poetic 

Water Protein Glucose Mucilage add Starch Fibre Asli 


67*0 

0*56 

0*3 1*15 

1*27 13 

10 1*0 

to 

to 

to 

to 

to 

68*2 

0*64 

4*0 

15 

17*8 


The sweet potatoes are largely used as food, 
and also in the manufacture of alcohol. 

Accordmg to Stone (Bor. 1890, 23, 1406), they 
contain from 1*5 to 2*0 p.c. of cane sugar, and 
baking converts t]^c starch into the soluble form 
and hydrolyses the cane sugar. The to])s of 
sweet potatoes are greedily eaten by farm 
animals, but should bo used with care, since 
they sometimes contain a poisonous cyanogctic 
glucoside. Amounts of hydrocyanic acid, vary- 
ing from 0*014 to 0*019 p.c. of the green material, 
have been found. Sweet potato vines have 
often proved fatal to jiigs m Queensland. 

Hasselbring and Hawkins ( J. Agric. Research, 
1915, 5, 643) state that the amount of sugar in 
the t'Ul^rs is comparatively small until after 
they are harvested ; but when they are cut oflf 
from connection with the leaves, the starch is 
transformed, first, into reducing sugars, and 
ullimately into sucrose. The reaction proceeds 
rapidly at high temperatures, but soon reaches 
an end-point, while at lower temperatures the 
change is slower, but ultimately proceeds further. 

BATH BRICK. A brick made from deposits 
of silicious and calcareous earth at Bridgwater, 
Highbridge, and elsewhere, and used for polish- 
ing metals. 

BATH-METAL. An alloy of copper and 
zinc, containing a larger proportion of copper 
than ordinaiy brass, viz. 83 p.c. copper to 17 p.c. 
zl!!l^ sp-gr. 8*451 ; fracture crystalline, and 
cdlour yellowish-red. 

BATHYCIHROME v, CoLoun and Chemical 
ConsAtutiow. 

BATIST. A material consisting of cotton 
impregnated with oa>outohouo on one or both 


sides, largely used in the French arfny for 
conmresses and antiseptic dressings. 

jBA4JXlT£. A clay-like aluminium hydroxide 
first noticed by P. Berthier in 1821 {alumine ^ 
hydraiie des Beaux), and named beauxito by 
A. Dufrenoy in 1847, and bauxite by H. Sainte- 
Claire Deville in 1861 ; this name being from 
the village Les Beaux, or Les Baux, near Arles, 
dep. Bouches-du- Rhone, in the south of France, 
where the material was found. Tliis material 
came to be regarded as a mineral species with 
the compo.sition Ala 08 , 2 Hj 0 , corresponding 
with Al^Oj, 73*9 ; and HjO, 26*1 p.c. ; that is, 
intermediate between the definite crystallised 
species diaspore (AI 2 O 3 .H 2 O) and hy drargillite 
or gibbsite (Alj() 3 , 3 ri IL however, varies 
widely in comjiosition, owing to mtermixture 
with quartz-sand, clay, and iron hydroxide, 
and it passes insensibly into clays, iron-ores, 
and laterite. The variations shown by different 
analyses are : AljOj, 30*3-76 9 ; HjO, 8*6-31*1 ; 
FcjOs, 01-48*8 ; SiOj, I*! -41*5 ; TiOg, 1 *6-4*0 
(from»table of analyses quoted by U. P. Merrill, 
The Non-metallie Minerals, New York, 1910). 
(For other analyses of French bauxite, see H. 
Arsandaux, Compt. rend. ]9()9, exlviii, 936, • 
1115 ; Bull. Soc. fran^. Mm. 1913, xxxvi, 70.) 

The material never shows any indications 
of crystalline structure, being always com- 
pact or eartliy, orr often with a concretionary 
(phsolitic or oolitic) structure. In colour it 
ranges from wliite, through creamy and yellow, 
to brown and deep red. Under the microscope 
it shows only optically isotropic, flocculent 
grains. Bauxite -is thus no doubt a mixture 
of colloidal aluminium hydroxides (for which 
the mmeralogical name kliaeliite has been 
proposed by F. Lurnu, 1909, and sporogclito 
by M. Kispatic, 1912) with various iron hydr- 
oxides, clays, &c., and possibly also the crystalloids 
diaspore and hy drargillite ; and it is thus rather 
of the nature of a rock than a simple mineral. 

In its mode of occurrence, and no doubt also 
in its mode of origin, it also shows wide differ- 
ences. The extensive deposits in the south of 
France liave the form of beds intcrstratilied with 
limestones of Ootaceous age, or of irregular 
pockets in the limestone. Tliose of Co. Antrim 
and of the Vogelsborg and Wcsterwald in 
Germany, are associated with laterite, and are 
mterbedded with basaltic lava-flows. In Ar- 
kansas tfic bauxite deposits occur only in 
Tertiary areas m the neighbourhood of eruptive 
syenites, while in Alabama and Georgia they 
overlie ancient sedimentary rocks. The fre-^ 
quent presence of pisolitio structures in the 
material and its association with limestones, has 
led to the suggestion that bauxite has been 
deposited by hot springs containing aluminium 
salts in solution (prbbably aluminium sulphate 
from the decomposition of pyritous shales), 
where these have come into contact with lime- 
stone rocks. On the other hand, the material 
associated with laterite and basalt has, no 
doubt, been produced by the weathering under 
special conditions (the agency of bacteria has 
been suggested) of basalt^ or of other igneous 
and crystalline rocks. (For papers on the 
constitution of bauxite and kterite, see M. 
Bauer, Jahrb. Min, 1898, ii, 163 ; T. H 
Holland, Geol. Mag. ] 903, 59 ; A. Lacroix, 
Nouv. Archives du Mus^e, Paris, 1914, 
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Jetiewed by L L Fennor, CJeoI. Mag, 1916; 

A. J. Cole* The lat^rbasaltio J^cka (] [roll Ores 
wd Bauxites) of North-East Ireland, Menas GfeoL 
‘ Survey, Ireland, 1912 ; H. Ries, JEconomio 
Geology, New York, 1916: W. C. Phalen, 
Mineral Resources qf the United States, for 
1916, 1916, ii, 169.) 

The alum-clay or bauxite mined in Co. 
Antrim is all sent to the aluminium works at 
Foyers and Kinlochleven in Scotland. In 
France the present source of supply is mainly 
in dep. Var; and in America the production 
is confined to the states of Alabama, Georgia, 
and Arkansas. The French bauxite is roughly 
divided into three classes: (1) white bauxite, 
with 60 p.c. alumina, not more than 4 p.c. iron, 
and no silica, — this being used for the manu- 
facture of aluminium salts and alum ; (2) red 
bauxite, with 60 p.c. alumina and 3 p.c. silica. — 
used for the manufacture of aluminium ; (3) a 
special kind of white bauxite, with 46 p.c. 
ammina, a trace of iron, and much silica, — used 
for making refractory bauxite bricks. •The 
greater part of the material is ii.sed in the 
manufacture of aluminium, but in America” 
large q^uantities are fused m the electric furnace 
to produce artificial corundum, which, under the 
name of alunduw, is largely used as an abrasive 
ttgent. L. J. S. 

BAVALITE c. Thurij^oiti. 

BAY, BAY OIL v, Laurus nobilis. 

BAYBERRY TALLOW c. Waxes. 

BAYER’S ACID, 2-Naphthol-8-sulphonic 
acid. F. NAPpTHALENE. 

BAY-LEAF OIL v. Oils, Essential. 

BAY-SALT V . Sodium chloride. 

BAZILLOL. Trade name for a preparation ] 


m 

of crude carbolic acid. Used as a dtaunfectant« 
BDELLIUM V, Gom RBsnrs. 

BDELUUM RESIN p. KxsIns. 

BEAN.* The name given to many seeds 
which resemble in size and shape the ordinary 
kidney bean. Thus the seeds of coffee, cocoa, 
castor, &c., are often known as ‘ beans.’ 
Usually, however, the term is resiricted to 
seeds of various l^giminosiB, 

The most inlportant species of beans »\re ; 

(1) Adziiki beans {Phaseolus radiatus). 

(2) Field or horse beans, of which the broad 
bean is a variety {Vtcm Jaha). 

(3) French or kidney bean {PhaseoUu 
vulgar Iff). 

(4) Java or Lima bean (Phnseolua lunaina) 

(5) Soy or Snja bean f^lycine hiapida or 

Soja hispid(i). * 

(6) Velvet bean {Mucuna utdis). 

(7) Curob or locust bean (Ceratonia ailiqud^. 

In chemical composition beans are remark- 
able for the large proportion of albuminoid 
matter vsliich they contain. They thus possess 
high nutritive value ai foods. 

In some cases the seed only is eaten, either 
green as in broad beans, or dried as in haricot 
beans, which are a variety of Phaspolus vulgar ia. 
In others, e.g. in the kidney bean, the whole 
pod, in the unripe condition, is eaten ; whilst in 
the case of the carob bean, the dried pod rather 
than the seeds is the valued product. The 
velvet bean is usually grown for its foliage, 
either for making into hay for cattle or for green 
manuring. ^ 

In the following table are given analyses 
of various beans, as far as possible of the 
products as they arc usually consumed as 
food : — 


■ 

( 1 ) 

(2) 

(3) 

(4) 

(6) 

(6) 


(8) 

( 9 ) 

Water 

13-6 

87 3 

IM 

68-5 

14-4 

10-0 

16-0 

9-3 

19*7 

Protein 

23-1 

2-2 

15-9 

7-1 

23-9 

33*2 

172 

13-3 

6*6 

Fat . . . * . 

2-3 

0-4 

1-8 

0*7 

1-6 

17*6 

2-2 

2-6 

0*8 

Soluble carbohydrates 

66-6 

1 9-4 

671 

22-0| 

49-3 

30-2 

•28*9 

39-4 

39-6 

Crude fibre .... 

3-9 

7'6 

4-4 

29-6 

27*6 

7-8 

Ash .... 

3-6 

0-7 

4-1 

1*7^ 

3-2 

4-7 

6-2 

7*8 

2*6 

Undetermined .... 

— 

— 

— 

— 

— 

— 

— 

— 

24*1 


(1) Phaaeolua vulgar ia, dried seeds, as used as 
haricot beans. 

(2) Phaaeoltia vulgaris, green pods, ua used as 
llidney beans. 

(3) Phaaeolua lunalua, dried. 

(4) „ „ green. 

(6) Viciafaba, dried. 

(6) Soja hiapida, dried seeds. 

(7) „ „ hay. 

(8) Mucuna uiilis, hay. 

(9) Ceratonia siligm, whole pod. 

The proteins of beans were thought to con- 
sist largely of legumin, or ‘ vegetable casein,’ 
fiwt obtained from them by Einhof in 1806, 
but Hoppe-Sevler haa shown that the vegetable 
casein & proifuced by<the action of the alkali 
used in extraction upon the globulins and 
edbumine present in the seeds. 

,Tbe proteins of Phaaeolua vulgaria^vo chiefly 
ohuctKilin, a globulin containing 16'45 p.c. N and 
W' p.o. S, and phaseUn (Osborne, J. Amer. 


radiatus are present phaseolin and another 
globulin containing 1G'31 p.c. N and 0*88 p.o. S 
(Osborne and Campbell, J, Amer. Chem. ’'Soo. 
1897, 19, 509). In Viciafaba, the same investi- 
gators found legumin, vicilin, legumelin, and 
a proteose (same Journal, 1898, 20, 393). In 
Soja hiapida they found, as the chief proteid, 
a globulm resembling legumin, but containing 
twice as much sulphur, for which they propose 
the name glycinin. Legumelin, a trace of a 
proteose, and a globulin, probably identical with 

I phaseolin, were also present {he. 20, 419). 

I The nitrogen-free extract of soja beans con- 
tains the following substances (Street and 
Bailey, J. Ind. Eng. Chem. 1915, 7, 
galactaiis 4‘86 p.c. ; pentosans, 4'94 p.c. { 
organic acids (as citric acid), 1*44 p.c. ; invert 
sugar, 0-07 p.c.; sucrose, 3'31 p.c.# rafllnosef 
M3 p.o. ; starch, 0*60 p.o. ; cellulose, 3*29 p.o. ; 
hemicelluloses, 0'04 p.c. ; dextrin, 3*14 p!o. ; 
waxes, tannins, &c. (by diff.), 8*60 p.c. Tha 



the following enzymes : urease, amylase, a 
glucoside-splitting enzyme, a protease, a peroxy- 
dase, and a lipas^ 

According to Flourent (Compt. rend. 1898, 
126, 1374), bean flour contains 31 p.c. of nitro- 
genous matter, comprising Icgumin, 1 8*9 p.c. ; 
vegetable albumin, 0'2 p.c. ; glutenin, 9*5 p.c. ; 
and gliadi?}, 2*4 p.c. ; and has been used to add 
to wheaten flour, since tlie addition of 2 or 3 p.c. 
to the latter increases the ratio of glutenin to 
pliadin in the mixture, and thus in many cases 
improves the flour for bread making. 'I’he 
flour made from haricot beans contains starch 
as ovoid grains with distinct elongated or 
fissured hila, and square or rectangular cells 
containing prismatic crystals of calcium oxalate. 

The fat of beans contains choline, cholesterol, 
and gPvcerides of valeric, oleic, and ])alm)tie 
acids, out no stearic acid (Jacobson, Zeitsch. 
^ysiol. Chera. 1889, 13, 32). According to 
Kosutany (Landw. Versuchs-Stat. 1900, 54, 
463), bean oil resembles olive oil in ajipearance, 
has a sp.gr. of 0*9(]7, Reichert-Mcssel number 
2*46, iodine number (Hiibl.) 119*9, and contains 
much lecithin and sulphur. Stanek (Zeitseh. 
physiol. Chem. 1900, 48, 334) found botlj betaine 
and choline in horse beans. 

&averal varieties of beans contain a cyano- 
gendtic glucoside. In Phascolus lunaius, Dunstan 
and Henry (Proc. Roy. Soc. 1903, 72, 285) found 
a glucoside which they named phaseolunatin 
CioHj^OjN, yielding dextrose, prussic acid, and 
acetone on hydrolysis. The wild plant contains 
it in much larger quantity than the cultivated 
one. From haricot beans Tatlock and Thomson 
(Analyst, 1906, 31, 249) obtained from 0*001- 
0*009 p.c. of hydrocyanic acid. Most of the 
cyanogen compound, and the whole of the 
enzyme which hydrolyses it, are destroyed by 
boiling. 

The oarob or locust bean is remarkable for 
the large amount of sugar (cane sugar 23 p.c., 
glucose 11 p.c.) contained in the pod, whfle 
the seed contains a carbohydrate, caroubin, 
a white, spongy, friable substance, of the same 
composition as cellulose (Effroiit, Oompt. rend. 
1897, 126, 38), which yields in contact with 
water a very syrupy liquid or jelly, 3 or 4 grams 
of the substance being suflicient to convert a 
litre of water into a thick syrup. Caroubin 
might be used with advantage in the prepara- 
tion of nutrient media for bacteriological work. 

It has been introduced under the name of 
‘ tragasol ’ as a gum for sizing, colour printing 
and dyeing (J. Soc. Chem. Ind. 1894, 410, and 
1896, 112). 

Effroftt (Compt. rend. 1897, 123, 309) 
states that by hydrolysis, either by dilute 
acids or the enzyme caroubinase, present in the 
seeds, caroubin yields a sugar, which he ca Is 
^oaroubinose, resembling dextrose, but with lower 
rotatory power. 

Van B^enstein (Compt. rend. 1897, 126, 719), 
however, finds this sugar to be identical with 
(f*manno8e. So, too, Rourquelot and Herissey 
&id that the action of dilute acid upon the 
seed yields a mixture of mannose and 
gakotOse so that caroubin apparently consists 
of^iannai^ and galaotans (Compt. rend. 1899, 
129, 228 and 891). For analyses of commercial 
carobs v. Balland, J. Pharm. chim. 1904, 19, 669. 

All species of beans, like other leguminossB, 


serve as hosts for the tubercle -forming» nitrogen- 
fixings organisms {BaciUvs radicoeda), and thus, 
unckrr suitable conditions, are indemndent 
of supplies of combined nitrogen in ^e soil. 
Beans are therefore sometimes used for enricdiing 
soils in combined nitrogen, being employed for 
green manuring, though the root dd>ri3 of a crop 
of beans, even after the removal of the seed and 
haulms, often effects this object to a considerable 
extent H. 1. 

BEAN OIL. See Soya bean oil. 

BEARBERRY LEAVES. The dried leaves 
of Arrio.stiipliylm leva-ursi (Sprong). 

BEBEERINE {hrbenne, bibirine) is a name 
which has been applii^d variously. 

1. Maclagaii (Annaien, 1843, 48, 106; with 

Tilley, 1845, 55, 105) first applied it to the 
amorphous ether-soluble alkaloid of bobeeru 
bark {Nectandra Podict, Hook.), to which the 
formula CjjHjoOjN ((; = 0 ; 0 = 8) was 

attributed. Tins base was accompanied by 
another amorphous alkaloid, sipeerine, which 
was insoluble in ether, whilst bobeeru wood 
contained a third amorphous alkaloid, noctan- 
dniio Ca^HjjO^N (Maclagan and Camgee, 
Pharm. J. 1869-1870, lii.] 11, 19). 

2. It was applied later to the total alkaloids 
of bebeeru bark, the sulphate of wliich was 
oflicial ill the B. P. 1885, and was used as a 
febrifuge, as a 8ub|Btitute for quinine. 

3. Bebeerine (from bebeeru bark) has been 

stated to be probably identical with the alka- 
loids of true pareira root (Choiidodendron 
toiwnlosum, Riuz. and Pav.), with buxine, con- 
tained in Buxus sempervimis (Linn.), and with 
the pelosine of CimmpeJos Pareira (Linn.), 
but the evidence of identification is incon- 
clusive. It has led, however, to the use of the 
term bebeerine for alkaloids isolated from 
Ckovdodendron iomentosum by Scholtz (Arch. 
Pharm. 1898, 236, 530-; 1906, 244, 255) and 
Faltis (Monatsh 1912, 33, 873). Scholtz* bebee- 
rine Ci^HaiOjN crystallises from methyl alcohol 
in colourless prisms, m.p. 214°, [tijp— 298° in 
alcohol, forms crystalline salts, is phenolic, and 
contains one *0]Vie and one *NMe group. Faltis 
has described /9- bebeerine, amorphous, m.p. 
142°-150°, [a]jj-h28*0° in alcohol, -24*7® in 
pyridine ; wobebeerine, rlioinbio needles, m.p 
2iK>°, optically inactive ; and bebeerine-B, 
OjaH,80.N,yeliowpowder,m.p. 220°, [aljj+66*7* 
in pyridine. To j8- and fwbebeerine, Faltis 
attributes the formula L' 2 iH 2804 N, whilst 
Scholtz (Arch Pharm. 1913, 251, 136) prefers 
the formula CjsHaiOjN. F. L. P. 

BECKELITE. A silicate of calcium and 
cerium-earths 0 a,(Ce,La,Di,Y) 4 (Si,Zr) 80 u, con- 
taining CcjOj 28*1, La^Oa 13*6, DijO, 18*0, 
(Y,Er)jOa 2*8, ZrO, 2*5 p.c., etc. It occurs as 
wax-yellow grains and cubic crystals as an 
accessory constituent in a dyke rock associated 
with elaeolite-syenite in the Mariupol district 
on the Sea of Azov, South Russia. The oryi^tali 
(| cm. diameter) have the form of octanedra 
and rhombio-dodecahedra, and resemble pyro- 
chlore in general appearance and physical 
characters, but they possess a cubic instead of 
an octahedral cleavage. Chemically, however, 
they are quite distinct from pjrroofalore, 
tabling n6 oolumbium, titanium, or fluormOf 
Sp.gr. 4*15; hardness 5. L. J. S. 
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BSEOHKUT OIL. This oil is derived from 
the seed-kernels of the beech tree {Fiigua 
aylvaiica, L.), which contain from 30 to 42*p.c., 
the yield from the whole nuts being from 10 to 
12 p.o. The oil derived from the nuts of the 
Japanese beech (vaj. Sitholdi, Maxim.) is used 
for food and as a lubricant, for which latter 
purpose it is not well suited, as it is a ‘scmi- 
drying ’ oil. The cold-drawn oil is pale yellow, 
and has a pleasant odour and taste. It has 
s{).ffr. 0’9205 at 15®; iodine value U 1-120; 
ana mj). of fatty acids 17°-17 5® (Higuchi, 
Bull. F^orest Exp. Stat. Tokyo, 1915). In 
Europe beechnut oil is sometimes used to 
adulterate almond oil. 

C. A. M. 

BEECH TAR. According to Fisher, 100 
parts of beech wood yield on dry distillation 45 
parts of acetic acid, 23 parts of charcoal, 4 of 
oil, and 28 of gas, consisting of 20 parts carbon 
dioxide, 7 of carbon monoxide, 0’5 of marsh 
gas, 0*05 of hydrogen, and 0^*45 of water (l)ingl. 
poly. J. 238, 55). • 

The tar contains phenol, crcsol, phlorol, 
guaiacol, and creosol, the dimethyl ether of 
propyl pyrognllol, the dimethyl ether of pyro- 
gallol, which on oxidation yield coerulignone or 
cediret, pittacal, and picamar. 

According to Cratzel (J. Pharm. [5] C, 520), 
ferric chloride colours beech Har creosote a blue 
passing to brown. 

(For a history of tlie investigations made 
upon wood tars', v. Schorlemmcr, J. Soc. Chera. 
Ind. 4, 152, where also will be found a biblio- 
graphy of the subject ; v. also (!reo30tb, and 
Wood, Desteuctive distillation of.) 

BEESWAX t. Waxes. 

BEET-ROOT. The root of Beta vulgaris 
(Linn.). Many varieties are knowp, differing in 
colour, shape, and size. Mangel-wurzel, or 
mangold, as it is often called, is a variety (of 
which there are many sub- varieties), largely 
grown as winter food for cattle ; garden beet-root, 
employed as salad or vegetable, is often under- 
stood when the term ‘ beet -root ’ is used. The 
most important variety, however, is the sugar 
beet, of which many sub-varieties are known. 
These have been obtained by careful selection 
with a view to obtaining the highest proportion 
of cane sugar. 

The presence of sugar in the juice of J>eet-root 
was observed in 1747 by Marggraf, who suggested 
itft^ extraction on a commercial scale. Tho 
early attempts, however, provet^ failures, as 
process could not compete with the cane- 
sugar industry. This is not surprising when it is 
remembered that the beets then grown only 
yielded about 2 p.c. of sugar. 

Careful selection of seed, and improved 
cultivation and methods of extraction, aided 
by a system of bounties by continental Govern- 
ments, have resulted in beet sugar almost 
entirely replacing cane sugar in the principal 
markets of Europe (t>. Sugar). 

Beet-root contains water, nitrogenous mat- 
ters (including true albuminoids and the bases 
glutamine, betaine, and choline), pectins, sugars 
(of which cane sugar and raffinose are the chief), 
eolouniiK matter of an unstable character 
(Formanek, J. pr. Cbem. 1900, ii, 62, 310), 
and ash. It will be well to consider, in turn, the 
oomnosition of average specimens of the three 


principal varieties of beet-root mentioned 
above. • ^ ^ 

(a) Mangel-wurzel^ or Mangold^t called some- 
times fielB beets. Many varieties, differiim in 
colour, size, and shape, are in cultivation. They 
may be classified into long, tankard, and globe 
forms. 

Mangolds grow best in deep,* somewhat 
clayey soils, and in warm, fairly dry climates. 
They demand abundant supplies of plant food, 
and, under favourable conditions, yield very 
heavy crops, from 20 to 30 tons per acre being 
u.suaily obtained. They are bettor as food for 
cattlo and sheep after they have been stored 
for some weeks. 

As in almost all root crops, large mangolds 
are di.stinctly more watery than small ^nes. 

The following is the average composition 
of mangolds, according to (1) Warington, ^) 
Kellner : — 






2 



Large 

Small 

Large 

Medium 

a 

Water . 

89-0 

87-0 

89-5 

88-0 

86-5 

Nitrogenous 

Bubstance.s 

1-2 

1*0 

1-3 

1-2 

• 1-1 

Ether extract 

0-1 

0 1 

0-1 

0-1 

0-1 

Soluble car- 
bohydrates 

7-7 

10-2 

C-7 

8-7 

10-6 

Crude fibre . 

I'O 

0*8 

1-0 

0-9 

0-8 

Ash . 

10 

0-9 

1-4 

M 

0-9 


100 ‘0 

100 -0 

100-0 

100-0 

100-0 


The nitrogenous substances comprise real 
albuminoids, in proportion varying from 33 to 
60 p.c. of the whole (being low’est in the largo 
and highest in the small roijts), and amides. 
Quite considerable quantities of nitrates are 
often present in the juice. 

Tho soluble ‘ carbohydrates ’ consist chiefly 
of sugars, pectins, cellulose, and pentosans ; 
starch is not present. The ash of mangolds, 
according to Wolff, contain#: 

KaO NajO MgO CaO PaOs SOj Cl SiOa 
63 1 14-8 5 1 4*6 9-6 3-3 6*6 3*3 

Tho unusually large proportion of chlorine is a 
noticeable feature. Bents, being descendants of 
a maritime plant, are found to be benefited by 
applications of common salt to the soil in 
w^ich they are grown. Oxalic acid, to the 
extent of about 0-1 p.c., is present in beet- 
root. 

(6) Garden heet-root. These are almost al- 
ways red- fleshed. In composition they resemble 
the mangel-wurzel. 

The aver&go of 17 American analyses shows f 
, Water, 87 6 p.c. ; nitrogenous substances, 

I l-6p.c. ; fat, 0 *1 p.c. ; soluble carbohydrates and 
fibre, 9 6 p.c. ; ash, 1 *1 p.o. 

I (c) Sugar beets. Of those, many varieties 
have been obtained by careful selection. They 
are usually white- or yellow-fleshed, conical in 
shape, and grow with the root entirely 
ground. Tho sugar content now ranges from 
10 or 11 to 16, 18, or even 20 p.c. 

Roots not exceeding 1| to 2 lb# in weight 
are preferred. A deep medium loam oontaimg 
a fair proportion of lime is the soil best suited 
for their growth. Nitrogenous manuring must 
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be only sparingly done, or the roots become 
watery and deficientiin togar. ^ 

It is diflScult give the typical composition 
ol sugar beets, since their sugar content varies 
so greatly with variety of plant, season, size 
of root, cultivation, and manuring. Small roots 
are almost invariably richer than large ones, 
other thing? being equal ; a dry period during 
the ripening and maturing of the roots is also 
favours ble to sugar formation ; well-tilled soil, 
regularity of shape of root, and suitable manur- 
ing, are all important factors in determining the 
yield of sugar. 

There is evidence that the careful selection of 
beets for sugar production has altered the ] 
plant considerably, po far as content of ash is ' 
conoenied (Schneidcwind, Bied. Zentr. 19(H), 
29, 81).* The proportion of ash is much lower 
than formerly, the quantity of potash is only 
ab6ut holt of what it was, while the soda has 
doubled ; magnesia has remained unchanged, 
while phosphoric acid is less. 

According to Kellner, the average composi- 
tion of sugar beets is : Water, 75 p.c. ; crude 
protein, 1-3 p.c. ; fat, OT p.c.; soluble carbohy- 
drates, 21*4 p.c. ; fibre, 1*5 p.c.; ash, 9*7 p.c. 
In addition to the sugar content, the purity 
coeffiooent (the ratio of cano sugar to total sugar) 
is of importance {ate, Sugar). 

The loaves of mangolds and sugar beets 
contain much oxalic acid, up to 8 p.c.* of the 
dry matter (Stoklasa, Bied, Zentr. 1901, 30, 
393), and their ash is rich in lime, magnesia, and 
soda. They contain about 84 p.c. water, 
2*3 p.c. nitrogenous matter, 0*4 p.c. ether 
extract, 7*4 p.c. soluble carbohydrates, 1*6 p.c, 
fibre, and 4*8 p.c. ash. 

They are sometimes used as cattle food, 
either in the fresh or dried condition, or some- 
times as silage, Jn order to prevent ill effects 
from the oxalic acid present, it is recommended 
to sprinkle powdered calcium carbonate on the 
leaves before giving them to animals. About 
1 lb. calcium carbonate to 1000 lbs. of leaves is 
sufficient (Kellner). The leaves are sometimes 
dried by artificial heat, and then furnish a 
valuable food, equal to meadow hay. H. I. 
BEET ROOT GUM v. Gums. 

BEHENIC ACID is said to be 

present aa a glycer.de in ben oil {q.v,). The 
acid prepared from the oil melted at 80®- 
82® and solidified at 76° 79° (J. ffr. (Jhem. 1891, 
61). The acid prepared synthoticallv from 
erucio acid has m.p. 83°-84°, and sohdifics at 
77°~79° ; b.p. (00 mm.) 306° (Talanzeff, J. pr. 
Chem. 1896, 60, 71). It forms aciciilar crystals, 
soluble invilcoW (0*102 p.c. at 17°) and ether 
(0*1922 p.c. at 16°) ; m.p. of ethyl ester, 48° -19°. 
A method of detecting rape oil in olive oil has 
been based -on the hydrogenation of the liquid 
fatty acids, and separation of the behenic acid 
4f^cd from the erucic acid (Biazzo and Vigdorcik, 
Aimali Chim. Appl, 1910, 6, 186). G. A. M. 

BELLADONNA. (Fr. Bdhdame.) The 
Air belladonna (Linn.), or deadly nightshade. 
Ampisonous plant of the Solanamce order. 
EBip^yed in medicine as an anodyne, &c., and 
for dilating the pupil. The name appears to 
lian# been dfearived from the circumstance of its 
Employment in an Italian cosmetic. Its 
pliysioksgioal action is due to atropine. 

' BELLITE. An explosive pinpared by mixing 


a nitrate with a nitro- compound cucU as dinitro- 
benzeno, trinitronaphthalene, or mtrotolueno, 
and ifhffn subjecting the miacture to a temperature 
of from 60® to 100® (Eng. Pat. 18690, Nov. 10, 
1886 ; V . Explosives). 

BELLITE. This name /has also been used 
(W. F. Petterd, 1906) for an incompletely 
determined mineral, described as a chromo- 
arsenate of load, and occurring as bright-red or 
yellow velvety tufts, or as powdery encrustation^^ 
at Magnet in Tasmania. L. J. S. 

BELL-METAL. An alloy of copper and tin 
used in the manufacture of bolls. Contains from 
3 to 4 parts of copjier to 1 part of tin. 

BELL METAL ORE v. Stannite. 

BENG ALINE v. Azo- colouring matters. 

BENGAL LIGHTS. I’hese fires may be made 
j by mixing potassium chlorate, carbon, antimony 
I sulphide, strontium nitrate, &o., together in 
suitable proportions ; but all such mixtures of 
potassium chlorate and sulphur are dangerous 
from their tendency to inflame spontaneously 
owing sulphur frequently containing sulphuric 
acid. Saunders suggests that 120 grains of 
pota.ssiuin bicarbonate should be added to 
each pound of sulphur to neutralise the free 
acid. 

An improvement in the manufacture of 
Bengal lights has been suggested by Cherticr 
(Wagner’s J ahr. 24, it64 ), who obtains a smokeless 
and odourless fire by melting shellac and adding, 
with continuous stirring, the nitrate. The pro- 
portions given are : for rod fires, one part of shellac 
j to five of strontium nitrate ; for green, one of 
shellac to five of liarium nitrate; and for yellow, 
one of shellac to three of sodium nitrate. They 
burn slowly, and are w'oll adapted for theatres, &c. 

C. Schmidt has patented (D. R. P. 34020, 
1886) the following process. From 1 to 10 
grams of magnesium dust are added to 100 
grams of collodion, and 3 grams of barium or 
strontium chloride are added. On evaporation 
of the ether, thin plates are obtained w hich bum 
with great brilliancy. 

Another formula recommended by a German 
firm is, for white fires, to fuse one part sh^lao 
with six barium nitrate, grind and mix with 2*5 
parts magnesium pow'der. For red fires, five 
arts strontium nitrate is used instead of the 
arium nitrate. These mixtures can he made 
into ribbons or charged into thin zinc tubes so os 
to make torches (Dingl. poly. J. 266, 618). {See 
also Flash lights; Pyrotechny.) 

BENITOITE. This interesting mineral is 
an acid titano-silicate of barium BaTiSigOg, 
and forms beautiful sapphire-blue, transparent^ 
crystals suitable for cutting os gems. The ' 
crystals afford the only known example (except 
AggHPO^ (H. Met, 1886)) of the ditrigonal- 
bipyramidal class. 8p.gr. 3*64-3*67 ; H. 6J. 
The dichroism is intense, the ordinary ray being 
colourless, and the extraordinary ray greenish- 
blue to indigo-bluo. The mineral was first fomad 
(and described by G. D. Louderback) in 1997, 
near the source of the San Benito river in Sau 
Benito Go., California, the crystals occurring 
embedded in natrolite veips traversing schistose 
rocks. L. J. S, 

BENJAMIN, GUM, v. Balsams. 

BEN OIL, Behen Oil, is obtained from the 
seeds of tHe Ben nuit from Moringa pierygo*- 
apenna {okxftra) and Moringa optem 
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Thd MotingA trees are indigenous to^lndia^ 
Arabia, and Syria, and were introdnced to 
Jamaica from the East Indies in ]784. Moringa 
pterygosperma has also been found in Northern 
Nigeria, and Dahomey. Ben oil has a slightly 
yeUowish colour, is odourless, and has a sweetish 
taste. The oil consists of the glycerides of 
oleic, palmitic, and stearic acids ; it also con- 
tains a solid acid of high melting-point, which, 
according to Vdlcker (Annalen, (>4, 342), is 
identical with behcnic acid (m.p. 7(>®) ; though 
possibly this acid may be arachidio acid. In 
the East, ben oil is used for cosmetic purposes, 
it is also employed in tlic ‘ maceration ’ process 
for extracting perfumes from flowers. In the 
West Indies the oil is used for edible pnrjioses. 
Jamaica oil, from which any solid deposit has 
been separated by filtration, is used for lubricat- 
ing watches and other delicalo machinery, for 
which purpose it is particularly suitable owing 
to its not readily oxidising when exposed to the 
air. This property is in ftccordance with the 
low iodine value of the oil. A genuine sample 
from Jamaica, examined by Lewkowitsch 
(Analyst, 1903, 28, 343) gave the following 
results : sp.gr. at 15“, 0*9127 ; iodine value, 
72*2 ; iodine value of liquid fatty acids, 97*53 ; 
and butyro-refractometer reading, 50*0®. The 
low iodine value of the liquicLfatty acids imbeates 
that fatty acids more unsaturated than oleic acid 
wer^ only present in small proportion. Com* 
mercial samples of ben oil frequently have much I 
higher iodine values {c.g. 110), but the genuine 
character of .these is open to question. J. L. 

BENZACETIN v, Kynihetic drugs. 

BEIJZAL CHLORIDE. Benzyhdene chloride, 
Bemidene chloride (i>. Toluene, Chlorine de- 
rivatives OF). 

BENZALDEHYDEC,H„OorCJHR*CHO. Ben- 
zoic aldehyde. Benzoyl hydride. Ethereal, or 
voUdile, or esaeiUial oil of hitter almonds. Essence 
of hitter almonds. {Aldehyde henzo'ifjue, Fr. ; 
Bitiermanddl^, Ger.) Mortr^s showed, in 1803, 
that, in addition to the fatty oil, a volatile 
oil could be obtained from bitter almonds ; but 
pure benzaldehyde was flrst isolated, its compo- 
sition determined, and its reactions studied, by 
Liebig and Wohler in 1837 (Annalen, 22, 1). 
Benzaldehyde is not contained, as such, in bitter 
almonds ; it is produced by the action of a 
soluble ferment, emulsin (also termed %ynaptase), 
sent in the almond, on amygdalin CjoHjtNO,,. 
this fermentation, which occurs when the 
bruised almonds are mixed with cold water, the 
Vnygdolin is hydrolysed, yielding benzaldehydo, 

' togemer with hydrocyanic acid and glucose ; 

0,«H,^0ii+2H,O = C,H,O+HCN-f2C,Hi.O, 

If boiling water is used, the ferment is destroyed 
and the reaction does not take place. Peach 
kem^ and kernels of other stone fruits contain- 
ing amygdalin also yield benzaldohyde. It 
occurs, ready formed, in the leaves of the cherry 
laurel (Prunus lauroctrasus), of the bird cherry 
{Prwilta padus), and of the peach {Amygdalus 
penka). • 

Preparation, — 1. From hitter edmonds. The 
bitter almonds (or more rarely, peach kernels) 
an ground and then cold-pressed, to extract the 
lat^ tdl The press cake is made*into a thin 
eree^ wi^ oold water, introduced into a still, 


either by blowing in superheated steam, or, 
less advantageously, over a •fire. In which case 
mechanieal stirring must be employed to prevent 
the charring of the vegetable matter. The 
distillation is continued as long as the distillate 
appears milky. Most of the crude benzaldehydo 
separates as an oily layer under ^he aqueous 
distillate ; some, however, remains in solution 
and may be recovered by distilling the aqueous 
liquid, when the bonzaldehyde passes over with 
the earlier portiou.^i. 

Michael Pettenkofer (Annalen, 122, 77) 
modifies the foregoing process as folloAVS : — 
12 p.arts of the coarsely powdered press cake are 
added to 100-120 parts of boiling water, stirring 
during the proce.ss, and the mixture is kept 
boiling for about half an hour. In thi^way all 
the amygdalin is obtained in solution. The 
liquid is then allowed to cool ; 1 part of groffnd 
liittor almonds, suspended in G-7 parts of cold 
water, is added, and after standing for 12 hours 
the whole is slowly distilled. According to 
Pettenkofer, the maximum yield of benzaldehydo 
is thus obtained, no amygdalin remaining unde- 
composed. Pelz, however, states (J. 1864, 654) 
that the yield of benzaldehydo in this prjjoesa 
is no greater lhah is obtained by macerating 
merely the above-mentioned 1 part of ground 
bitter almonds with cold water and then 
distilling. 

The oil prepared by either of these methods 
contains hydrocyanic acid, from which it may 
be freed by fractional distillation, the hydro- 
cyanic acid coming over with the first part of 
the distillate. The hj^droeyanio acid may also 
be removed without distillation by shaking the 
oil with a mixture of milk of lime and ferrous 
sulphate (Liebig and Wohler). The purest ben- 
zaldehyde is obtained by shaking the crude 
product with 3-4 times its viftume of a oonoeu- 
trated solution of sodium bisulphite, washing 
Uie crystals of the double compound 

I (C7H,0,NaHS0,)jir,0 

' with alcohol, recrystallising them from water, 
i and distilling them with a solution of sodium 
carbonate (Bertagnini, Annalen, 85, 183 ; 

I Muller and Limpneht, ibid. Ill, 1.36). 

2. From toluene . — At the present day benz- 
aldobyde is generally prepared artificially from 
chlormated d#ivativcs of toluene. The follow- 
ing are the chief processes that have been pro- 
posed : — 

Lauth and Grimaux (Bull. Soo.' chim. f2] 7, 
105) boil 1 part of benzyl chloride CjH|*CH|Cl, 

parts of lead nitrate (or copper nitrate), and 
10 parts of water with a reflux condenser for 
several hours, passing a current of carbon 
dioxide through the apparatus io prevent 
oxidation. Half the liqum is then distilled offj 
and the oil, which separates in the distillate, is 
rectified. The product, which consists mainly 
of benzaldehyde, may be further purified by 
converting it into the bisulphite compound. 

The Dow Chemical Co. (U.S. Pat. 1272622) 
heat benzyl bromide with an aqueous sdRttifti 
of calcium nitrate or sodium nitrate. The 
reaction takes place between eguimoleoulfU^ 
proportions of oenzyl bromide and sodium 
nitrate, and the benzaldehyde is practically a 
pure product. 
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Ind. 1883, 274) ohlorinateg boiling toluene until 
it attains a sp.g/. of 1‘176, when it consists 
essentially of a mixture of 2 mols. of benzyl 
chloride with 1 mol. of benzal chloride. This 
product is boiled with six times its volume of 
water and a quantity of powdered black oxide 
of manganese containing two atoms of available 
oxygen to the above molecular proportion. 
The reaction is supposed to take place according 
to the equation 

2C«H,’CHaCl-l-CJicCHCl2d-2MnOa 

-3CaH,.CHO4-2Mn01jrHjO 
The product is steam- distilled, and the aldehyde 
purified in the usual way. A mixture of benzyl 
bromide and benzal bromide may be substituted 
for the»chlorme compounds. 

Another method consists in lieating benzal 
chAorido witli milk of lime under pressure. 

OjH5‘CHCla+Ca(OH)2=C8nj‘CflO + CaCl2-fH20 
According to Espenschied (D. K. P. 47187), the 
reaction takes place under ordinary pressures if 
insoluble substances such as chalk or barium 
sulphate are added along with the milk of lime, 
so as to produce an emulsion of th^ benzal 
chloride. 

Jacobsen (J). K. P. 11494 and 13127 ; 
Ber. 13, 2013, and 14, 1425) heats benzal chloride 
with an organic acid (or an ethereal salt of an 
organic acid) and a metallic chloride, oxide, or 
sulphide. Thus benzal chloride, when heated 
on the water-bath with acetic acid and a little 
zinc chloride, yields benzaldehyde, acetyl 
chloride, and hydtochlorie acid 
C^Hj'CHCJa+CHi-OOaH^OeHjCHO+CHa'COCl+HCl 
The acetyl chloride, owing to its much lower 
boiling-point, may be readily removed from the 
benzaldehyde by distillation. 

Benzaldehyde,. can be prepared by oxidising 
benzyl aniline to benzyfideno aniline, which, 
on addition of acids, splits into benzaldehyde 
and aniline. Fur this purjioso 100 kilos, of 
benzyl aniline, and from 500-1000 litres of 
water are placed in a large retort fitted with an 
agitator ; during agitation and boiling the 
following mixture is gradually run in during a 
few hours : potassium nr sodium bichromate, 
60 kilos ; water, 200 litres, acidulated with 
hydrochloric acid (20°Ji.), 105 kilos, or its 
equivalent of sulphuric acid ; di^illation ensues, 
water and benzaldehyde commg over. The 
nitrobenzaldehydes may bo obtained by sub- 
■ stituting the corresponding nitrobonzylaniline. 
Another method consists in oxidising the salt 
of the benzylanillno sulphonic acid to the 
benzyUdene compound, and then treating it with 
the salt of an aromatic base, followed by hydro- 
chlorio acid. The aldehyde is formed, and the 
aromatic base can be recovered and used for 
.^mother operation (Farb. vorm. Meister, Lucius, 
and Briining, Eng. Pat. 10689 and 30118 ; 
D. R. P. 110173; J. Soc. Chom. Ind. 1897, 
668, and 1809, 36). It has been prepared by 
|)a8«ing a current of air charged with the vapour 
gj.,^luene through a chamber containing a 
catidyser such as oxide of iron, and heated 
betvifoen 160* and 300®. By substituting porous 
baifbon forroxide of iron and using a higher 
temperature, benzoic acid may be obtained 

f iavy, Delage, and Woog, Pr. Pat. 379716; 

Soo. Ohem. Ind. 1907,. 1264 ; Ipatieff, Ber. 
1008, 903). 


It l^as also been prepared 1^ the oxidation of 
benifyhaniline, or b^zyl toluidine with chromic 
acid mixture or with potassium permanganate 
solution in acetone (D. R. PP, 91603, 92084 ; 
Frdl. iv. 129, 131). 

It has also been prepared from phenyl 
magnesium bromide and orthoformic ester 
(Farb. vorm. Fried. Bayer & Co. 1). R. P, 
157573 ; Chem. Zentr. 1906, i. 309). By using 
J5 grams of magnesium, 100 grams of bromo- 
benzene, and 60 grams of orthoformic ester, a 
90 p.c. yield can be obtained (Bodroux, Compt. 
rend. 1904, i. 92). Gatterman’s adaptation of 
the Friedel and Oafts reaction (Annalen, 1906, 
347, 347) has also been employed for the pre- 
yiaration of benzaldehyde. In this process 
benzene is condensed with hydrogen chloride 
and carbon monoxide in the presence of alumi- 
nium chloride and cuprous chloride, the mixture 
of gases acting potentially as formyl chloride ; 
condensation following the usual course (Jl. R. P, 
12642^) 

(^H.+Cl-CHO^CeHj-OHOl-HCl 

Schulze (D. R. PP. 82927, 85493) heats benzo- 
trichlonde at 25°-30® with some ferric benzoate 
or finely divided iron, water is then added, and 
the mixture warmed to 90°-95®, when hydro- 
chloric acid distils Over. The residue is decom- 
posed by milk of lime and distilled in a current 
of steam to obtain the aldehyde. 

Owing to the fact that the product obtained 
from the chlorinated derivatives of toluene 
frequently contains cliloro- compounds, methods 
have been devised for the direct oxidation of 
toluene to the aldeliyde. Rascliig (Chem. Zeit. 
1900, 24, 446) uses manganese dioxide in the 
presence of 6,5 p.c. sulphuric acid at 40®. 300 
kilos of toluene are mixed with 700 kilos sul- 
phuric acid, and 90 kilos finely powdered precipi- 
tated manganese dioxide are added, the whole 
being violently shaken during the addition, 
and the temperature kept at 40®. After com- 
pletion of the action the benzaldehyde and un- 
altered toluene are driven over and the aldehyde 
separated in the usual manner (c/. D. R. PP. 
101221, 107722). The Badische Anilin u. 
Soda-Fabrik use nickel and cobalt oxides, os 
oxidants (L. R. P. 127388), whilst the firm 
of Meister, Lucius, und Briining (D. R. P. 
168609) have suggested the use of cerium com- 
pounds. 

By passing a stream of carbon monoxide 
and hydrochloric acid gas (2:1) through % 
cooled mixture consisting of equal weights of 
aluminium bromide and benzene, and ^ their 
weight of copper chloride, a solid mass is ob- 
tained : this IS decomposed by ice water, 
extracted with ether, and fractionated. The 
yield is 85-90 p.c. (Reforraatsky, D, R. P. 
126421 ; Chem. Zentr. 1901, i. 1226 ; ii. 1372). 

Benzaldehyde has also been prepared by the 
electrolytic reduction of benzoic acid or its salts. 
An electrode of finely divided graphite and 
benzoic acid is employed as the cathode of the 
cell, the anode being of lead or platinum. The 
solution in the coll is 20 p.c. sulphuric acid, 
^turated with benzoic acid, the current tised 
is 1*5 amp. per sq. dcm., and 12-15 volte 
(Mithack, D. R. P. 123554 ; Chem. Soo, Abetr* 
1902, i. 291). Mettler (Ber. 1008, 4148i nsei a 
sodium-amalgam electrode ; and Moeet (1>. R. P. 
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138442 ; Chera. Zentr. 1903, i. 370) electiolyses 
a solution pf sodium phenyl^etate. » * 

A method has b^n described for purifying 
benzaldehyde by dissolving it in sulphurous acid 
and precipitating the bisulphite compound by 
•vdding potassium cliloride (Chem. Fab. Grei- 
sheim-EIektron, D. R. P. 164499 ; Chem. Zentr. 
1904, ii. 905). 

Other modes of formation. — Benzaldehyde is 
also formed in the following reactions, which, 
however, are not of practical importance. By 
distilling a mixture of calcium benzoate and cal- 
cium formate (Piria, Annalen, 100, 105) ; by the 
oxidation of benzyl alcohol (Cannizzaro, Ann. 
Chim. Phys. [3] 40, 234) ; of cinnamic acid 
(Dumas and Peligot, Annalen, 14, 60 ; Harries, 
Bor. 1903, 1296) ; or of stilbeno (Harries, l.c .) ; 
by the reduction of benzoic acid, either with 
sodium amalgam in acid solution (Kolbe, 
Annalen, 118, 122), or by passing^ its vapour 
over heated zinc-dust (Baeyor, Annalen, 140, 
296) ; by treating toluene v fth chromyl chloride 
and then with water (Ftard, Ann. Chim. Phys. 
[6] 22, 225) ; by treating 1 molecule of bcnzal 
chloride with slightly more than 2 molecules of 
acetic acid (BeM, Compt. rend. 148, 179) ; 
by acting on benzophenoneoxime with phos- 
phorus pentasulphide, and decomposing the 
thiobenzanilide thus formed* with boiling alkali 
and zinc-dust (Cuisa, Chem. Zentr. 1907, i. 28). 

Properties. — Benzaldehyde is a colourless, 
strongly refractive liquid with a pleasant aro- 
matic odour, boiling at 179®-180*, and solidi- 
fying at —13 -6® (Pictet, Compt. rend. 119, 
966 ; Altschul and Schneider, Zeitsch. physical. 
Chem. 1896,24); spgr. 1-0604 15®/4® (Mendelceff, 
J. 1860, 7). It is soluble in 300 parts of water, 
and miscible in all proportions with alcohol 
and ether. It is non-poisonous, the poisonous 
properties of ordinary oil of bitter almonds 
being duo to the presence of hydrocyanic acid. 
Its magnetic rotatory power has been studied 
by Perkin (J. Chem. Soo. 1896, 1064). 

. i?ecfC<t0W5.— Benzaldehyde readily undergoes 
oxidation ; thus it absorbs oxygon from the air, 
forming benzoic acid. The presence of hydro- 
cyanic acid protects it from oxidation ; accord- 
ing to Dusart (BuU. Soo. chim. 8, 469), it is 
therefore usual to add hydrocyanic acid to 
artificial benzaldehyde. Taken internally, 
benzaldehyde is oxidised in the orgftiism, re- 
appearing in the urine as hippurio acid and 
benzamide. Aqueous caustic potash converts it 
jpto benzoic acid and benzyl alcohol 

2C,H8-GH0+K0H=C,H5'C03K-}-C,H6CH*0H 

When warmed with alcoholic potassium cyanide 
it is converted into benzoin 

CeH,-CHOH'CO-C,TU 

It forms crystalline compounds with the bisul- 
phites of the alkali metals ; thus ; 

(C,HeO,NaHSO,),H,0 

Under the influence of dehydrating agents, it 
readily undergoes condensation with various 
other substances ; thiA when heated with ocefic 
anhydride and dry sodium acetate it yields cinna- 
mic acid. 

0*H|’CHO+OH.-CO,H=:CgH,‘CH : OHeo,H+H|0 
(Perkin, J. Chem. Soc. 31, 389) ; cinnamic acid is 
obtained from ethyl acetate and benzaldehyde 
(CJlaiien, Ber. 1890, 976 ; Farb. vorm. Meister. 


Lucius and Brilning, D. R. P. 63671 ; Ber. 
1891, Ifef. 180). It oombinis with hydrazine 
to form henzalazine CiiHijNg, which, on dis- 
tillation, yields stilbene (diphenyl-ethylene) 

; CH*C,Hj 5 . With dimethyJanilim in 
presence of zinc chloride it forms the compound 
C,Hj*CH(CeH 4 -NMej)„ the leuoo-^ base of 
benzaldehyde green which, by oxidation, is 
converted into that colouring matter (0. 
Fischer, Ber. 11, 960). 

When hydrogenated in presence of nickel 
between 210° and 235°, benzaldehyde yields a 
mixture of benzene and toluene, together with 
their hexahydrides. Under other conditions it 
may bo reduced by the catalytic actitJi' 
metals and hydrogen to benzyl alcohol 

With pyrogallol benzaldehyde for As dye- 
stuffs of the triphenylmethane series (Hofmann, 
Ber. 1893, 1139), and with chloracetopyrogaflol 
a golden-yellow dyestuff (Kusselkaul and 
Kostanecki, Ber. 1896, 1886). By heating 
benzaldehyde with a little sulphur in a sealed 
tube, stilbene and benzoic acid are formed 
(Barbaglia and Marquardt, Ber. 1891, 1881). 

Derivatives . — The most important derivatives 
are the sulphonio. acids, which are the mrent 
substances of various dyestuffs (Gnehm and 
Schule, Annalen, 299, 347). Benzaldehyde o- 
sulphonio acid (Kafa, Ber. 1891, 791 ; Wailaoh 
ana Wtistor, Ber. 1893, 160; Gnehm and 
Schule, Annalen, 1898, 24; D. R. P. 88962), 
Benzaldehyde p-sulphonio acid (Farb. vorm. 
Sandoz, D. R. P. 154628; Chem. Zentr. 1904, 
ii. 1269). 

Impurities and adulterations . — Benzaldehyde 
very frequently contains hydrocyanic aoid, 
either originally present or subsequently added 
{v. supra), and benzoic acid, formed by spon- 
taneous oxidation. The artifftial product gene- 
rally contains chlorinated bonzaldenydes. Alco- 
hol, ethereal oils, and nitrobenzene are some- 
times fraudulently added ; the latter substance 
resembles benzaldehyde in smell. 

In order to test the purity of a sample of 
benzaldehyde, the sp.gr. anci boiling-point snould 
first be determined, as both of these are altered 
by the presence of impurities. The substance 
should also dissolve without residue in a solution 
oh sodium bisulphite. 

Of the iinpluritios above mentioned, hydro- 
cyanic acid may bo detected by distilling the 
oil and then testing the first portions of the 
distillate by the Prussian-blue test ; chlorine 
compounds, by heating the oil with metallic 
sodium, when todium chloride will be formed, 
in which the clilorine can ho detected by silver 
nitrate, taking care, however, to distinguish 
between silver chloride and silver cyanide, as 
this latter will be formed if hydrocyanic acid or 
nitrobenzene is present ; alcohol, by the iodo- 
form test ; and ethereal oils or nitrobenzene, by 
dissolving the sample in sodium bisulphite, 
when these admixtures remain behind. Bour* 
coin (Ber. 6, 293) tests for nitrobe^ene in 
benzaldehyde by mixing the samnle with^%Wll!fc 
its volume of caustic potash : if nitrobenzene is 
present, the mixture turns green, ai^ on adding 
water the liquid forms two layers, of which tno 
under layer is yellow and the upper grew, 
this latter turning red on standing for some 

ITS. • 

JJtfB'walton.— The reagent employed consist# 
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of 1 c.o. of freshly redistilled phenylhydrazine, 
0'6 c.c^ glacial adctic acid dissolvoa iri 100 o.c. 
distilled water. The liquid oontadning the 
benzaldehyde is heated on the water- bath for 
half an hour, set aside for 12 hours, and filtered 
through a Gooch crucible, dried over oono. 
sulphuric acid, and weighed. Weight of phenyl 
hydrazone' X 0-6481 gives the amount of 
benzaldehyde present. Small quantities may 
bo satisfactorily estimated by this method 
(H^risscy, J. Pharm. 1 S)0(i, 60 ; Dennis and 
Dunbar, J. Soc. Chom. Ind. 1099, 48H). Another 
method consists in estimating benzaldehyde 
colorimetrically with fuchsm decolourised with 
sulphurous acid (Woodman and Lyford, J. 
Amer. Chem. boc. 1908, 1007). 

To*^estimate the presence of benzoic acid, 
60 c.o. of the sample are shaken with water 
alld -10 c.o. N-sodium hydroxide, the excess 
alkali being then back titrated with N-acul, 
ushig phenolpbthalem as mdirator. 
Substitution Di^uivatives of Benzaldehyde. 

o-Nitrobenzaldehyde. It may be prepared 
by the oxidation of the dimercury derivative of 
o-toluene (Reissert, D. K. P. 186881 f Chem. 
Soc.^bstr. 1907, i. 1046 ; Kalle & Co.^ D. R. P. 
199147; Chem. Soc. Abstr. 1909, i. 76); by 
the oxidation of o-iiitrotoluene with manganese 
dioxide or by passing the vapour of the hydro- 
carbon over muiiganese dioxide lieat-cal to 210®- 
260° (Gilliard, Monnot and Cartier, 1). R. P. 
101221 ; Chem. Zentr. 1899, i. 960; Bad. Anil, 
u. Sod. Fab., Eng. Pat. 21947 ; J. Soc. Cliem. 
Ind. 1900, 892) ; by the oxidation of o-nitro- 
toluerio with nickel oxide, nickel chloride, and 
hypochlorite (Bad. Anil. u. Sod. Fab., I). R. P. 
127388; Chem. Zentr. 1902, i. 150); by the 
oxidation of o-nitrobenzylaniline {(f.v. benzalde- 
hyde) ; by the oxidation of o-nitrobonzylalcohol 
and its estc-rs (Eng. Fischer, I), R. P. 48722 ; 
Frdl. ii. 98; Kallo & (!o., D. R. PP. 104360, 
106712; Chem. Zentr. 1899, ii. 950; 1900, i. 
885) ; by the liydrolysis of o-nitrobenzaldohyde 
diacetate, which is obtained by the oxidation of 
o-nitrotohiene with a mixture of acetic anhydride, 
acetic acid, and sulphuric acid (Thieio and 
Winter, Annalen, 311, 356 ; Fried. Bayer & Co., 
D. R. P. 121788; Chem. Zentr. 1901, ii. 70); 
or*^by the oxidation of the sodium salt of o- 
nittophonylnitromethane by potassium per- 
manganate at low temperature in aqueous solu- 
tion (Soc. Chim. des Usines du Rh6no, D. R. P. 
237S58) 

3C,H4(N0,)CH : NOONa+2KMnOH-H.O 
«=3CeH4(^^0,)CH0d-3NaN0a-f-2Mn0, )-2KHO 

Properties. — Large yellow needles, m.p. 46°. 
When treated with acetone and caustic soda it 
yields indigotin (Boeyer, Ber. 15, 2856). With 
methyl- and ethyl-aniline or their sulphonic 
acids it condenses to foi-m leuco- bases of blue- 
green triphonyl methane dyestuffs (Clayton 
Aniline Co., D. R, P. 108317 : Chem. Zentr. 
1900, 1 1081). 

m «.'NltrobenzaIdehyde. It may be prepared 

dissolving 1 volume of benzaldehyde in a 
nurture of 6 volumes of fuming nitric acid, and 
10 Voluinel*.of sulphurio acid, precipitating by 
apddjtion of water and recrystallising from 
dilute alcohol (Widmann, Ber. 13, 678 ; l^rtag- 
nini, Annalen, 79, 260). « 


Promrlies, — Pale-yellow needles, m.p. 69®. 
It fondenses with the sulphonic acids of the 
tertio]^ aniline bases to yield dyestuffs (Kalle & 
Go., D. R. P. 73147, Fr(fl ; iii. 86). 

p-Nltrobenzaldehyde. It is prepared by 
similar methods to tho.se 'ey which the ortho- 
compound is obtained (D. R. PP. 91503, 92084, 
93539 ; Frdl. iv. 129) ; by heating p-nitro- 
benzvlalcohol with copper oxide or other 
metallic oxide.s (Schmidt, D. R. P. 16881 ; 
Frdl. i. 60). 

Properties . — Colourless prisms, m.p. 106®. 
It condenses with benzene and its homologuos 
by addition of sulphuric acid to f irm p-nitro- 
triphenylmetliane (Stolz, J). R. P. 40340 ; Frdl. 
i. 58) ; with secondary and tertiary amines to 
form alkyl- and aryl- derivatives of p-nitro- 
diaminotriiihenyl methane (0. Fischer, D. R. PP. 
16766, l(i707; Frdl.'i. .64); and with the sul- 
phonic acids of tertiary aniline bases (Kalle & 
Co., D. R.'^P. 73147 ; Frdl. iii. 86). The sul- 
Dlionjc acid of p-nitrobcnzaldehyde is prepared 
by the oxidation of p-nitrotoluene o-sulphonic 
acid, and from it blue and bluish-red dyestuffs 
of the triphenylmethane series are easily obtain- 
able (Green and W’ahl, Eng. Pat. 21825; J. 
Soc. Chem. Ind. 1898, 915). 2.4-DinitrobenZ- 
aldehyde has been prepared by Sachs (Ber. 1902, 
35, 1228) by condensing 2‘4-dinitrotoluene with 
p-nitrosodimethylaniline and decomposition of 
the resultant product by acid 


(N(),),C«H3-CH,+NO‘CeH,>N(CH,), 

=(N02)2C,H8-CH=NCeH4N(CH,), 

(N0,),CeH,-CH:->JC6ll,N(CH8)a+H2O 

=(N()a)2CeTl8(^HO-fH8NCeH,N(CH,), 


o-Chlorbeijzaldehyde ^ ^CHO. It is pre- 

pared by the oxidation of o-chlortoluene with 
manganese dioxide and sulphuric acid (Gillard, 
Monnet et C'artier, D. R. P. 101221 ; Chem. 
Zentr. 1899, i. 900), by extraction from the 
products of the incomjilete chlorination of 
o-nitrotoluene (Kallo & Co., D. R. PP. 110010, 
IJ5516; Chem. Zentr. 1900, ii. 460, 1168). 

Properties.-~\t is a liquid, freezing at ~4®, 
and boiling at 208° (748 mm.) ; sp.gr. 1*29 at 
8°. By heating with sulphite it is converted 
into benzaldehyde o-sulphonic acid (Geigy & 
Co.. I). <R. P. 88952 ; Frdl. iv. 113). It is 
easily condensed with aromatic secondary and 
tertiary amines to yield dyestuffs of the iri- 
phenylme thane group (Geigy & Co., D. R. P, 
94126 ; Chem. Zentr. 1898, i. 296). By sulpho"^ 
nation, 1:3: 6-chlorbenzaldehyde sulphonic acid 
is produced, which when condensed with 
secondary or tertiary amines and then oxidis^ 
yields greenish-blue or blue dyestuffs (Soo. 
Chem, Ind. of Basle, Eng. Pat. 25128; J. Soo. 
Chem. Ind. 1897, 137 ; Gnehm and SchUle, 
Annalen, 299, 347). 

m-Chlorbenzaldehyde. It is obtained from 
m-nitrobenzaldehyde by replacing the nitro* 
group by chlorine (Erdmann and Schweohten, 
Annalen, 260, 259 ; Eic|;iengriin and Binhora. 
ibid. 262, 135). It crystallises in prisms, m.p. 
17®, and boils at 213®, 

P-Chlorbenzaldehyde. It is associated Vith 
the ortho- Compound in most preparations, and i* 
may be obtained from the mixture by sulphu’ 
nating the ortho- compound by treatment, with 



BENZENE AND ITS HOMOLOGtJES. |ft9 


faming sulphuTio aoid (Geeel. f. Ghent Ind.* 
D. R. P. 98229 ; Chem. Zentr. 189$, ii. 74h)^ by 
nitrating the ortho- compound with nitfic and 
Rulphunc acids, and steam-distilling the para- 
compound (Gesel. f. Chem. Ind., D. R. P. 
102745; Chem, ZeiHr. 1899, ii. 408); by frac- 
tional distillation (Parb. vorm. Meister, Lucius 
and Briining, D. R. P. 207157 ; J. Chem. Soc. 
Abst. 1909, i. 307). It is a crystalline solid, 
melting at 47'5°, and boiling at 213°-214°. 

Of the dichlorbenzaldehydes the 2 : 5- and 
2 : 0-dichlor- compounds are the parent sub- 
stances of many dyestuffs 2 : 5-dichlorbenzalde- 
hyde (Gnehm and Banzigcr, Ber. 1890, 875; 
Schiilc, Annalen, 209, 34) melts at 57®-5S°, and 
is obtained by the action of antimony penta- 
chloride on bcnzaldehyde in the presence of 
iodine. 2 : O-dichlorbeiizaldehyde (Anil. Fabw. 
und Ext. Fubrik., D. R. P. 190043 ; Gliem. Soc. 
Abstr. lOOS, i. 080). Reduction of the nitro- 
benzaldeliydes yields the amino-bcTlzaldeliydes, 
of which the most impoi'tant is the ^para- 
compound. 'rhis may also be prepared by 
heating p-nitrotoluene with sulphur and sodium 
hydroxide (Gcigy,L). R. P. 80874). Bayer & Co. 
(I). R. P. 2183041 separate the amino- beiizalde- 
hydes by reducing the crude nitro- compounds 
with hot sodium hydrosulphite solution, cooling 
to 50®, and acidification with hydrochloric acid. 
The mixture is then boiled for one minute, and, 
on cooling, the anhydro- compound of the o- 
aminoaldchydo* separates, whilst the wi-amino- 
benzaldehyde remains in solution, and can be 
recovered, and hence used for the preparation 
of the m-hydroxybcnzaldehyd(\ 1 )imethyl- 
amino bonzaldchyde (CTTglgN C^H^-CHO is best 
obtained by Ullmunn and Frey’s method (Ber. 
1904, 37, 859), in which p-dimcthylaniinobenzyl 
alcohol (from dimethylanilinc and 4ormaldehyde) 
is condensed with p-nitrosodimethylaniline, and 
the resulting compound decomposed by nitrous 
aoid. It crystallises in colourless needles, 
melts at 73®, and is used in the preparation of 
triphenylmethane dyes. 

Hydroxybenzaldehydes Salioylaldehyde. 

BENZALDEHYDE GREEN r. Triphenvl- 

METHANE COLOURING MATTERS. 

BENZALDEHYDE 0 SULPHONIC ACID 

SO,H 

* . 

Che moat technically important member of the 
group, is obtained % heating o- chlorobenzene - 
aldehyde with an aqueous solution of sodium 
sulphite under pressure at 170®-180®, and 
treating the product with sulphuric acid. When 
the sulphur dioxide is expelled by boiling, the 
cooled liquid is neutralised with sodium carbo- 
nate, and the sodium salt extracted with alcohol. 
Or the sulphonic acid may be converted into 
the sparingly soluble barium salt (Goigy & Co., 
D. R. P. 88952). 

The free aoid is a syrup ; the sodium and 
barium salts crystallfte in prisms (Gnehm and 
Sohtile, Annalen, 1898, 299, 347). 

Th$ aoid may also be prepared by oxidising 
stilbene disulphonic aoid with poto^ssium per- 
manganate (Levinstein. Eng. Pat. 21968, 1897). 
SOIZAlQOAOlDv. Amxno- acids (aromatic). 


BENZANTHROJNfE, 



Prepared by heating a mixture of anthranol 
with sulphuric' acid and glycerol at 120®, 
treating the product with water, washing the 
crude substance with sodium hydroxide solu- 
tion, pressing, and drying. May be prepared 
from anthracene by treatment with sulphuric 
acid and glycerol (Lladische Anilin und Soda 
Fabrik, D. R. P. 176010) ; and by condensing 
anthranol with acotin, or 2-aminoanthrSquinono 
with diehlorohyclrin {idein. D. R. P. 2043^) ; 
or by heating phenyl-a-naphthyl ketone mtb 
aluminium chloride or ferric chloride. For 
other syntheses, v. Schaarschmidt and Korten, 
Ber. 1918, 51, 1074; Schaarschmidt and 
Gcorgeacopol, Ber. 1918, 61, 1082 ; v. Ketones. 

C^rystallised from alcohol benzanthrone forms 
pale yellow needles, ni.p. 170®. Used in the 
manuiacture of indanthrene dyes {see Benzan- 
throue Colours, art. Indanthrene). * 

BENZAURIN Aurin. 

BENZENE AND ITS HOMOLOGUES. 

Benzene. {Benzol, Benzole, Fr. ; Benzol, 
Gor.) The name of this substance was derived 
in its original form from that of gum benzoin, 
probably as benzoin oleum, hence benzole, which 
latter form is still in use amongst nearly all 
distillers and users of it both in this country and 
on the Continent. In more strictly scientific 
literature, however, tlio name benzene has now 
become generally accepted, and the systematic 
termination -c«€ is employed names of 

its various homologues, as toluene, xylene, 
cymciie, &c. 

Pure benzene is a limpid, colourless, highly 
refracting liquid at ordinary temperatures. Its 
sp.gr. at 0® is 0-8991 (Kopp),0'90023 (Adrioansz), 
and at 15® 0-8841 (MendeMeff). 

Its refraction index for the D line at 16'2® is 
1 • 1957 f Adnaansz) ; at 9®, 1 -4593 for A, 1 '6060 for 
i), J-5037 for H (Gladstone); at 8-5®, 1*50381 
for (Perkin, Chem. Soc. Trans. 1900, 77, 
273). 

When surrounded by ice it becomes solid, 
and if crystallisation is allowed to take place 
slowly, rhombic crystals are produced, the 
axes of which, a, b, c, are 0*891, 1, 0*799 (Groth). 
The solid melts at 5-483® (Richards and Shipley, 
J. Araer. Chem. Soc. 1914, 36, 1825). 

It contracts on solidification, the difference 
in the specific volume of the liquid and solid 
Vy -v^~Av is between 0-1219 and 0*1304 at 6*35® 
(Heydweiller, Ann. Phys. Chem. 1897, (iii.) 61, 
627). 

it exhibits no absorption lines or bands in 
the visible portion of the spectrum. Bey<md 
H, however, photographs show a series of 
four bands covering the region lying b#w^ 
W.L. 3171 and 2190 tenth-metres. The metbyb 
ated benzenes, toluene, and the three xyletins 
exhibit a similar absorption, requfting, indeed 
very careful measurement to dietingaish one 
from the other (Hartley, Chem, Soo, Traoi. 
1886, 47, 686 ; Proe. Roy. Soc. 1008. 80, A, 
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J62; Hartley and Dobbie, Chem. Soc. Trans. 
1898, 73, 695 ; Baly and Collie, ibid. i906, 87, 
1332; ‘ Friederichs, Zeitsoh. photoch^m. 1905, 
3, 154 ; Grebe, ihid. 376 ; Mies, ibid. 1909, 7, 
357 ; 1910, 8, 287 ; Witte, ibid. 1915, 14, 347; 
Massol and Faucon, Compt. rend. 1918, 106, 
819). 

Benzerto is an excellent solvent, easily dis- 
solving caoutchouc and asphaltum, if they have 
not been exposed to light, though the protective 
effect of the light on the asphaltum is But slight, 
and prolonged treatment with benzene causes 
it to dissolve. Nearly all the gum resins, sul- 
phur, phosphorus, fats, oils, most of the natural 
alkaloids, and many other organic compoimds, 
are soluble in it. It has also, in common with 
carbon,, disulphide, the property of dissolving 
iodine with production of a violet solution. 

^ Benzene is itself soluble to a very slight 
extent in water, considerably more so in alcohol, 
whilst ether, glacial acetic acid, acetone, and 
carbon disulphide, dissolve it readily. 

Benzene boils under normal pressure at 
80*36° (Regnaiilt). For benzene from coal tar, 
Adriaansz found 80 ’53° to 80*62° ; and for that 
obtained from benzoic acid prepared frbm gum 
benzoin, 80*60° to 80*67° ; 80*2° (corr.) Thorpe 
and Rodger. Its specific heat at temperatures 
between —185° and -f 20° is 0*176 (Nordmeyer 
and Bernouilli, Ber. Deut. physikal. Gcs. 
1907, 6, 175) and at 94° is 0*4814 (Schlarap, 
Ann. Phys. Chem. 1896, (iii.) 58, 759). The 
latent heat of vaporisation is 94*37 (Griffiths 
and Marshall, Phil. Mag. 1896, (v.) 41, 1) or 
94*93 (Campbell Brown, (3iem. Soc. Trans. 1905, 
87, 265), 

For observations on its thermal expansion, 
see Kopp (Jahr. 1847-1848, 66), Louguininc 
(Ann. Chim. Phys. 4, 11, 465), Adriaansz (Bull. 
Soo. chim. 20, 18T3). 

The vapour when inhaled produces giddiness 
and ultimately insensibility. 

Benzene forms witli picric acid the molecular 
compound CeH,(N0a)80H,C#H,, which melts 
with decomposition at 90°. 

Oxidising agents, such as potassium per- 
manganate or manganese dioxide and sulphuric 
acid, convert it into formic, propionic, and oxalic 
acids, together with small quantities of benzoic 
and phthahc acids, the latter substances being 
produced by the simultaneous oxidation of 
formic acid and benzene, the process of condensa- 
tion resembling that occurring in the conversion 
of dimethylaniline into methyl violet. When 
strongly heated in sealed tubes or when passed 
ilowly thrpugh strongly heated open tubes, con- 
densation and decomposition go on together, 
acetylene, diphenyl, diphenylbenzene, &o., 
being formed with evolution of hydrogen and 
deposition of carbon (c/. Smith and Lewcock, 
CSiem. Soo. Trans. 1912, 101, 1453 ; Zanetti 
and Egloff, J. Ind. Eng. Chem. 1917, 9, 350). 

There can be little doubt that toluene and 
xylenes can also be produced in this way, and 
sin^e Berthelot has shown that toluene and 
when passed through strongly heated 
tubes can produce anthracene and naphthalene, 
andi-sliice. he also obtained anthracene by so 
trea^dg a mature of benzene and ethylene, we 
may assume t^t if benzene is mt the mother 
,«tnitance of the whole series of hydrocarbons 
nbfyidned from coal tar, ‘it is yet capable, 


under proper conditions, of generating all the 
others. 

Vigour of benzene mixed with hydre^n 
paased over finely divided nickel heated to 
1 70°-190° yields cyclohexane C jHi,. The homo- 
loguos of benzene behave similarly. 

By passing dry ammonia through benzene 
containing calcium shavings a calcium-ammonia 
compound Ca(NH 8)4 is formed, which with the 
benzene produces dihydrobenzene C,Hg : 

Ca{Nll8)4=Ca(NHa)a+2N,H4-Hg 

(Dumanski and Zvereva, J. Russ. Rhys. Chem. 
Soo. 1916, 48, 994). 

When chlorine acts on pure benzene in 
sunshine, benzene hexachloride CgHgCl* is 
formed. The substitution of chlorine for 
hydrogen in the nucleus or benzene ring is a 
very slow operation if chlorine alone is used, but 
if in every litre of benzene about 10 grams of 
iodine are dissolved', and the liquid kept boiling 
while a brisk current of chlorine is passed into 
it, substitution readily takes place and chlori- 
nated benzenes are produced. The reaction 
may be continued until the whole of the hydrogen 
is replaced with production of h ex ach loro- 
benzene CgClg. (For the electrolytic chlori- 
nation of benzene, and toluene, see Name and 
Maryott, Amer. J. Sci, 1913, (iv.) 35, 153; 
Fichter and Glantzstein, Ber. 1916, 49, 2473). 
Corresponding bromine and iodine compounds, 
and mono- and p-di-fluoro- derivatives are 
known. 

When subjected to the action of strong nitric 
acid or a mixture of nitric and sulphuric acids, 
substitution of hydrogen by NO, takes place with 
great ease. If the mixture is kept cool only 
mononitrobenzene is formed, but if heated, 
the three dinitrobenzenesare produced, the 
metadinitro- product (m.p. 89°) always greatly 
predominating. The ortho- and para- com- 
pounds can only be produced in quantity by 
indirect methods. Trinitrobenzenes can only 
be obtained by the action of a great excess of a 
mixture of nitric acid and fuming sulphuric acid. 

All the nitro- compounds on reduction with 
appropriate reagents, such as iron, zinc, or tin, 
in the presence of acid, preferably hydrochloric 
and water, yield amino- compounds corre- 
^onding«with the nitro- compound reduced. 
Such are aniline C,H 5 *NH,, the three dia- 
minobenzenes or phenylenediamines 
C.H4(NH,)„ &c. 

The amino- compounds, by the action of 
nitrous acid or nitrites in the presence of an 
excess of acid, preferably hydrochloric, are 
converted into diazo- compounds. If a diazo- 
benzene salt, e.g. CjH 5 *NjCl, is dissolved in 
absolute alcohol, and the solution heated, the 
nitrogen is evolved as gas whilst benzene is 
regenerated. If a diazo- salt is oissolved in 
water and boiled in the presence of an acid, 
nitrogen is also evolved and the correspond^ 
phenol is produced. 

The diazo- compounds react with certain 
amino- compounds or phenols, giving rise to the 
almost innumerable series of dyes known as azo- 
colouring matters (q'.u.). Solutions eociled with 
ice should Bb employed, and all rise of tempera- 
ture must be ouefully avoided. Under proper 
conditions some dia^ compounds* hoifever* 
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a*ttadt; the amino- group of amino- compaunds, 
forming diazoamino- compounds such as diazo- 
aminobenzene C«H,‘N : N'NH'CjHj. Th^ can 
be made to undergo an isomeric change resulting 
in the formation of what are known as aminoazo- 
compounds, of which Vminoazobenzene 
CaHj-N : N CeH,-NH, 

is a typical example. Such substances, when 
treated with a reducing agent, split up into an 
amine and a paradiamine, while diazo- com- 
pounds yield hydrazines only, and diazoamino- 
compounds a mixture of a liydrazino and an 
amine. 

If the nitro- compounds are submitted to the 
action of alkaline reducing agents in alcoholic 
solution, such as a mixture of zinc-dust and 
alcoholic soda, the reaction takes a different 
course altogether. The action of alcoholic soda 
and heat alone will convert mononitrobenzene 
into azoxy benzene C^Hj-N : ; this, by 


nascent hydrogen, is converted into azobenzene 
: N'C^Hg, which under the action of the 
same reagent is still further reduced to hydrazo- 
benzene OjHj'NH’NH-CJfj. The latter, when 
treated with an acid, is converted into a salt of 
benzidine (paradiaramodiphejjyl) 

which is a stiongly basic compound isomeric 
with hydrazobenzene. 

When heated with concentrated sulphuric 
acid or treated in the cold with solutions of 
sulphur trioxide in Sulphuric acid, sulphonic 
^acids are produced by substitution of HSO, for 
hydrogen. These are either mono-, di-, or poly- 
sulphonic acids, according to tfce treatment 
adopted. They are all powerful acids, and 
form well-defined and generally well-crystallised 
salts with sodium, potassium, and ammonium, 
and equally definite, though less easily crystal- 
lised salts with calcium, barium, copper, iron, 
etc. These, especially the sodium or potassium 
salts, if fused with caustic potash or soda, or 
heated under great pressure (40 atmospheres) 
with aqueous soda or potash, are decomposed 
with production of a sulphite of the alkali metal, 
and conversion of the benzene residue into 
the corresponding hydroxy- or pheriblio com- 
pound. 

Only the methyl homologues of benzene will 
be considered here, as these are the chief ones 
Irhich occur in coal-tar. 

The monomethyl derivative is known as 
foluene, and under aU treatments behaves as a 
ooo^letejy homogeneous substance. 

The dimethyl derivative is known as xylene, 
the substance of that name occurring in coal 
tar, which occurs as three isomeric compounds : 
OrihfxcyUne, boiling at 341®-142®, which, when 
gently oxidised with weak nitric acid, gives a 
toluic acid melting at 102** ; meku^lene, boiling 
at 139*, which gives a toluic acid melting at 
106*; paraxykne, mt^ting at 16*, and boUing 
at 136*, giving a toluic acid melting at 17S*. 

Each of these different xylenes is, however, 
absolutely identical in percentage composition, 
and this isomerism is oonsid«red t6 be due to 
the emfiguratim of the molecule, or, in other 
words, to thp positions in space occupied rela- 


tively to each other, and to the benzene residue, 
by the tsvo substituting* molegules. 

This iqethod of regarding the oonstithtion of 
benzene and its innumerame series of deriva- 
tives is usually, for purposes of discussion, in- 
vestigation, or explanation, represented by 
drawing a hexagon to represent the molecule of 



benzene, the six angles representing the six 
groups of CH at any of which substitution is 
supposed to take place. Since only one mono- 
substitution compound of a given kind (t.e. con- 
taining a given substituting group) is known, all 
the six CH- groups in benzene are supposed to be 
of equal value. The fact that disubstitution 
compounds exist in three distinct isomeric modi- 
fications (compare the above-mentioned xylenes), 
is explained in this scheme by the following 
suppositions as to the relative ^sitions occupied 
by the substituting groups. First, substitution 
is supposed to take place at two adjacent angles, 
e.g. 1 and 2, 2 and 3, 4 and 6, &o,, in wmch 
case the w'ord ortho- is prefixed to the name of 
the substance, as'orthodimethylbenzene f com- 
monly called orthoxylene), or orthodiomoro-, 
orthodibromo-, or orthodiaraino-benzene, etc. 
Or the substitution is supposed to take place at 
two angles not adjacent, but with one inter- 
posing, as at 1 and -3, 2 and 4, or 1 and 6, etc. 
In this case the product is indicated by the prefix 
meta-, as metadimethylbenzene (commonly 
called metaxylene, &c. Lastly, the substitution 
is supposed to take place at opposite angles, such 
as 1 and 4, 2 and 6, 3 and 6, etc. In such a case 
the substance is known as a para- compound, ai 
paradimethylbonzene,or paraiylene, paradinitro 
benzene, etc. • 

This theory is due to Kekule, and satisfac- 
torily agrees with most of the phenomena. 
(For a risumi of work on the constitution of 
benzene, see Kauffmann, Chem. Zeitschr. 4, 
289 ; Holloman, Chem. Weekblad, 191v5, 12, 
440.) 

Toluene and xylene generally react under 
similar conditions in the same way as benzene, 
produoing a similar series of compounds. Since, 
however, toluene itself is a mono- substituted 
benzene, mono- substituted toluenes are really 
di- derivatives of benzene. For instance, there is 
but one roononitrobenzene, but there are three 
mononitrotoluenes. There are three dinitro- 
and three diamino- benzenes, but there are six 
dinitrotoluenes and six diaminotoluenes, and 
so on. 

^ It is to be borne in mind that in all substi- 
tution derivatives higher than the di- substitution 
series, the number of possible modifications is 
greater when the substituting noups are dis- 
similar than when they are au alike; thus, 
although there are only three isomeric tri- substi- 
tution compounds of the formula C|H|X'| or 
there are six such compounds of the 
formula CjHjX'jY'. f -m 

It follows that the xylenes being di- oeriva- 
tives, their mono- are tri- derivatives of benzene, 
and consec^uently correspond in ftumber with 
the di- aerivatives of toluene. 

The introduction of the methyl group, more- 
over, permits of anether kind of substitution 
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which gives rise to a totally different class of 
" compoands froi^ tho%e described abcwe as con- 
figurational isomerides, in which substitution 
takes place not in the benzene nucleus, but in the 
methyl group itself. Such substitution is said to 
be extra-nuclear. 

Thus, as mentioned above, there are three 
substances having the formula CgHjo known as 
ortho*, meta-, or para-xylene. Those isomerides 
are represented as dimethylbonzenes of the 
following configurations : — 



J)ut there is another only known to occur 

in one form, and always beliaving as a mono- 
derivative of benzene ; tins is ethylbenzene 

CHg-dla 



^ust as in this case a methyl group has been 
introduced into the methyl instead of into the 
nucleus, so chlorine, bromine, &e., may be in- 
troduced, and m this manner such compounds 
as benzyl chloride the di- or tri- 

chloride, bcnzaldehyde, and many others arc 
formed. 

The physical properties of toluene greatly 
resemble those of benzene. As solvents, there 
is little or no difference in their powers, and 
though the boiling-point of toluene is so much 
higher than that of benzene, yet in a current of 
air at ordinary temperatures it evaporates nearly 
as quickly. 

Toluene is a colourless limpid liquid which 
solidifies at •—94*2° (Ladenburg and Kriigel, 
Ber. 1899, 32, 1818) or -97° to -99° (Archibald, 
and McIntosh, J. Amer. Chem. 8oc. 1904, 26, 
305). Its specific gravity is less than that of 
benzene, being at 0° 0*882, at 15° 0*872, its 
index of refraction at 25*5° is for A 1*4709, 
D 1*4794, H. 1*5090 (Gladstone and Dale), at 8*5° 
for Ha 1*49891 (Perkin), 

Toluene boils constantly at 111°, 110*56° 
(corr.) (Thorpe and Rodger) ; the vapour has 
much the same physiological effects as that of 
benzene, but its odour is decidedly less pleasant. 
If ingested into the stomach, it is eliminated 
in the urine as hippuric acid. 

Of the three xylenes the meta- is chiefly used 
in commerce. Orthoxylene boils at 141°-! 42° 
144*07° (corr.) (Thorpe and Rodger). Metaxy- 
lene boils at 139°, and its specific gravity is 
0*8668 at 19°, 138*8° (corr.) (Thorpe and Rodger) ; 
Q).gr. 0*8812 (Pinette). Paraxylene boils at 
13^, and at 19° its sp.gr. is 0*8621, 138*23° 
(corr.) (Thorpe and Rodger) ; sp.gr. 0*8801 
(Pinette). The two former are liquid at all 
teihpemtures down to at least — 20 , but para* 
li^rlM I>eooineS solid when exposed to a freezing 
mixttfre, and when once frozen it only melts 

The xylhies are distinctly less volatile than 
toluene and benzene in an afr current. The 
smell of the vapours is unpleasant and pungent, 


and they possess the power of producing nn- 
cqpsciousness when inhMed. 

Both benzene an<l toluene when prepared 
from coal tar are accompanied by sulphur com* 
pounds known as thiophens. That derived from 
benzene, no doubt by the^^aotion of sulphur from 
the pyrites of coal at a high temperature during 
distillation in the gas retort, is represented by 


the formula P4H48 or 



It was isolated in 1882 by V. Meyer, who 
obtained by constant and repeated agitation 
with Buljihuric acid about 2 kilos from 2090 
kilos of commercial benzene. It is a colourless 
liquid, boiling constantly at 84° ; sp.gr. at 15° 
1*100. In many of its reactions it behaves 
exactly like benzene. V. Thiophen. 

Two tbiotolens corresponding with toluene, 
i.e. being methylthiophen, are known. They 
both boil at about 113 , sp.gr. 1*0194. The very 
minvto quantity in which these substances occur 
renders them of no industrial importance, even 
as impurities. 

Benzene was first isolated by Faraday in 
1826, in the liquid separating from condensed oil 
gas. 

It is unnecc-ssary hero to describe the pro- 
cesses by which <Mitschcrlich, B’Arcet, Kojpp, 
and many others obtained benzene, as the wst 
practically industrial process was that of Mans- 
field, founded entirely at first on Faraday’s, and 
dealing with a similar product as the source, 
namely, coal tar (Mansfield, Quart. Jour. Ghem. 
Soc. 1848, 1, 244). Mansfield took the lower 
boiling portion of coal tar, which was then used 
under the name of naphtha for lighting purposes^ 
and distilled it over a flame in a stiB provided 
with a jackbted head and a simple form of 
dephlogmator made by connecting the upper 
part of the condensing w*orm with the still body 
by an inclined tube. The water in the jacket 
round the long egg-shaped head partially con- 
densed the vapours rising from the boiling fluid 
until it reached a temperature of 100°, when those 
vapours condensable at that temperature were 
alone affected and returned to the still, those 
reqtJiring a lower temperature passing on to the 
worm, and being condensed and collected. Much 
of the spray carried upward by the vapours was 
stopped hi the head, and what passed it and was 
condensed in the connecting tube between the 
still head and the worm flowed into the inclined 
tube, and found its way back to the body of the 
still. Finally, when nothing more could pass 
the boiling water in the jacketed head, this in- 
clined tube, on a oock being fully opened, which 
during the first part of the process was partially 
closed, could be made use of to distil over the 
higher boiling portions. 

Such an apparatus could, of course, only effect 
a rough separation of the oil into a * benzol * 
mainly distilling below 100° and a * naphlha,* 
most of which would not distil below 100®., 

If, however, the water of the water jiwket 
round the head were carefully kept at a 
temperature, say 80*-82°, a much purer piquet 
could be obtained. For some years the propose 
was only carried out with the object of getti^ 
oils for the'' Read Holliday lamp, and for .the Use 
of rubber manufacturers. 
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Ihe early demands for ‘benzol’ for use in 
the emiline colour industry vrere confined to 
what were knowi^as 30 p.o., 60 p.c,, and 90 p.o. 
benzo]8*i^ which terms were understood to mean 
that 30, 60, or 90 p.c. by measure of the sample 
boiled below 100®. Of these the 30 p.o. was 
mainly used for the production of aniline for red, 
and the 90 p.c. for aniline for blue. Mansfield 
had, however, subjected his distillates to a care- 
ful’ but most laborious fractionation in glass i 
retorts, finally obtaining perfectly pure benzene 
by recourse to freezing and pressure, and ho ! 
pointed out that ‘ it is evident that any of the 
summary processes of rectification which are 
practised by distillers in the manufacture of 
alcoholic spirits are applicable to the separa- 
tion of benzole from the less volatile fluids of the 
naphthyl* (Reports of the Royal College of 
Chemistry, 1849, 267). 

^ Mansfield, in fact, in the remarkable paper 
just quoted, laid the foundations of the whole 
benzene industry, and his processes with 
scarcely a change are in use to this day. The 
departures from them have been one by one 
abandoned in favour of hia method of absolute 
separation of the light oils into their consti- 
tuents, and it is not too much to say that had it 
not been for his terrible death ^ in February, 
1856| we should have had the pure hydrocarbons 
in the market many yea rs ago. 

The introduction of the aniline black printing 


processes and other improvements in the dye 
industry, however, slowly gave rise to a demand 
for a purer benzene, v bile later on a demand for 
toluene and xylene stimulated the improvement 
of the distillation process. 

The movement was naturally, as Mansfield 
had suggested, towards the use of such a still 
as had been introduced by IMr. Coffey in his 
patent of 1832 and subsequently carried to groat 
efficiency by succeeding generations of spirit 
distillers. Coupler of Paris appears first to have 
worked on a largo scale in this direction about 
1863. He modified the original Mansfield appa- 
ratus in the way mentioned above, and showed 
that at one operation he could separate ordinary 
60 p.o. commercial benzol as follows ; — 

100 litres yielded : 

44 litres between 80° and 82® (‘ Pure benzol ’) 
6 „ „ 82° „ 110® (Crude toluol) 

' :i7 „ „ 110® „ 112® (‘Pure toluol’) 

6 ,. „ 112° „ 137® (Crude xylol) 

9 „ „ 137° „ 140® (‘Pure xylol’) 

13-14 „ „ 140° „ 160° last runnings. 

In addition there were about 0 litres between 
62° and 80°, consisting of various impurities 
such as carbon disulphide, acetonitrile, etc. 

Vedle', Savalle of Paris, and others followed 
with various improvements in the same direc- 
tion, Savalle boinu most generally considered to 
have produced toe best still, though it had 
two great drawbacks, viz. it was manufactured 
of copper, which made it very costly, and it was 
hampered, as far as its condensation arrange- 
ments were concerned, by an expensive and 
^lej0 attempt to use air from a fan 
o^vi^ hy steam as a means of cooling the 
condensers. 


^ Idansfield was burned to death by the boiling over I 
of a heosene still. # 


ITie latter attempt was soon given up. In 
,1 (P* ^73) is seen the apparatus in its 
lawt form as made 
by tiie Metallwerk© , 
vormals T. Aders, of 
Magdeburg-Neustadt. 

The still being 
charged with the 
proper quantity of 
napntha or crude ben- 
zol, which has under- 
gone the necessary 
waBliing«< with sul- 
phuric acid and sodium 
hydroxide, steam is ad- 
mitted into the coils, p, « 

where it circulates, the 

condensed water escaping through another tube in 
the usual fashion. As soon as the liquid begins 
to boil, the vapour ascends into the head a and 
passes through the curved tube a' into the bottom 
of the column b. This contains 25 to 30 flat 



diaphragms, each pierced with a number of small 
holes, and one larger, into W'hich is fitted a short 
wide overflow tube, the end of which stands up 
about 2 inches above the level of the plate. On 
the opposite side of the plate is a small depression 
about 2 inches deep and 4 inches in diameter, into 
which the overflow tube from the plate above 
dips, its own tube pipping in the same way into 
a depression in the plate below. The condensed 
fluid acts to each overflow tube as a trap (Fig. 2), 
and prevents the ascent of vapour through it. 

The rising vapour condenses rapidly on those 
plates, and the fluid thus produced, unable to 
penetrate the small holes through which the 
hot vapour is rushing, rises to the brim of the 
overflow tube, and then pours down from plate 
to plate into the still body. The n on-con- 
densed vapour rises through the perforations 
of the next plate, where it undergoes a similar 
operation, and so on to the top, the vapour 
passing away from which has thus been succes- 
sively washed by bubbling through some thirty 
layers of fluid, each slightly cooler than the one 
beneath. Finally, the vapour passes through a 
surface or multitubular condenser, c, which is 
provided w ith a water supply so regulated that 
its temperature is about that of the boiling- 
point of the liquid required. The liquid here 
condensed flows back into the column at a suit- 


able poin,'’, while the now purified vapour passes 
on to the second condenser, d, and is finally corn- 
pletely condensed into the liquid form. Thence 
it flows into the glass vase E, which is fitted on 
to a stand-pipe communicating with the diff- 
tributing-pipoB which convey it to the store 
tanks. The fractions taken should now boil as 
follow's: Benzene, 80°; toluene, 110°; xylene, 
140®. 

If pure products are required, each fraction 
is washed with concentrated sulphuric acid, 
and a washing with soda solution follows. 
The fraction is introduced into a oa8t«iron 
vessel provided with a lid with manhole and 
inlet pipe. Through the centre passes a vertical 
shaft rotated by mitre geared wheels. Tfib shaft 
is provided with arms so arranged that Hie con- 
tents can be thoroughly churned up. A good 
form of apparatus is seen in Fig. 3. The detail^ 
need no description except to point out that the 
screws used to force the fluids through the twO 
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vomiting tubes a and a' should be set on the 
shaft wi^ their helices reversed right an^left, 
so that the lower one causes the lower fluid to 
rush up» and the upper one the upper* fluid 
to rush down ; they thus cause the two currents 
to meet together violently and thoroughly 
mingle. The cwitro fthaft may also consist of 
an Archimedean screw or of a truncated hollow 



Fig. 3. 


cone. Air agitation is not advisable on account 
of the loss of benzol which it is apt to cause. 

If the fraction is of fairly good quality and 
has been properly separated frogi the crude 
benzol or light oils, the amount of acid required 
need not be more than one-twentieth of its 
weight. In some cases, however, where the 
impurities are difficult to remove, more must 
be used, and the operation repeated. After 
the acid has been run off, a washing with enough 
soda solution to neutralise excess of acid and 
remove traces of phenols follows, and the frac- 
tion is then ready for a second rectification. 

Jf crude naphtha has been used to charge 
the still, it will have yielded, inter aha, 60 p.c. or 
90 p.o. benzol according to requirem^its. On 
redistillation, 100 parts of the former should 
yield 45-48 parts of pure benzene, and from 
100 parts of the latter 70 parts of pure benzene 
ekould bo obtained. 

When re-reotificd, the benzene and toluene 
should each distil constantly within 0-6® and 
1*0® respectively, and the xylene within 2®. 

The treatment for obtaining toluene is exactly 
the same as that described for benzene, the 
toluene following the benzene from the crude 
benzol still and being subsequently re-rectified. 
Toluene is also accompanied by the correspond- 
ing thiophen (thiotolen), and requires very 
careful and thorough washing with sulphuric 
acid, or it cannot be properly nitrated. 

After the separatiofl of the toluene, more or 
less crude xylene is obtained, and the residue 
in the still is then cooled and run out. When 
good crude benzol has been worked, Jbhe residue 
oontainB a very large quantity of naphthalene. 


which separates from it whmi cold, and is known 
In the works as ' naiffithalene salts.* As it ha% 
all been brought off from the |nr at a low tem- 
perature, ij; is extremely free from higher *boilmg 
substances, and very pure naphthalene can be 
obtained from it with little trouble. Of the 
rest, some 20-30 p.o. consists of phenol, to 
which the same remarks apply. The remaining 
third consists of a mixture of hydrocarbons 
from which some more xylene could no doubt 
be recovered, but the bulk of this ‘ dead oil,’ as 
it is often called, is used for burning. Meta- 
xylene can be prepared from the purified mixed 
xylenes bv agitation with sulphuric acid, as 
described for benzene and toluene, to remove the 
thiophens, when a subsequent treatment with 
its own weight of sulphuric acid converts the 
metaxylene into a sulphonio acid, vhicji after 
separation from the insoluble portion is hydro- 
lysed, and metaxyleno of great purity obtain^. 

lieiizcnc. It IS stated, is formed "by passing 
the vapour of petroleum mixed wdth hydrogen 
througli a tube containing a suitable catalyst — 
iron, copper, zme, nickel, &c. — at a temperature 
between 180° and 300° (Eng. Pat. 17272, 1913 ; 
20470, 1913 ; 2838, 1914). 

Benzene and toluene may be obtained by 
the demcthylation- or ‘ cracking ’ of the higher 
benzenoid hydrocarbons. The optimum •tem- 
peratures for the productiejn of benzene and 
toluene are respectively 800° and 750°, the 
solvent naphtha containing the higher hydro- 
carbons being passed through a heated steel tube 
under a pressure of 11 atmospheres. About 
25 p.c. of the solvent naplitlia is demethylated, 
the percentage yields of benzene and toluene 
at the foregoing temperatures being 15*9 and 
20*0 n^sjiectively (Eglolf and Moore, J. Soo. 
Chem. Ind. 1917, 30, 128 ; Cb T. Morgan, Report 
for 1917, J. Soc. Chem. Ind.). 

Valuation of Commercial ‘ ^ure BenzoV — As 
stated above, the whole should boil within 0*5® 
of the correct boiling-point. It should give no 
crystalline precipitate on 'standing with a few 
drops of phenylhydrazine (test for carbon 
disulphide). When shaken with concentrated 
sulphuric acid the latter shotild be only slightly 
darkened (thiophen or aliphatic hydrocarbons). 
On shaking with sulphuric acid and a trace of 
isatin, no blue colouration should be produced 
(thiophen). On treatment with a mixture of 
nitric and sulphuric acids, and subsequent dis- 
tillation in a current of steam, no unnitrated 
hydrocarbons should be obtained (aliphatic 
hydrocarbons). Lastly, it should solidify when 
cooled below 0°. 

Pure toluene of commerce should not impart 
any colouration to sulphuric acid when shaken 
with it. On shaking 90 c.c. of toluene with 
10 c.c. of nitric acid (sp.gr. 1*44) in a stoppered 
bottle, the acid should assume only a red colour, 
and remain quite clear and bright, not turning 
greenish or blackish. (For much information as 
to the commercial valuation of * benzols,’ see 
Lunge, Coal Tar and Ammonia, 5th ed. 1916; 
and Northall-Laurie, Analyst, 1915, 40, 384 ; 
James, J. Soc. Chem. Ind. 1916, 35,J30i 
Spielmann and Jones, ibid. 911; x917, 36, 489 ; 
Spielmann and Wlieeler, ibid. 396 ; Edwards, 
ibid. 587 ; Wilson and Robei’ts, J. Qiis Lighting, 
1916, 134, 225 ; , Barker, J. Roy. Soc. New 
South Wales, I#i6, 50, 99 ; Egloff, Met and 
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Ohem. Eng. 1017, 16, 250; Jonos, J. Boo. i faoture in 1817 from ooal-tar benzene. The 
^em. Ind 1918, 37, 324 ; Weiss, J. Ind. Eng. usual ^ arrangement now adopted for its manu* 
Chem. J018, 10, JOOG.) ’ faoture (^ee Fig. 4) is as follows ; 

Nitration of Benzene, Toluene, eto. — ^Nitro- The nitrating pan has a total capacity of- 

benzene first made its appearance in the arts 1600 gallons, and is capable of treating 600 
under the name of essence de myrhane, manu- gallons or 4420 lbs. of bgnzol in one charge, 
factored in France by Collas. It was used to It is of cast iron, IJ inches thick, the sides, from 
scent soap and as a' bitter- almond flavouring, the lid down to a depth of 3 feet, being J inch 
Mansfield had taken out a patent for its manu- thicker. IMie vertical agitating shaft is sus- 



Fia. 4. 


A, Mixed-acid pan. O, Thermometer. N, Cooimg-water Inlet. T, Nitrobenzene pipe. 

0, CompresBCd-alr pipe. H, Propeller airlfator. 0, Do. do. do. U, CtompresBed-alr pipe. 
0, Sulphuric acid Inlet. J, Lead cooling-coils. P, CompresRcd-alr pipe. V, Wasie-acid pipe. 

D, Nitric acid inlet. K, Supporting grids. Q, Water inlet. W, Pipe to N. B. tank. 

E, Acid-vapour pipe. L, Cooliiig-watef outlet. R, Nitrobenzene washpan. X, Air-pressure egg, 

4F, Nitrobenzene pan. M, do. do. do. 3, Pipe from egg. 


pended from the lid on ball bearings, and carries- 
two propellor agitators. The internal cooling 
pip^s consist of two separate coils of thin lead 
inches diameter, each coil being about 
160 feet long. They are supported on circular 
oazt^jBTon grates or tables, as shown. The coils 
aro'ipAoed out so aa to allow free passage of 
the liquid between them. To dipot the upward 
flow of the liquid, the lower propellor agitator is 


surrounded by a cast-iron cylinder with Iftlge 
perforations at the bottom to admit the descend- 
ing liquid. This serves also as a support lor 
the grates and coils. Fife hundred gallons of 
pure benzol' are first run by gravity into the 
machine. The acid-mixing tank, which stiM^ds 

, J \ Trade J our. 1906, 86, 69. The wrttef is 

indeb^ to Messrs. Davis Bros, for perinkwio& lo 
reproduce the sketch of the apparatus. 
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above, i« charged with 5000 lbs. of nitric acid, 
1*43 sp.gr. or 86®Tw., and 6600 lbs. of sulpnijrio 
acid ot 96 p.c., and these are thoroughly mi^d by 
air agitation, In some factories the acids are 
mixed in the above proportions in large stock 
tanks. The mixed ackl is run in a thin stream 
into the benzol, whUe the agitators arc revolving 
at a speed of about 60 revs, per minute. The 
heat of the reaction is indicated on a long 
thermometer suspended in a metal tube, which 
passes through the lid and dips into the liquid. 
The temperature is kept bcloAv 60® by checking 
the flow of acids if the temperature rises. With 
a good supply of cooling water passing through 
the coils, very little attention is required, and 
the process, which a few years ago was attended 
with danger and frequent loss, is now carried 
on almost automatically. This is principally 
owing to the purity of the benzol employed, and 
the use of internal cooling coils in place of the 
outside water-jacket. 

It is important that the polls should be of 

I mre chemical lead, without flaw, and before 
>eing used, they shoidd be examined minutely. 
Some of these coils have been knoAvn to work 
nearly 4 years continudusly. The vertical 
portions, connecting the cods with the exterior, 
should be protected, as these are quickly 
attacked. This is done by ‘ threading ’ them 
through lead pipes of slightl/ larger diameter, 
and filling up the intervening space with any 
acid-proof cement. After the full charge of 
mixed acids has been run into the machine, 
the agitation is continued for about 4^ hours, 
and tne benzol will then be completely trans- 
formed into nitrobenzol. If a sample is then 
taken while the agitators are running, and 
allowed to settle, the weak sulphuric {called 
waste acid) will contain less than 1 ^.c. of nitric 
acid, and the upper layer of nitrobenzol will 
have a sp.gr. of 1-235. The agitation is then 
stopped, and the contents of the machine 
allowed to settle for 5 hours. The ‘ waste 
acid,* having settled to the bottom, is run off 
into the air-pressure egg below, and blown to 
the sulphuric acid concentrating department to 
be rectified. The nitrobenzol is next run off 
into the air-pressure egg and blown into the 
washing pan above, where it is washed by 
violent air agitation with an equal volume of 
water containing sufficient sodium h^^droxide 
to neutralise any trace of acid left in it. After 
settling a few hours the nitrobenzol settles to 
the bottom, and is run dovn into the air-pressure 
egg, and forced from there into a largo ^ore tank, 
^ioh is set at a high level, so that the contents 
can run by gravity to the aniline machine. 
The wash-water, wliich contains a little nitro- 
benzol in suspension, is run into a series of 
settling tanks, and the oil recovered. Although 
it is possible to work a charge of benzol in each 
machine daily, it is customary to have a duplicate 
set of machines, and to work each machine on 
alternate days. For an output of 160 tons of 
pure aniline oO per month, six nitrobenzol 
machines are required, with their corresponding 
adjuncts, as shown in the figure. The yield of 
nitrobenzol frpm the pure benzol employed is 
Ifiij p.*o. by weight, and this approaches so 
near the theoretical yield, viz. 167-6 jd.c,, that 
there is little room for improvement. It is 
possible slightly to increase this yield by 
Vot. I.-y. 


settling the waste acid for 48 hours in a series, 
of tanks, and skimming off^the nitrobenzol, 
but in pryjtioe it has not been found V) pay 
for the trouble, especially if the previous separa- 
tion be carefully watched.' Several plants 
have been proposed for the continuous process 
of nitration of benzene, the hydrocarbon and 
nitrating acid being led into the apparatus at 
certain points and the nitrobenzene emerging 
at another (see Cam, The Manufacture of 
Intermediate Products for Dyes, Macmillan, 
1918). 

For a oryo8co])ic metliod of determining 
nitrobenzene in commercial nilrobcnzenes, see 
Simpson an:l Jones, J. Soc. Chem. Ind. 1919, 

38, 325; Analyst, 1919, .379. 

When the nitrobenzol is to be s^ld as 
‘ myrbane,’ it is distilled under diminished 
pressure in order to obtain a perfectly clear aq^ 
transparent liquid such as the users of myrbane 
demand. It is customary to use toluene im- 
perfectly freed from benzene for this purpose, 
that article being cheaper and yielding a some- 
what more fragrant myrbane than benzene alone. 

The treatment adopted with toluene and 
xylene is in all essential particulars the same as 
with benzene. In -the former case, however, if 
the nitrotoluene is not employed direct,® the 
product is separated into p- and o-nitrotoluene 
by fractional distillation under diminished pres- 
sure through a 8avalle colnron. The distillation 
is stopped when 40 p.c. has distilled, and the 
distillate on rodistillation gives nearly pure 
o-nitrotoluene (b.p. 233®). The residue on 
cooling deposits crystals of p-nitrotoluene 
(b.p. 238® ; m.p. 54®), which are freed from 
oil by centrifugating. 

(For the estimation of o- and p-nitrotoluene, 
see Roverdin and De la Harpe, Bull. Soc. ohim. 
1888, (ii.) 60, 44; Glasmann, Ber. 1903, 36, 4260 ; 
Chom. Zoit. 1904, 28, 187 ; HoUeman, Proc. K. 
Akad. Amsterdam, 1904, 7, 395 ; Rec. trav. 
chim.^908, 27, 458.) 

Dmiirolenzene and dinitrotoluene are obtained 
by treating a charge of the hydrocarbon with 
double the proportion of th(® mixed acids, the 
operation being carried out in two stages, and 
the second charge of acids run in directly after 
the first. The cooling water is shut off and the 
temperature allowed to rise rapidly. Or nitro- 
benzol already manufactured may be taken 
and again treated with the necessary acid. 

The product of the reaction is separated from 
I the acid as usual, and then thoroughly washed 
with cold, and lastly with hot, water. As 
dinitrobenzene is sensibly soluble in the latter, 
the hot wash -water had better always be pre- 
served and used for first washing a subsequent 
batch. Finally, it is allowed to settle, and, 
while still warm, run out into iron trays, in 
which it solidifies in masses 2 to 4 inches thick. 
The principal product of the reaction is meta« 

^ Benzene may also be nitrated by using sodium 
nitrate Instead of nitric acid. For example: 85 kilos, 
of benzene and 115 kilos, of sodium nitrate are mixed 
at 60®-80®, and 150 kilos, of 90-96 p.c. Bulphurlo^d 
added slowly. The temperature lises to about iDO®,* 
when 65 kUos. of benzene are added, and when the 
nitration Is complete the lower layer of bisulphate Is 
drawn off. The yield is stated to be 160-154 kilos, of 
wiwhed nitrobenzene, sp.gr. 1*18 at 15*, or 148 kilos, of 
the pure suhstanceDioillng at 96* under a pressure 
of iS mm. (Sacchann-fabrlk. Akt.-Ges. vorm. Fahl- 
berg, List & Co, D, R. P. ^21787 ; F. P. 401679). 
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cdinitrobenzene, m.p. 89*8°, but orthodi* 
nitroJ)enzene,cm.p. 118®, and paradinitro- 
benzene, m.p. 172^ are also proauc^, the m.p. 
of the commercial product being about 86®-87®. 
It should not contain any nitrobenzene, and 
should be well crystallised, hard, and almost 
odourless, and should not render paper greasy. 

Dinitmtolmne is prepared by a process 
similar to the above, and, since ortho- and 
para nitrotoluene yield, when nitrated at a high 
temperature, most of the 2 : 4-dinitrotoluene, 
it is better to' proceed straight on from the 
toluene.^ 

The subsequent treatment is the same as 
when dinitrobenzenc is manufactured. Com 
mercial dinitro toluene consists mainly of the 
last-n^med and the 2 : G- modifications, but 
always contains small quantities of the other 
ifomeridcs. The 2 : fi- only occurs in small pro- 
portion, and mainly in the oily drainings from 
the crude product. The nitiation of tlie jiure 
metaxylerie docs not differ from the processes 
already described. 

To obtain the more highly nitrated deriva- 
tives nitrosyl sulphate may be employed, m- 
Dinitrohenzem (1 part) is slowly Ireated with 
nitrosyl sulphate (2 parts) until dissolved, when 
nitric acid (2 parts) is added and the mixture 
maintained at 100°-120° until s-trinilrobenzcnc 
is produced (Heinemann, Eng. Pat. 102216 of 
1915). 

TrUdtrotolnene. There are six possible 
isomerides of this compound, viz. : — 


m.p. 


a or 2.4.6 trinitrotoluene. 

, 80-8 

fi or 2.3.4 

. 112 

7 or 2.4.5 ., 

. I04‘ 

S or 3.4.5 

. 137r.‘ 

c or 2.3.5 „ 

. 97-2' 

C or 2.3.6 ,, 

. 70*5‘ 


All of them are of practically equal value 
as explosives, but the best-known is the o- 
compound, the product known as T.N.T., or 
trotyl or trilite. The other isomerides in the 
commercial product are derived from w-nitro- 
toluene, which is present in the ordinary mono- 
nitrotoluene to the extent of 4-5 p.c. The 
various trinitrotoluenes give different coloura- 
tions with acetone and ammonia, viz. a, deep 
fed ; fi, greenish-yellow ; 7 , blue ; orange- 
sed ; and e, rose-red. 

In the manufacture of a-triiiitrotoluene 
(T.N.T.), mononitrotoluene is first prepared by 
using the waste acid resulting from the manu- 
facturing process. The nitration is carried out 
in a jacketed apparatus provided with rotating 
arms. The toluene is run -into the apparatus, 
and whilst it is kept agitated, the waste acid 
and fresh nitric acid are added. The tempera- 
ture is kept below 30®. After setting for six 
. hours the mononitrotoluene is separated from 
the waste acid. To the latter fuming sulphuric 
acid and nitric acid are added. This fresh 
mixture is added to the mononitrotoluene in 
the agitating vessel, and kept in continuous 
crUaotion for six hours at a temperature of 90®. 
The steam is then shut off in the jacket, agita- 
tion ia discontinued, and cold water and finally 

* For a detailed description of the manufacture, see 
Kayaer, Zaltsch. Farb, Ind. 1903, 2, 16, 81. Of. Kldo- 
korp, J. Ohem. Ind. Tokyo, 191f, 20, 460; J. Soc. 
Chem, Ind. 1917, 86 1065. 


a refrigerated liquid at 2 ® are passed round the 
jacket. The dinitrotoluene is thus crystallised 
out la the mixing vessel, and the waste acid 
can be run off. Tbe latter is revivified by the 
addition of fuming sulphurio acid, and this 
fresh mixture is added to the dinitrotoluene. 
After warming and agitating nitric acid is 
added and the temperature raised very gradually 
to 92®. After heating for twenty hours the 
whole of the contents of the vessel is run into 
cooling tanks, where the trinitrotoluene is 
allowed to crystallise out slowly, during some 
four to five days. The waste acid is then 
separated and used for the preparation of mono- 
iiitroluene. The trinitrotoluene is washed with 
water, ground under edge runners, and finally 
washed in an alkali solution. It is then dis- 
solved in acetone, and sodium carbonate is 
added. The solution is heated in a steam- 
jacketed vessel for four hours, after which the 
acetone is distilled off and condensed, and the 
molten trinitrotoluene is run into cooling 
vessels to crystallise out. The -crystals are 
thoroughly washed with water, dissolved in 
hot 96 p.c. alcohol, the solution filtered and 
allowed to crystallise (\'a 8 qucz, Z. ges. Sohiess- u. 
Sprengstoffw. 1911, 6 , 301 ; J. Soc. Chem. 
Ind. 1911, 30, 1046). 

Langenscheidt (Z. ges. Schiess- u. Spreng- 
stoffw. 1912, 7, ^*25) describes the process as 
follows : 

A mixed acid (1400 kilos), consisting of 
equal quantities of sulphuric acid and nitric 
acid (94-95 p.c.), is allowed to flow slowly into 
a cast-iron vessel containing a solution of 
orthonitrotolueiie (500 kilos) in sulphuric acid 
(1400 kilos of 100 p.e. acid) which has been 
warmed to 60°-70 . This vessel is steam- 
jaeketed, and has also water- cooling coils, and 
a screw agitator, which runs at about 182 revolu- 
tions per minute. At the commencement the 
temperature of the mixture is prevented from 
rising by means of the water coils until the 
whole of the or thonitro toluene is converted into 
dinitrotoluene. Steam is now passed through 
the jacket to start the conversion of the dini- 
trotoluene into trinitrotoluene, and the tempera- 
ture is not allowed to rise above 150®. When 
nitration is complete, the temperature is main- 
tained at this point for one hour. It is then 
allowed to fall to 100 ®, and 200 litres of water 
are added in order to increase the yield. The 
molten trinitrotoluene is separated from the 
acid and washed until neutral. This product 
has a m.p. of 72°-74®, and is used in the ammo- 
nium nitrate class of explosives. To produce 
the trinitrotoluene of higher m.p. (81®-82®), 
which is used for filling shells, the lower melting 
product (500 kilos) is dissolved in 2300 litresm 
a mixture of 90 p.c. alcohol containing 6-10 
p.c. of benzene, and, after filtering, the solution 
is crystallised in a water- jacketed enamelled 
pan. By evaporating the mother liquor to 
one-third of its bulk, a quantity of broumiah* 
coloured crystals are obtained, which are used 
in the ammonium nitrate class of explosivea, 
wliilst, on further evaporation, a dark-brown 
or red liquid (16’6-17‘2 p.c, is (Stained, 
which is used in the explosive indust^ for 
gelatinisii^ collodion cotton under Idle 
liquid trinitrotoluene (J. Soo, Chem* Ind. 19l2t 
31, 1147). 
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The chief difficulties in the nitration pj^oess 
afe due to the presence of inorganic impuri^es, 
clilefiy lead and iron salts, derived froi& the 
sulphuric acid and from the action of the 
nitrating acid on the apparatus, and organic 
by-products formed sulphonation, oxidation, 
and reduction. Among the by-products may 
be: (1) Trinitrobenzoio acid or ietranitro- 
methane, owing to oxidation in case of over- 
heating or pressure ; the last-named may be 
recognised by its intense odour ; metallic salts 
may act as catalysts in promoting oxidation. 
(2) Phenolic compounds, such as cresols, formed 
by the reduction of the nitro- compounds by 
hydrogen produced by the action of the nitrating 
acid on the apparatus, the amino- compounds 
being then converted into diazo- and hydroxy- 
compounds ; in presence of metallic salts, 
highly explosive salts of nitro-cresols may be 
formed. (3) Sulphonic acids owing to too low 
a concentration of nitric acid. obtain good 
results the following conditions shoulcj be 
observed; The amount of nitric acid used 
should exceed the theoretical quantity by at 
least J mol. (2) The degree of nitration should 
bo controlled by the concentration of nitrating 
acid, temperature, and duration of reaction 
rather than by the actual quantity of nitric 
acid used. (3) The reaction ju’oduct should be 
separated from the spent acid as quickly as 
possible. (4) The action of the nitrating acid 
on the apparatus siiould be reduced toa minimum 
by suitable choice of material and concentration 
of acid (Copisarow). 

The following bibliography has been com- 
piled by Copisarow (J. 8oc. Chem. Ind. 1915, 
34, 1169):— 

Wilbrand, Annalen, 1863, 128, 178 ; Hepp, 
Annalen, 1882, 216, 366 ; Stad^l, Amialen, 
1890, 259, 208 ; Hdussermann, J. Soc. Chem 
Ind. 1891, 1028 ; 1892, 235 ; Bichel, Fr. Pats. 
357, 926, 3691371, 1906; J. Soc. Chem Ind. 
1906, 136; 1907, 115; Rudeloff, J. Soc. Chem. 
Ind. 1907, 67 ; Esoales, Z. ges. Schiess- u, 
Sprengstoffw. 1908, 3, 21 ; Nobel & Co., 
D. R, P. 212169; J. Soc Chem, Ind. 1909, 
1065 ; Van den Arend, Kec. trav. chim. 1909, 
28, 408; Vender, Eng. Pat. 18281, 1909; J. 
Soo. Chem. Ind 1910, 265 ; Comey, J. Ind. 
Eng. Chem. 1910, 2, 103 ; Vasquez, J. Soc. 
Chem. Ind. 1911, 1046 ; Verola, J. So% Cliem. 
Ihd, 1912, 162 ; Dautriche, J. Soc. Chem. Ind. 

1912, 163; Nobel & Co., Fr. Pat. 432981 ; 
J. Soo. Chem. Ind. 1912, 163; Langenscheidt, 
JaSoo. Chem. Ind. 1912, 1147 ; Block, Zeitsch. 
physikal. Chem. 1912, 78, 385; Nobel & Co., 
D. R. P. 264503; J. Soc. Chem. Ind. 1913, 
1088; Kast, Z. ges. Schiess- u. Sprengstoffw. 

1913, 8, 65, 88, 156, 172; Will, J. Soc Chem. 
Ind. 1914, 376 ; Molinari and Giua, J. Soc. 
Chem. Ind 1914, 686 ; Giua, J. Soc. Chem. 
Ind. 1914, 687 ; Koemer and Contardi, Atti. 
R. Acoad. Lincei, 1914, 23, ii. 464 ; Holleman, 
Rec. trav. chim. 1914, 33, 1 ; Rintoul, J. Soo. 
Chem. Ind. 1916, 60 • Oberschlesische A. G. f. 
Fftbrik. von Lignose, D. R. P. 277325 ; J. Soc. 
Chem. Ind. 1915, 199 ; McHutchison and 
Wright. J. S(^. Chem. Ind 1915. 781 ; Gina, 
J. Soe. Chem, Ind. 1915, 827, 984; Craig and 
otben, Eng. Pat. 23181, 1911; J. S|^. Chem. 
likd. 1915, 985 ; -Koemer and Contarm, J. Soo. 
Cffaem. Ind 1915, 1046; Soo. Ital Prod 


Esplodenti, Eng. Pat. 19566, 1914; J. Soo# 
Chem. lad. 191 6, 1118; Marshall, ExplpSSves: 
Their History, Properties, and Manufacture, 1915. 

For mode of inspection and testing of com- 
mercial trinitrotoluene, see Stevens, J. Ind. 
Eng. Chem. 1917, 9, 801 ; J. Soo. Chem. Ind. 
1917, 36, 1029. J. C. C. 

BENZENEAZOSALICYLIC ACID ft obtained 
by diazotising a cooled mixture of aniline and 
hydrochloric acid M'ith sodium nitrite, and 
adding the diazonium chloride to an aqueous 
solution of sodium salicylate when the yellow 
sodium salt of the azo- compound is formed 
(Fischer and Schaar-Rosenberg, Ber. 1899, 
32, 81). 

BENZENE DIAZONIUM SALTS u. Duzo 

COMVOUNDS. • < 

BENZENE SULPHONIC ACIDS. 

Benzene sulphonic acid {phenyl sulphuroms 
acid, sidphobenzoltc acid) CjHj'SOjH may be 
prepared by shaking benzene with fuming 
sulphuric acid, or by passing benzene vapour 
into heated sulphuric acid ; by oxidising benzene 
sulphinic acid ; by boiling p-diazobenzene 
sulphonic acid with alcohol. 

On the large scale it is made as an inter- 
mediate product for the manufacture of pl^enol 
by sulphonating benzene in a closed cast-iron 
steam- jacketed pan fitted with a helical stirrer. 
For details of the various methods of carrying 
out this operation, see Cain’s Intermemate 
Products for Dyes, Macmillan and Co., 1918. 
The free acid is best obtained by decomposing 
the lead or barium salt with sulphuric acid. 
Forms small deliquescent plates containing 
4 mols. HjO. 

Benzene -m-disulphonic acid C0H|(SO3H)|. 
Obtained by the further action of sulphuric 
acid upon benzene, or on the preceding oom- 

E ound, at a temperature of# 240°-250‘’. At 
igher temperatures, or under the influence of 
catalysts (mercury, ferrous sulphate), the p- 
isomeride is formed in addition. Lamberts 
(D. R. P. 113784) employs as sulphonating 
agent sodim hydrogen disulphate NaH,(S04)| 
(obtained by heating acid sodium sulphate 
with sulphuric acid). This is mixed with benzene 
and heated to 200°, treated with milk of lime, 
and the solution of the sodium benzene-m* 
disulphonate filtered off and evaporated. The 
free acid forms very deliquescent crystals 
containing 2^ mols. H.,0. 

Benzene-tn-sulphonic acid CgHjfSOjH)#, pre- 
pared by heating an alkaline salt of the mono- or 
m-disulphonic acid with sulphuric acid until the 
sulphuric acid volatilises. 

BENZIDINE and BENZIDINE REARRANGE- 
MENT V . Diphenyl. 

BENZIDINE AZO- DYES v. Azo- coloubiho 

MATTEEs, andDisAZO- and TsTRAZo-coLOUBiNa 
MATTEBS, 

BENZIDINEDISULPHONIC ACID v. Bi- 

phenyl. 

BENZIDINE PUCE v. Azo- ooloueiuo 

filATTEBS. 

BENZIL V. Ketones. • 

BENZINE, Light petroleum {v. Petroleum). 
BENZINOFORM. Syn. for carbon tetra 
chloride (g.v.). • 

BENZO-AURDfE, -BLACK BLUE, -BLUE, 
•BROWNS, FAST PINK, -FAST SCARLETS, 
-INDIGO BLUE, -GRET, -OLIVE, -ORANGE, 
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‘.PURPUaiNS, -RED BLUE, VIOLET v. Azo- 

OOLdUFIlfO MATltSKS. ** 

BENZOFLAVINE v. Acbidine dvestuffs. 
BENZOIC ACID C^H.OaOr CeHj-COjH. {Acide 
benz&iqiie, Fr. ; Benzo^otturf,, Ger.) Acidvm 
henzoicum. Blaise de Vigen^re, in his Traite du 
feu et du sel, published in 1008, described the 
preparatidh of benzoic acid by sublimation from 
gum benzoin. Lemcry, in 1675, called attention 
to its acid properties ; and Scheele showed, in 
1775, that it could be extracted from gum 
benzoin by boiling the gum with lime, concen- 
trating the solution, and decomposing the salt 
Avith hydrochloric acid. Scheele also, in 1785, 
obtained benzoic acid from cow’s urine ; but it 
was not until 1820 that Liebig showed that the 
substatico contained in the urme, by the decom- 
position of which benzoic acid is formed, is 
ILppuric acid. 

Occurrence. — Benzoic acid occuis in gum 
benzoin, tolu balsam, storax, dragon’s blood, 
and various other natural resinS ; in oil of ber- 
gamot and oil of cinnamon ; in vanilla, calamus 
root, and the ripe fruit of the clove tree; in 
various sweet-srnclbng flowers — thus in the 
flowers of Unona odoratis.'nma, from which the 
perfrime ylang-ylang is prepared ; as hippuric 
acid (and sometimes even, it is asserted, as 
free benzoic acid) in the urine of herbivora ; and 
in castoreum, a viscid, foetid secretion, found in 
pouches situated in the perinroum of the beaver. 

Formation. — By the oxidation of all com- 
pounds which contain the phenyl group united 
to a single lateral chain, such as toluene, benzyl 
chloride, benzyl alcohol, benzaldehydo, cinnamic 
acid, &c. By heating bonzotrichlorido €„ fd^-CClj 
with water. By heating bcuzonitrile C<,Hg*CN 
with acids or alkalis. By boiling hippuric 
acid with hydrochloric acid 
(C.HjO )NH*CH VCO + IT 2 O 

=C,HeO,+NH2*CH2-COJT. 
By passing carbon dioxide into benzene con- 
taining aluminium clilorido 

C,H,+C02=:CeH4-C0,H. 

Preparation. — 1. From gum benzoin. In 
order to obtain the acid from gum benzoin by 
sublimation, the gum, broken up into small 
pieces, is introduced into a flat iron vessel, over 
-me mouth of which filter paper is then pasted. A 
large conical cap of strong paper, exactly fitting 
the iron vessel, is placed over the fitter paiier, 
tied round the rim, and the whole is gently 
heated over a sand-bath at a temperature of 
about 170®. The benzoic acid sublimes through 
the filter paper and collects in colourless crystals 
inside the paper cone, from which it is removed at 
the end of the operation (Mohr, Annalen, 29, 177). 
The yield is about 4 p.c. of the gum employed, 
and from three to four hours are required for 
' the sublimation of a pound of benzoic acid, A 
trace of an aromatic oil from the gum aaneres 
to the crystals, imparting to them a pleasant 
odour of vanilla, and enhancing their value as a 
pharmaceutical preparation. On a raanufactur- 
m^cale a modification of the forecoing labor.' 
tory process is employed, in which the gum lo 
l^ted ii;| a closed vessel and the vapour of the ' 
subliming* acid flows over into a side chamber 
and condenses at a point below the source of 
heat, thus obviating all risk of fusing the sub- 
limate. The gum benzoin is introduced by 
ineans of a metal drawer, which is heated from 


1 bene^^th by gas-jets ; whilst the sublimed acid 
coHeo^ts in a second drawer, and can thus be 
removed at the end of the operation (comp. 
Starting, Arch. Pharm. 231, 342). By other 
methods the yield from gum benzion may be 
increased to 25 p.c. 

Wohler’s method (Annalon, 49, 245) consists 
in dissolving the powdered gum in an equal 
volume of alcohol of 90-95 p.c., adding fuming 
hydrochloric acid to the hot solution until a 
precipitate begins to be formed, and distilling the 
mixture. The distillate contains ethyl benzoate, 
alcohol, and hydrochloric acid. The residue is 
again distilled with water as long as ethyl ben- 
zoate passes over, and the unitea distillates are 
boiled wnth caustic potash to decompose the 
etlivl benzoate. From the solution the benzoic 
acid is precipitated with hydrochloric acid. It 
smells like the sublimed product. 

Scheele’s method of extracting the benzpic 
acid from the gum with slaked lime and water 
[v. supra), may also bo employed. 

2. Fiom urine. The urine of* the cow or 
horse is allowed to putrefy, so as to induce a 
hydrolytic decomposition of the hippuric acid 
into benzoic ajid and glycocoll. Milk of lime is 
then added, the filtered solution is evaporated to, 
a small bulk, and the benzoic acid precipitated 
with hydrochloric, acid. In order to avoid the 
evaporation and the attendant disagreeable 
smell, the excess of lime may bo removed by 

I carbon dioxide, the benzoic acid precipitated by 
the addition of ferric chloride, and the ferric 
benzoate, after separating it by filtration, de- 
composed by hydrochloric acid, The acid thus 
prepared smells of urine, and must not be used 
m medicine. 'I'he smell may, however, bo 
removed or concealed by mixing the acid 
with a smfll quantity of gum benzoin and 
subliming it. 

The fresh urine may also be evaporated to 
one-third of its bulk, filtered, mixed with hydro- 
chloric acid, and allowed to cool. Hippuric acid 
crystallises out, which, by boiling with concen- 
trated hydrochloric acid, is decomposed into 
glycocoll hydrochloride and benzoic acid. 
Benzoic acid may also be prepared by the action 
of ammonia and zinc-dust on gallio acid and 
catechu -tannic acid (Guignet, Compt. rend. 113, 
200 ). 

3. toluene. Most of the benzoic acid 
employed at the present day, and certainly all 
that is employed in the coal-tar colour industry, 
IS manufactured from toluene (v. infra). Toluene 
by oxidation with nitric acid, may be direolily 
converted into benzoic" acid ; but it is better 
to chlorinate it first to benzyl chloride, which is 
more readily attacked by the oxidising agent. 
Lunge and Petri (Ber. 10, 1276) boif benzyl 
chloride (1 part) and dilute nitric acid (3 parts of 
acid of 35®Baume with 2 parts of water) in 
a reflux apparatus until the smell of benzyl 
chloride and benzaldehyde is no longer per- 
ceptible. A. V. Rad (Dmgl. poly, J. 231, ot8). 
however, states that this method is unsuited for 
preparing the acid on a manufacturing scale, and 
prefers to decompose benzotrichloride by heating 
it with water under pressure ; 

C,HjCCl3+2HjO==C,H5-CO,H+3HCl ; 

but it is difficult to prepare pur* benzotri- 
ohloride, and the benzoic acid manufactured by 
this process is always contaminated with ohloro- 
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benzoio acids formed from chlorinated benzo- 
triohlorides. ^ 

Espensohied (D. R. P. 47187) boils ,the 
benzotrichlorid© with milk of lime, or with a 
solution of baustio soda mixed with whiting or 
other insoluble matter, the presence of wWoh 
aids the reaction b/ preventing the/ benzotri- 
chloride from forming a separate layer and also 
by promoting local superheating. 

E. Jacobson (D. R. P. 11494 and 13127)1 
heats benzotrichloride with acetic acid to which 
a little zinc chloride has been added : 
C6H,*CCl3+2CH3‘C02H=C^H5-C02H+2CHa*C0Cl+HCl 
The acetyl chloride is distilled off, the residue 
extracted with sodium carbonate, and tlie 
benzoic acid precipitated with hydrochloric 
acid. j 

P. Schulze (D. R. PP. 82927, 85493) heats | 
benzotrichloride with lime-water in the preseniie 
of some iron powder. In order to avoid the 
formation of chloro-derivatives, the direct 
oxidation of toluene eitlier by nitric acid or by 
manganese ^lioxide and sulpfiuric acid, ha.^ been 
suggested {see D. R. PP. 101222, 107722, 
175295, 210091). 

The Weston (Jhern. Co. and J. Savage (Eng 
Pat. 110348) con veil benzyl chloride into benzyl 
alcohol by boiling with sodium hydroxide solu 
tion or milk of lime, and oxiihsmg the alcohol 
to alkali benzoate by hypofhlonte in presence 
of alkali. 

The benzoio acid required in the coal-tar 
colour industry is obtainecl as a by-product m llie 
manufacture of benzaldehyde by heating beiizil 
chloride with' milk of lime {v. Benzaldehyde), 
a portion of the benzaldehydo being converted 
into calcium benzoate in this process. 

4. From coal-tar oil. Aktiengesellschaft fur 
Theer und Erddl Industrie, Eng. Pat. 78C7 ; 
D. R, P. 109122 ; J. Soc. Chem. Iftd. 1899, 785. 
The carbolic or creosote oil fraction, obtained 
from coal tar, and boiling between 160® and 
240®, contains benzonitrile. The fraction from 
which phenol is obtained is washed wdth dUuto 
soda lye (sp.gr. id) to remove the phenol and 
oresol, and the remaining oil placed in a jacketed 
vessel, provided with an agitator and connected 
with a condenser and receiver. Caustic soda 
lye (sp.gr. 1-4) is added in about twice the 
quantity corresponding to the benzonitrile 
present. The mixture is agitated, and wet 
steam passed in for some hours, at long as 
ammonia is evolved in considerable quantity. 
The receiver then contains the lower boiling 
constituents of the oil, together with a somewhat 
concentrated ammonia solution, whilst the 
contents of the still consist of a lower alkaline 
layer and an upper oily one. The former is 
neutralised with carbonic acid or a mineral acid, 
separated from traces of phenol or resinous 
matters, and the resulting solution of sodium 
benzoate decomposed whi&t hqt by adding an 
excess of acid. On cooling, pure benzoio acid 
separates in white crystals. 

6. From the naphihols and other naphthalene 
derivatives. Basle Chemical Works, J. Soc. 
Chem. Ind. 1901, 113^; D. R. P. 136410; Fr. 
Pat. 313187; Eng. Pat. 18627 ; U.S. Pat. 
702171. {See also Oiem. Zentr. 1903, i. 646, 857, 
1106; D. R. PP. 138790,139966,140999.) By 
heating the naphthols or other Aaphthalene 
derivatives to about 260^ in presenoe of alkali 


with metallic oxides or j^roxides stoh as copper 
or iron oxide, barium, lead or mai^anese per» 
oxide, they yield phthalic and jjenzoio acids, and 
a few intermediate products. The excess of 
alkali is removed by lixiviation with a little 
water ; the acids are then dissolved in water and 
decanted from the reduced oxide. This solution 
is satuij^ted with carbon dioxide and filtered 
from unchanged nnphthol. The *filtrat© is 
decomposed with sulphuric acid and evapo- 
rated, the precipitated acids being purified oy 
distillation. 

6. By the electrolytic oxidation of phenanthrene. 
Farbwerko vorm. Meistor, Lucius and Briining, 
Chem. Zentr. 1904, ii. 71 ; D. R. P. 162063. 

Properties . — It crystallises in lustrous leaflets 
or flat needles of sp.gr. 1-2659 16®/4®, melting at 
121-4*. It boils at 249®, but is volatile ^ven at 
100°, so that it may readily be sublimed ; the 
vapour excites coughing. It may be distil^ 
with steam ; 2 litres of aqueous distillate con- 
tain 1 gram of benzoic acid. 100 parts of water 
dissolve at 

4 - 5 " hf 31 ° 75 ° 

1-823 2 068 4-247 21-931 

(Ullmann, Enzyklop. ii.) ; it is soluble in about 
twice its weight of etlicr and in about its own 
weight of absolute alcohol at ordinary temjiera- 
tures. 

Traces of impurity lower the melting-point 
of benzoio acid very considerably. The impure 
acid is also deposited from its solutions in 
smaller crystals than the pure. 

(For absorption spectra, see Hartley and 
Headley, Chem. Soo. Trans. 1907, 319.) 

Reactions . — ^Whon heated with lime, benzoio 
acid yields benzene and calcium carbonate 
(Mitscherlich). It is very stable towards oxi- 
dising agents ; dilute chromic acid is without 
action on it, but by warmmg it with manganese 
dioxide and sulphuric acid itiis converted into 
formic acid, carbon dioxide, and phthalic acid — 
the latter being formed by the simultaneous 
oxidation of formic and benzoio acids (Oarius, 
Annalen, 148, 72), Sodium amalgam reduces 
benzoio acid in boiling aloiholio solution to 
benzyl alcohol, benzaldehyde, and tetrahydro- 
benzoic acid (Aschan, Ber. 24, 1864, and Annalen, 
271, 231). By electrolytic reduction, benzalde- 
hyde is obtained (Mettler, Ber. 41, 4148), and by 
reduction with hydrogen and platinum, hexa- 
hydrobenzoio acid is the chief product (Will- 
stattor and Mayer, Ber. 41, 1479). When dis- 
tillotl over heated zinc-dust it yields benzalde- 
hvdo (Baeyor, Annalen, 140, 296). Calcium 
benzoate yields on distillation benzophenone 
CeHg-CO-CjHg, together with a small quantity of 
benzene and anthraquinone Ci4Hg0a (Kekul4 
and Franchimont, Ber. 6, 908). Taken inter- 
nally, benzoic acid is excreted in the urine as 
hippuric acid (Wohler). 

When a solution of ferrio chloride which 
has been mixed with sufficient ammonia to turn 
it dark-red is added to a solution of a benzoate, 
a flosh-coloured precipitate of basic ferrio ben- 
zoate (C7H jO ,)3Fe,Fe(OH)3 is formed. This re- 
action is used in the separ^ion of benzoin aoi^ 
and also in separating iron from manganese. 

Uats . — Benzoio acid is used in medicine ; 
but for this purpose only the natfral product^ 
obtained from gufn benzoin by sublimation, is 
suitable. Adulteration with tne artificial acid 
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\ Is hy heating a portion of the acid on ; gen chloiSde, digestang the 

^ ^latjnum wire and nolcQng a porcelain dish I oath /ixx some hours* preolpitatlBig 1die< -Aitsar 
moistened with <pblerogluoolvanilli& bver the with ^ water* and putting by 
flame ; the production of a red colour, due to Mdhyl benzoate C7H503*CH| is a %uid bofflog 
the presence of hydrochloric acid, indicates the at 198*6° (Perkin, Chem. Soc, Trans. 60, lO06f! 
presence of the artificial acid. Artificial benzoic Ethyl benzoate C7H502‘C|jH5, bods at 211*8° 
acid is employed in the manufacture cf aniline (Perkin, lx.). Propyl benzoate 07HjOj*C3H7, 
blue. It has been used as a mordant iil calico* boils at 230*7° (Perkin, l.e.), 
printing. 'Benzoic acid, dissolved in a mixture Benzyl benzoate. This ester forms the 

of 1 part of ether and 20 parts of alcohol, has therapeutically active portion of Peru balsam, 
been recommended for the preservation of and also the larger fraction of the product 
anatomical preparations. It is said to be used formerly known by the name of cmnawtcm, and 
in giving an aroma to tobacco. generally described as consisting chiefly or 

As an antiseptic it is injurious to health, entirely of benzyl cinnamate. Benzyl benzoate 
producing serious disturbance of the metabolic is a colourless oil, boiling at 173° under 9 mm. 
functions, attended with injury to the digestion ! pressure, whilst the benzyl cinnamate is crys- 
(Wiley, U.S. Dept, of Agric., J. 8oc. Clicni. Tnd. talliiie, melting at 37°, and boiling at 21.3°- 
1908, ^4). 214° under 9 mm. pressure. It is stated that 

For its use as an acidimetric standard, .see benzyl benzoate is as efficacious, therapeutically, 
WRjrey, J. Amer. Chem. Hoc. 1012, 34, 1027 ; as the ester obtained direct from Perti balsam, 
Analyst, 1912, 458, whilst it has the advantages that it is free from 

Detection in foodstuffs. — By the production colour and smell, is constant in composition, 
of diaminobonzoic acid (Mohler, Bull. Soc. chim. I and does not caifse the irritation sometimes 
3, 414) ; by the action of the acid on ros.aniline j occasioned by Peru balsam owing to the free 
hydrochloride dissolved in aniline oil, when ' acids present (E. Erdmann, Pharin J. 65, 387). 
aniline blue is formed (i)e Brevans, d. Pharm. j Snhshtutton Derivatives of Benzoic Acid. — 
Chim, 14, 438) ; by convertmg the acid into o~Chlorohenzuic acid Cl-CflH^ COOH melts at 
* salicylic acid with liydrogcn peroxide, and then 140°, and is obtained by the oxidation of o* * 
adding ferric chloride (Jonescu, J. I’harm, Chim. ehlorotolucnc. The chlorine atom in this acid 
29, 523). In butter : By the formation of is very easily replaceable (Ullmann, Annalon, 
ammonium diaminobonzoatc, which gives a 1907, .355, 312). The i/i-acid melts at 160°, 
brownish-red colouration in alkaline solution the p- acid at 243°. Nitration of benzoic acid 
(Halphen, Pharm. J. 28, 201 ; Kobin, Ann. yields mainly the m-acid, the relative propor- 
Chim. anal. 14, 53). Jn fermented beverages lions of the o-, m-, and p-acids formed at 
and milk : As m butter (Robin, Ann. Chim, different temperatures being shown in the 
anal. 14, 53 ; Breustedt, Arch. Pharm. 237, 170). subjoined table (Hollemau, Zcitsch. physikal. 
In meats and fats (Fischer and Cruenert, J. Chem. 31, 79) : 

Soc. Chem. Ind. 28, 849). ^ ^ o. m. p. 

Examination of the commercial product . — ^ ^ ^ ^ 

The artificial benzoic acid of commerce is almost • 18’5 80*2 1*3 

always contaminkted with chlorobenzoic acids +30° . , 22*3 70 -6 1*2 

{v. supra), the presence of which in any con- The o-acid, melting at 144°, is prepared by 
siderable quantity is stated to be detrimental in oxidising o-nitrotoluene With potassium per- 
the aniline blue manufacture. The chlorine manganate, or with manganese dioxide and * 
may be detected by heating the acid with sulphuric acid (I). R. P. 179589). The w-acid, 
metallic sodium, extracting the re^sidue with by the action of sodium nitrate and sulphuric 
water and testing the solution with silver acid on benzoic acid, or by oxidising m-nitro- 
nitrate. The acid should have the proper benzaldchyde with sodium hypochloride (Ba- 
raelting-point, and should dissolve without disebe, Andin u. Soda Fabrik, i). R. B. 211959). 
residue in boiling water. It melts at 140°-141°. The p-acid, melting at 

Salts and esters of benzoic acids. Benzoic 238°, is obtained by the oxidation of p-nitro* 
acid is monobasic. Most of the benzoates are toluene With chromic and sulphuric acids, 
soluble both in water and in alcohol. Potassium Sulphobenzoic acids. The o-acid , 
benzoate C7Hg02K,3H20 : efflorescent laminae. HOOC*CaH4'S08H,3HaO 

Sodium C,H.O,Na,HjO: efflorescent obtained by the oxidation of toluene-o-SDl. 

n^dlea, used for mnfflation m tuberculosis. pi,onjo ^cid, or of tbiosalicylic acid, or by 
Ammontvan benzoate C7H50j(NH4), rhombic diazotising anthraflilic acid and adding sui- 
crystaK^so ured in medicine. Cakimn ben- pi.urous acid. It melte at BS'-er, and m the 
zoote (C7HB02)jCa,3H20, lustrous needles, used anhydrous condition at 134°. Direct sulphona* 
in the preparation of benzophenone. Other tion of benzoic acid yields chiedy the m-ahid. 
hy^atos are knoira. Forms an unstable BBNZOIC ANHYDRIDE (C,H, CO),0. First 
■dialcoholate. Basic feme benzoaie prepared by Geriiardt (Ann. Chiiu. Phys, [31 37. 

(C7HB08)8Fe,Fe(0H)3 299) by the action of benzoyl chloride on sodium 

(v. supra). Mercuric benzoate small white benzoate or on sodium oxalate, or of phosphorus 
odotirless tasteless crystals ; powerful antiseptic ; oxychloride on sodium benzoate : 

^uCcei^ully employed in syphilitic and similar C3H. C02Na+CeH5*C0Cl=(C8H5'C0)20+NaCl; 
diseases (Merckxs Bull. 1890, [6] 33 ; [6] 49 ; 2CeHg*C0a+Na2Ca04 •* 

[7J 78). =(qeH.*C0)80+2NaCl +CO+CO, ; 

, ^he est«4s of benzoic acid are obtained either 4C8Hg’COaNa-f POCl, 
by distilling benzoic acid with the alcohol and , 3=2(C8H8*00}80+Na>P08+3KBCl 

sulpburic acid, or, better, by saturati^ a solu- Preparation . — Pour 100 grams of plu^horas 

tion ol benzoic acid in thp alcohol with hydro* oxychloride over 500 grams of dry sodium hen^ 



#etion by h^itting »t 150 ^ ; remove aodim salte 
wishing the cooled maw with, dilate s^iam 
carbonate, and purify the anhydride b)r die* 
tUlatiom 

Anachiitz (Annalen, 226, 16) heata benzoyl 
chicpde with anhydrous oxalic acid. This 
avoids the formation of metallic salts altogether. 

It may also be prepared by heating Iwnzoyl 
chloride with fused ana powdered sodium nitrite 
for 12 hours; the product is extracted with 
ether and freed from traces of benzoic acid by 
rapidly washing with a very dilute solution of 
sodium carbonate, and finally with distilled 
water; yield 70 p.c. (Minunni and Caberti, 
Gazz. chim. ital. 20, 655). By mixing together 
benzoyl chloride and pyridine and adding water 
after half an hour, pure benzoic anhydride is 
precipitated; yield 80 p.c. (Minunni, Gazz. 
chim. ital. 22, ii. 218). By treating benzoyl 
chloride with sodium carbonate and pyridine ; 
yield quantitatne (Denmger, J. pr. Cheni. 
60, ii. 479). By treating bsnzoyl chloride with 
sodium hyposulphite in the presence or absence 
of pyridine (Buiz and Marx, Bor. 40, 3855) ; by 
treating benzcnesul phonic chloride with sodium 
benzoate (Chem. Fab. von Ileyden, J>. R. 1*. 
123052; Chem. Zentr. 1902, 2, 51S) ; by 
treating benzoic acid or sodium benzoate with 
methylchlorsulpliate (Bad^ Anil, und Sod. 
Fabrik, D. R. P. 14(5690 ; Chem. Zentr. 1904, 
i. 05) ; by treating benzoic acid with acetic 
anhydride in the presence of an indifferent 
solvent such as benzene or xylene (Kaufmann 
and Lutorbacher, Ber. 42, 3483) ; from bonzo* 
trichloride and acetic acid (Behai, Compt. rend. 
148, 648) ; by the action of concentrated 
sulphuric acid on benzutrichlorido ; and by the 
action of sulphury! chloride on a mixture of 
sodium and c alcium benzoates (D^. P. 161882). 

Properties. — Rhombic prisms, sp.gr. 1*1989 
16°/4®, melting at 42°, and boiling at 360° (corr.) 
(Lumsden, Chem, Soc. Trans. 1905,93). Insoluble 
in water ; readily soluble in alcohol and ether. 

Reactions. — Water decomposes it very slowly 
in the cold, more rapidly on boiling, with forma- 
tion of benzoic acid. Towards ammonia, amino- 
and imino- compounds, alcohols and phenols, it 
behaves like benzoyl chloride, replacing by a 
benzoyl- group a hydrogen atom attached to 
nitrogen or oxygen. For this reason it is, like 
benzoyl chloride {q.v.)^ used as a upagent for 
etmino-.^imino, and hydroxyl- groups, and it has 
the advantage over the latter, reagent that no 
hydrochloric acid, a substance which has a very 
prejudicial effect on many organic compounds, 
^ liberated during its action. 

. BEHZOiHOUH V. Balsams. 

BENZOill YELLOW. This compound i« 
obtained by condensing benzoin with gallic acid. 
Benzoin is added to a solution of gallic acid in 
sulphuric acid, kept at a temperature of 0°-5°, 
ani after being stirred during 24 hours, the 
mixture is poured into water, the dye being 
precipitated. It crystallises from a mixture of 
acetic acid and alcohol in yellow needles. Its 
constitution is given as 
-C*P h 

(!!0-(!i,H(OH).)'» [0 • (OH). ; CO= 1 : 2 : 3 i 4] 
(Bad, Anil, Sod, Fab. D. R. P. 96739 j Chem. 


Zentr. 

Auumut Airi» ' 

ATE V. SAthbtic Dbpo5. 

BENZOPHENOIIE (Diphmt^ Ktimt) {v. 

Ketones). 

BEl^-QUINONE. See Quinone, 
BEI^SALIN. Trade name for benzoyl- 
salicylm-acid-methyl ester« used in tl^ treatment 
of articular and muscular rheumatism, neuritis, 
neuralgia, and sciatica. V. Synthetic druos, 
BENZOSOL GUIACOL BENZOATE v. Syk. 

THETIC DRUOS. 

BENZOTRICHLORIDE v. Toluene, Chlor- 

ine DERIVATIVES OF. 

BENZOYL CHLORIDE CbHb COCI. First 
obtained by Liebig and Wohler, by passing 
chlorine into benzaldchydo (Annalen, 3, 262). 
By the action of phosphorus pentachl6ride on 
benzoic acid (Cahours, Ann. Chim. Phys. [3] 23, 
334). • 

Preparation. — ^Benzoic acid is heated with 
slighl.ly more than the molecular proportion of 
phosphorus pentachloride 

CeHo-COOHd-PClg-CflHs-COCl+POCla+HCl 

The resulting benzoyl chloride is freed from the 
phosphorus oxychloride by fractional distillation. • 
Commercial benzoyl chloride is usually con- 
taminated with clilorbenzoylchloride and fre- 
quently with small quantities of benzaldehyde 
(V. Meyer, Ber. 24, 4251, and 25, 209). 

From oxalyl chloride, benzene, and alu- 
minium chloride (Staudinger, Ber. 1908, 3566). 
From benzoic acid or sodium benzoate and 
raethylchlorosulphato (Bad. Anil, und Sod. 
Fabrik, 1>. R. P. 140690 ; Chem. Zentr. 1904, 
i. 65). 

From salts of benzoic acid. By treatment 
with suljihur dioxide and chlorine (Farb. vorm, 
Meister, Lucius and Briiningf D. R. P. 210805 ; 
Chem. Zentr. 1909, 279) ; or^ with sodium chloro- 
sulphonate (D. R. P. 146690) ; or by the action 
of sulphuryl chloride on benzoic acid. 

Properties. — Colourless liquid, with a pungent 
odour, boiling at 199° (Litmsden, Chem. Soc. 
Trans. 19D5, 94) ; 197 2° (corr.) (Perkin„Chem. 
Soc. Trans. 69, 1244). Its vapour attacks the 
eyes, causing a flow of tears. Sp.gr. 1*2122 
20°/4° (Briihl, Annalen, 235, 11). 

Reactions. — Benzoyl chloride reacts with 
water, slowly in the cold, rapidly on heating, 
with formation of benzoic and hydrochloric acids. 
With ammonia it forms benzamide 

CeH6*CO*NH, 

together with ammonium chloride. In like 
manner it reacts with compounds containing 
hydroxyl-, amino-, or imino- groups, introducing 
benzoyl in place of hydrogen, and is therefore 
employed in organic chemistry as a test for the 
presence of those groups in a compound. Thus 
with alcohol "it yields ethyl benzoate ; with 
aniline, benzanilide and dibenzanilide. 

BENZOYL ECGONINE v. Cocaine and ma 

OoOA ALALOIDS. ^ 

BENZOYL FORMIC ACID v. KetonIs. • 
BENZOYL GLYCOCOLL v. Hippubio acid. 
BENZOYL PINK v. Azo- colouring mattbbs. 
BENZOYL SULPHONIC IMIDE and BEN- 
ZOIC SULPHIDE V. Saccharin, 
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BENZYI.AMINE CABBOXYLIC ACIDS. 


BENZYLAMINE CARBOXYUC ACIDS v. 

Amino- acids (aromatic). 

BENZYL BLUE. A dye madsi by the 
Aktieitoesellsohatt fiir AnilmfabrikatJpn, Berlin, 
by substituting three atoms of hydrogen in 
rosaniline by three benzyl- groups. Ii is easily 
soluble in water ; dyes silks, wools, aili cotton 
(Reimanns Farber-Zcit. 1879, 251 ; Ixdustrie- 
Blatter, 3^. 360). ' 

BENZYL CHLORIDE v. Toluene, Chlor- 

INE DERIVATIVES OF. 

BENZYLDIPHENYLAMINE v. Dxpjienyl- 

AMINE. 

BENZYLMORPHINE p. Opium. 
BENZYLPHENYLHYDRAZONES v. Hydra- 

ZONES. 

BERBERINE AND THE BERBERIS ALKA 
LOIDS. Berberine C^oHisOgN is contained m 
various* species of Berbens, especially B. vuUjans 
(Lmn.) (the barberry), which also contains 
bOTbamine (Hesse, Ber. 1880, J9, 

3193), and oxyacanthinc {v. ia//u), m Hydra, 'itifi 
canadensis (Linn.), together witli hydrastine and 
canadine in Copiis Teeta (Wall.), which con- 
tains as much as 8 p.c., and in many other 

J ilants, but not m calurnba root (G'ordin, Arch, 
’harm. 1902, 240, l40). 

Preparation . — The best available material 
fromnvhich to extract b('rbcnn(i is the root of 
Hydrastis canadensis (Jami.) (‘Golden Seal’), 
which contains about 4 p.c. of the alkaloid 
The finely-powdered hydrastis root is exhausted 
with alcohol, the greater part of the alcohol 
removed by distillation, and the alkaloid con- 
verted into sulphate or nitrate by tlie addition 
of sufficient dilute sulphuric acid or intric acid. 
The crude berberine salt which separates is 
collected, dissolved in water, and mixed with 
acetone and sodium hydroxide, when the 
crystalline condensation product, anhydrober- 
berineacetonc, separates (Gaze, Zeit. Naturwiss. 
Halle, 1890, 62, 399). After recrystallisation, 
this product melts at 175° (corr.) (Pyman, Chem: 
Soc. Trans. 1911, 99, 1690) ; it yields with hot 
dilute mineral acids the corresponding berberi- 
nium salts. The free base exists in two isomeric 
fqrms, represented by the partial formula* 
below 


Berberine CioH^ObN oiystal- 
Uses from ether in yellow needles, which melt 
at 1 m°, and are anhydrous. It is insoluble in 
cold Vater, but on warming gradually yields 
a solution of berberinium hyifroxide. It dis- 
solves in acids, giving salts of berberinium 
hydi’oxide. The berbcrmilim salts C2oHi804NX 
(where X is a monobasic acid radical) crystallise 
well, and are of a yellow or red colour. They 
are sparingly soluble in water, especially in the 
presence oi mineral acids or salts. Their 
aqueous solutions are neutral to litmus, optically 
ina(!tive, and have a bitter taste. Berberine is 
not poi.sonous to man, and is used medicinally, 
like preparations of the plants containing it, as 
a tonic. 

Detection and Estimalion , — Chlorine water 
gives with a solution of tlie hydi’oxide a 'bright- 
red colouration even in very dilute solutions. 
For the detection of berberine in plants, see 
Gordin, Arch. Pliarm, 1902, 240, 146. The 
same author recommends for its estimation the 
precipitation of th\^ alkaloid as sulphate from 
its alcoholic solution, tlie decomposition of the 
sulphate by potassium iodide and the titration 
of the sulphuric acid liberated by means of 
xV/40 pota.ssium hydroxide {ihid. 1901, 239, 638). 

Const tluhon . — The main features of the 
con.stitution of berberine were determined by 
Perkin ((fiiem. Soc^ Trans. 1889, 55, 63; 1890, 
57, 992) by a study of its oxidation products, 
and subsequent work by Gadamer (Chem. Zeit. 
1902, 26, 291, 385 ; Arch. Pharm. 1905, 243, 
31 ; 1910, 248, 43), Perkin and Robinson (Chem. 
Soc. Trans. 1910, 97, 321), and Tinkler {ih^'d. 
1911, 99, 1340), established the formula given 
below, which has since been confirmed through 
the synthesis of the alkaloid by Pictet and Gams 
(Ber. 1911, 44, 2480). 
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, as the quaternary ammonium hydroxide, 
berberinium liydroxido (I.), which is known 
only in aqueous solution, and as the carbinol- 
amine, berberine (II.), also termed berbermal 
and berberinol. For the nomenclature of 
berberine arid its salts, see Perkin (Chem. Soc. 
Trans. 1918, 113, 503). A solution of berberi- 
nium hydroxide is prepared by adding the 
equivalent quantity of barium hydroxide to 
an aqueous solution of berberinium sulphate, 
ijhi&tftthe addition of an excess of sodium 
l^droxide to this solution affords a precipitate 
of the oarbinolamine, berberine, which is 
extuabted ether, and crystalliws on con- 
centrating the solution (Gadamer, Aroh. Pharm. 
1905,243, 31). 


Attention may be drawn to the similarity 
between tlie formula of berberine and that of 
hydrastine which occurs with it in Hydrastis 
canadensU\ (Lmn.). 

Oxycanthine CiBHajOsN accompanies ber- 
berinc in Berber is vulgaris (Linn.) (Polex, Arch. 
Pharm. 1830, [ii.) 6, 271; Hesse, Ber. 1886, 
19, 3190; Rudei, Arch. Pharm. 1891, 229* 
631), and may bo isolated from the mother-liquor 
from which all the berberine salt has crystallised 
by precipitation with sodium carbonate. It 
crystallises with rlifficulty from alcohol or ether, 
m.p. 208°-214° (Hesse), is insoluble in water, 
easily soluble in chloroform, less so in alcohol. 
The alcoholic solution is dextrorotatory, and 
has a bitter taste. It yields crystalline swts 
F. L. P. 

BERENGELITE. A- bituminous resinous 
riineral from San Juan de Berengela, melting 
at 100°, soluble in alcohol and ether. According 
to Dietrich, specimens from Trinidad and Arioa, 
Chile, contained 71-84 C, 9 96 H, and 18-21 of 0 
(Chem. Zentf'. 80, 559). Used for caulking ships. 

BERGAMOT v. Oils, Essential. 
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BERGMANN’S POWDER. An explosive 
composed of 60 parts potassium chlorate, 6 of 
pyrolusite, and 46 of bran, sawdust, or ^am (J. 
37, 1748). 

BERLIN BLACK. A black varnish drying 
with a dead surface, used for coating ironwork. 

BERLIN BLUE* or PRUSSIAN BLUE v. 

Cyanides. 

BERNTHSEN’S VIOLET. Isoihimiinc. 
Amidothiodiphenylimide. Formed by reduc- 
ing /S-dinitrodiphenylaniinesulph oxide and oxi- 
dising the leuco- base with ferric cliloride. The 
hydrochloride crystallises m needles. Djcs 
reddish- violet. Isomerio with LaiUh's violet 
(Bemthsen, Amialen, 230, 13.3). 

BERRY WAX v. Waxes. 

BERTHIERINE v. TiiuKiMiriE. 

BERTHIERITE. Iron sulphanlvmonile (v. 
Anti w:>n y), 

BERYL. A mineral consisting of glucinum 
aluminium silicate 01aAl2'^i6l^^i8> crystallising 
in the hexagonal system. The ancient name, 
^■fipvWos, included also somt) other gem-€tones 
of a greenish colour. The crystals are usually 
quite simple in form, with only the hexagonal 
prism and the basal plane ; the habit being 
commonly prismatic and the prism fai-es striated 
vertically. They are usually cloudy nr opaque, 
with a pale-greenish or yellowish colour and are 
often of considerable size, (rystals weighing as 
much as one or two tons having been found at 
Acworth 111 N.<'W Hampshire. The sji.gr. is 
2’63-2*80, and the hardness 7^-8. The material 
is not attacked by acids, except hydrofluoiic ; 
and before the blowpipe is fusible only with 
difficulty on the edges. 

Crystals of a different type arc found in asso- 
ciation with lithia minerals (Icjiidobte and rubel- 
lite) in pegmatites in the Urals, Clalifornia, and 
Madagascar. These are tabular fn habit and 
rose-red or colourless. Further, they differ 
chemically in containing small amounts of 
alkalis (CsaO 3‘1. U^O 1-4 p.c,). V. Vernadsky 
(1908) expresses the comjiosition by the for- 
mula icGlAlaSi^Oia.i/A, wJiere A is GlH2Si()4, 
Gl«i03(?), CsgSiOg, LigSiO.,, or NajSiOg ; and 
for the ca-sium- bearing variety he proposes the 
name vorobyevite. 

Being by far the most abundant of glucinum 
minerals, beryl is employed for the preparation 
of the little-used salts of glucinum. Tt finds 
more extensive application in jewelllty. The 
clear grass-green variety is the emerald, one of 
the most valuable of gems on«€kcoount of the 
rarity of flawless material. Gem-stones of a 
greenish, bluish, ot sea-green colour are known 
as aqtiamarine. I’ink beryl of gem quality has 
been called morganite, and a golden beryl from 
South-West Africa is given the name heliodor. 
For a fuller description of material of gem 
quality and its occurrences, see M. Bauer, 
Precious Stones, transl. by L. J. Spencer, 
London, 1904. On the gem beryls from 
Madagascar, see A. Lacroix, Mineralogie dc 
la France, 1910, 1913. L. J. S. 

BERYLLIUM v. Glucinum. 

BERZELIANITE. Native copper selenido 
CugSe, occurring in a black powdery form in 
caloite at Skrikerum in Sweden and at Lehrbach 
in Harz. Named after the Swedish chemist 
J. J. Berzelius (1779 >1848), who first Jnalysed it. 

L. J. S. 
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BERZELTTE. Arsenate of calcium, manga- 
nese, and magnesium (Ca,Mn,Mg)3A820g, occu#- 
ring as Small yellow cubic crjfctms, and as com- 
pact masses, with ores of iron and manganese 
at Lnghan in Wermland, Sweden. Also 
named tftor J. J. Berzelius. Other forms of the 
same nJme, berzelino and berzelite, have been 
appliedfco these, as well as to some other minerals. 

'L. J. S. 

BESSEMER STEEL v. Iron. 

BETAFITE. The betafite group of minerals, 
recognised by A, Lacroix in 1912 in the pegma- 
tites of Madagascar, includes betafite, samiresite, 
and blomstrandite (of G. Lindstrom, 1874). 
They are titano- coin m bates (and tantalates) of 
uranium, &c., crystallising in the cubic system, 
and closely allied to pyrochloro and hatchettolite. 
l^rom tho former they differ in containing only 
little lime and raro-eartlis and an absence of 
alkalis and fluorine ; and from the latter^in 
containing titanium. Betafite is a hydrated 
titano-columbato of uranium (UO3 20-28 p.c,). 
Hharply developed octahedral crystals with the 
edges truncated by faces of the rhombic- 
dodocahedron have been found in considerable 
numbers at Ambolotara near Betafo, and other 
localities in Madagascar. 'I’hey reach an inch 
in diameter, and show a dull yellow weathered 
surface, buJb in the iiiienor the material is 
brownish-black with a bright greasy lustre. 
8p.gr. 3‘60-4*47r> depending on the degree of 
hydration. Samiresite, a titano-columbate of 
uranium (UO3 21 p.c.) and lead, is from Samiresy 
near Aiitsirabe. In blomstrandite a part of 
the columbiuiii is replaced by tantalum. (A. 
Lacroix, Mme'ralogie de la France ct do ses 
colonies, 1913, vol. v.) L. J. S. 

BETAINE may be 

regarded as the internal anhydride of the 
acid (CH3)3N(OH)-Cn2-COOH derived from 
acetic acid by the replacement of one atom of 
hydrogen by trimotliyl hydroxyammonium, 
It occurs in beets and mangolds (especially 
unripe roots), m cotton seed, in the shoots of 
barley, in wormseed {Artcn*tsia gaUica) and in 
many other plants, often in association with 
choline, from which it may readily be obtained 
by oxidation. For observations on the localisa- 
tion of betaine in plants and its part in the 
nitrogen metabolism, sec StanSk (Zeitsch. 
physiol. Uhem. 1911, 72, 402). Betaine is found 
m tho extracts of muscles from the scallop, 
periwinkle, and lamprey. 

Betaine can be synthesised by the inter- 
action of chloracctic acid and trimethylamine 
(Liebreich, Ber. 1809, 2, 13). It can also be 
obtained by the action of a methyl haloid upon 
methyl dimethylaminoacetate (J. Chem. Soc. 
Abst. 1914, 1, 938). 

Tt can be extracted from beet-root molasses 
by dilution with water, boilmg with baryta, 
filtering, precipitating tlie excess of BaHjO| 
with GO 2, evaporating the liquid to small volume, 
and extracting with alcohol. The alcoholic 
solution is treated with alcoholic zinc chbride, 
the ppt. recrystallised from water and diebom-* 
posed by baryta water. The barium is then 
exactly removed from the filtrate by^^SOi, and 
betaine hydrochloride crystallises on evaporation 
(Liebreich, Ber. 3, 101 ; Friihling and Sohuk, 
Ber. 10, 1070). 
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Urban (Zeiteoh. Zuokerind. Bohra. 1913, 37, 
‘339) gives the following method. The evapo- 
rate onolasses tesiduea are mixed 'with an 
equal volume of concentrated hydrochloric acid. 
After cooling, the alkali chlondeB which have 
separated are removed hy filtration,! and the 
filtrate is evaporated. The volatilev organic 
acids and hydrochloric acid pass amy, and 
humus substances are precipitated. These are 
also filtered off, and the residue further evapo- 
rated to a thick syrup. This is dissolved in 
water, filtered, . decolourised by charcoal, and 
concentrated, when nearly pure betaine hydro- 
chloride separates out (c/. Ehrhch, Ber. 1912, 
45, 2409 ; also Andrlik, Z. Zuckennd, Bohni. 
1916, 39, 387 ; J. Soc. Chem. Ind. 1915, i. 781 ; 
J. Soc. Chem. Ind. 1916, 1004). 

A ^neral method of obtaining betaine from 
plant extracts is to precipitate with lead acetate, 
filler, remove the lead by sulphuretted hydrogen, 
filter, evaporate to dryness, extract residue with 
alcohol, and precipitate with alcoholic mercuric 
chloride. The mercuric double salt is then 
recrystallised, decomposed by sulphuretted 
hydrogen, and the hydrochloride obtained from 
the solution by evaporation. If chohne is also 
present, it can be removed from the mixed 
nydnDchlorides by extraction with cold alcohol, 
leaving the betaine hydrochloride (Schulze, 
Zeitsch. physiol. Chem. 1909, 00, 155). 

Betaine crystallises from alcohol in large 
crystals containing one molecule of water. It 
is deliquescent in air, and loses its water when 
dried over sulphuric acid. Strong sulphuric 
acid has but little action upon it, even at 120° 
(Stanek, Zeit. Zuckerind, Bbhm, 1902, 20, 287). 

It is neutral to litmus, and has a .sweet taste. 
It melts and decomj)Ose8 at 293° (Willstatter, 
Ber. 1902, 35, 584), giving off the smell of tri- 
methylamine and of burnt sugar. The auri- 
chlonde CbHhNDj'HC 1 'AuC 14, forms plates or 
needles which melt at 209° ( Willstatter), or, ac- 
cording to Fischer (Ber. 1902, 35, 1593), at 250°. 
The platinichloride PtCl42(C5H ,,N02,I1C1),4H20 
forms large plates ; after losing its water it 
melts and decomposes at 242° (Willstatter). 

CbHuNOj’HCI is very soluble in water, 
^htly soluble in cold alcohol. CgHiiNOa-HI 
is soluble in water or boiling alcohol, and melts 
at 188°- 190°. A compound with KI crystallises 
as ^C5 H,iN02)j-KI, 21120, m.p. 139° (Korner and 
Menozzi, Gazz. chira. ital. 13, 361), or, if anhy- 
drous, at 228°-229° (Willstatter). 

Stoltzenberg (Zeitsch. physiol. Chem. 1914, 
92, 446) prepared the following compounds of 
betaine ; — 

The hydrofluoride and acid hydrofluoride, 
basic hydrochloride (CBHjiN02)2HCl-HaO, mono- 
clinic prisms, m.p, 260° (decomp.) ; 

HBr, m.p. 233° (decomp.) ; basic hydrobromide 
{C5HiiN03)2HBr, prisms, m.p. 262°; basic 
hydriodide (C6HjiN02)2HI, glittering plates, 
m.p. 242 ° ; basic aurichloride 6C6H„N02. 
4AuCl4‘H,0, yellow crystalline powder, m.p. 
169'’ (aecomp.) ; basic auribroniido SCgHuNOj’ 
4AliBr4, m.p. 185°; auribromide CgHi,N02* 
^AuBr*, darK brown plates, m.p. 260° (decorap.); 
two platinichlorides, one with 4H2O, m.p. 
264°-a66‘» other with SH^'O, m.p. 266°-260^ ; 
a basic platinichloride 6CBHiiN02*4HaPtCl4, 
orange crystals, m.p. 246° (decomp.) ; the 
phosphate, m.p. 199°; the sulphate (CBHiiNOg)j | 


HaSOi, rhombic crystals, m.p. 180° j the 
nitrate, m.p. 124°; the chlcwate, m.p. 115°; 
thef fUchromate, m.p. 226°-227° (decomp.) ; 
and the permanganate, m.p. 120°. The chlorate 
and permanganate explode on percussion or 
rapid heating. 

On heating betaine witfi potassium hydroxide 
at 200°-220°, about one-third of the nitrogen is 
eliminated as triraethylamine, carbon dioxide 
being evolved. The compound in alkaline solu- 
tion gives a hydrochloride CiHjOjNjHCl, m.p. 
187°-180°. The platinochloride forms a yellow 
crystalline mass, m.p. 120°-12r (Albers, Chem.* 
Zcit. 1913, 37, 1533). 

The terra ‘ betaine ’ is now generally used 
for substances containing the group 


with other alliyl- groups than methyl, or other 
acyl- groups than acetyl. 

Thus, dimethyleihiilacetylheiainc or (since 
acetyj is to be understood if no acyl- group is 
mentioned) d i meth ijlelh ylbdaine 

C2H5 ' 

crystallises from alcohol in four-sided plates, ^ 
melting and decomposing at 229”-23l° (Will- 
statter), while tnmdbylhulyrobcVvne 

crystallLses in colourless plates with 3H2O ; in 
the anhydrous state it softens at 130° and 
decoinpo.ses at 222° (Willstatter). 

The betaines are isomeric with the esters 
of amino- acids ; thus, ordinary betaine is 
isomeric with methyl/limethylaminoacetate 
(CH3)2Nff!H2-CO'OCH3, a volatile oily liquid, 
b.p. 136°, Wnile trimethylbutyrobetaine is iso- 
meric with methyl-7-^methylaminobutyrate 
(CH,)2:NCHa-CH2‘CH2COO-CH8, b.p. 171°- 
173°. 

(For betaines of the pyridine series, aec 
Kirpal, Monatsh. 1908, 29, 471). 

According to Schulze and Trior (Zeitsch. 
physiol. Chem. 1910, 67, 46), the three betaines 
which have been isolated from plant tissues are : 
betaine, trigonelline [found m fenugreek by 
Jahns (Ber. 1886, 18, 2518) associated with 
choliuel, and stachydrine, found in the tubers 
of Stach^s tiiberifera and in the leaves of Citrus 
nuranlium (v. 7 ’rigonblline and STAOHYDBiNa). 

Bdtalne CbHuObN {lycine, oxynevrine) occurs 
in sugar-beet and in numerous other plan^. 
Crystalline, m.p. 293° (drv), optically inactive. 
Sweet taste. The hvdrochloriae has been used 
in medicine. It is formed by the oxidation of 
choline and by the action of tritpethylamine 
on chloroacetic acid 

CHjCl COOH+NMeg Cl NMe.-CHj-COOH 
CliioroRcetic Trlmethyl- Bet&ine hydrochloride. 

acid. amlue. 

-> ]sme,-CH,-00-0 

" BeUlne. 

The special anhydride grouping (betiliiie 
grouping) characteristic of betame ocouw ia 
several natural alkaloids, 6,g. trigonelliae. ' 
Naturally ^ occurring betaines of other ammo- 
acids are betohicine, ergothloneine, hypaphorine, 
trimethylhistidine, trigonelline, and staohy* 
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BSTAINfiS. 


drinc. • S€6 Barger, The Simpler Natural Bases, 
chap iii., Longmane, 1914. H. I. 

BETAINES are completely methylated |»ino- 
aoids with , quinquevalent nitrogen. Bases of 
thii type derived from several of the amino- 
acids of protein occpr naturally in plants and 
animals. Betaine par excellence 

(CH,),N<‘^^3>C0 

is the most important and the simplest, being 
trimethylglycine, and later ga^e its name to 
the whole class (for the nomenclature and 
general properties of which, Willstattor, B(‘r. 
1902, 36, 684, and S. Komatsu, Mem. Coll. Sci. 
Kyoto, 1916, 1, 369). Betaine (acetobetaine, oxy- 
neurinei lycine) occurs in Beta vulgaris, the sugar- 
beet, and in all other Chenopodmcece examined, 
sporadically in a number of other plants, in 
mussels, cuttle fish, crayfish, &c. For localisa 
tion and migration of betaine m jdants, .sr< 
Stantk (Zeitsch. pliysiol. Chem. 1911, 72, 402 
and Zeit. Zuckerind, B6h!n. 1916, 40, •300). 
Young sugar beets contain more than older 
ones. Crude boot-sugar may contain 0*376 p.c. 
of betaine (Waller and Phnimer, Proc. Roy. 
Soo. 1903, 72, 345). Q'he only practical natural 
source is the final mother liquor left after 
desaocharification of the molasses by strontium, 
which liquor, with 20 p.c. «f waliu*, may con- 
tain 115 grams of betaine per kilo. The extrac- 
tion of betaine* is apparently best carried out 
by vigorous agitation with 96 p.c. alcohol. 
After evaporation of the alcohol ^tho betaine is 
converted into chloride and s ^+'^talliscd as 
such. Yield of the liquor of pure chloride 
10-12 p.c. of the liquor employed (Ehrlich, 
Ber. 1912, 45, 2409.; D, R. P. 157173; cf. 
Stoltzcnberg, Ber. 1912, 45, 2248; IX R. P. 
^3332 ; and Chem. Zentr. 1914, f 22 ; Urban, 
Zeit. Zuckerind, Bohm. 1913, 37, 339 ; 

Andrlik, ibid. 1915, 39, 387). 

Betaine is also obtained by the oxidation of 
choline (‘ oxyneurine,’ Liebreich, 1869), by the 
methylation "of glycine and, as chloride, by the 
action of trimethylamine on chloracctic acid. 
A synthejsis by heating methyldimothvlamino- 
aoetate with methyl halides and subsequent 
hydrolysis of the betaine ester with acids is 
stated to give a quantitative yield, and has 
been patented (D. R. P. 269338). For 
tije isolation from plant extracts “Schulze) 
and estimation (Stan6k), see the article on 
Choline. ^ 

Betaine crystallises from alcohol in deli- 
quescent crystals, which lose one molecule of 
water at 100°, presumably changing from the 
ammonium hydroxide to the cyclic anhydride. 
It melts at 293° with partial isomerisation to 
methyldimethylaminoacetate (Willstatter, lx.). 
It is a very feeble base, and neutral to htmus. 
The chhride C1(CH,)8N CH./OOOH forms leaflets 
very soluble in water, and peculiar among the 
chlorides of organic bases in bemg hardly 
soluble in alcohol (I part in 366 c.c. at room 
temperatures; separation from choline and 
other bases). This salt has a strongly acid 
reaction and has been used as a solid substitute 
for hydrochloric acid under the name ‘ acidol ’ 
m the preparation of tablets, &o. (c./. acid pepsin 
taMets, l5. R. P. 172862). When pure it is a 
op&TemeiLt standard for alkalimetry. The 


aurichloride OjHuOjN'HAuCl^ is the most 
characteristic derivative, and is dimorphous*, 
regular, •m.p. 209°, and rhofnbio, m.p 248°- 
260° (Fisflher, Ber. 1902, 36, 1693 ; Willstatter, 
ibid. 27()p). The platinichloride 

I (CsHnO^NlaHaPtCle, 

m.p. 2^°, crystallises from hot water in anhy- 
drous nee^es, which in contact with flie aqueous 
mother liquor form four-sided tables with 4HaO 
(Trier, Zeitsch. physiol. Chem. 1913, 86, 372), 
who recommends this as a test for betaine). The 
picrate, m.p. 180°, may also be used for the 
separation from mixtures. A large number of 
other salts have been described by Stoitzenberg 
(Zeitsch. physiol. Chem. 1914, 92, 446). Betaine 
is not a nitrogenous food ; it has no appreciable 
action on annuals, and the part played 4)y it in 
plant economy is obscure. 

Other betaines occurring naturally, ai% : 
Slachydrine 

CH,— CH^(t'Ha), 

2 

the betaine of a-pyrrolidmo carboxylic acid 
(proline) was discovered in tlie edible tubers of 
Star h if s tub if cm (Von 1 Manta, Ber. 189(1| 23, 
1699), and occurs in a few other plants. Accord- 
ing to Yoshimura and Trier (Zeitsch. physiol. 
Chem. 1912, 77, 290), the alkaloid chrysanthe- 
mine described by Marmo-Zuco as occurring in 
Dalmatian insect powder {Chi ijsanthemum cine- 
rariaefoUum) is a mixture of stachydrine and 
choline. Stachydrine has been obtained synthe- 
tically by methylating prolino (Engeland, Ber. 

1909, 42, 2962), and from the methyl ester of 
liygric acid (Trier, Zeitsch. physiol. Chem. 

1910, 67, 324). 

Betoniane 



is dextro rotatory oxyprolino jiotaine and turicine 
its stereoisomer. Both occur in Betonica 
officinalis and have been obtained by methylating 
natural oxyprolino (Kiing, Zeitsch. physiol. 
Chem. 1913, 85,217), and natural 4-hydrohygric 
acid (Goodson and Clewer, Trans. Chem. Soc. 
1919, 116, 923). 

Trimethylhistidine 

CH (CH3)3N— 0 
C— CHj— ifl— do 

the betaine of histidine, has been obtained 
from fungi (Kutscher, Zentralbl. f. Physiol. 
1910, 24, 775 ; Reuter, Zeitsch. physiol. Chem. 
1912, 78, 167), and by the oxidation of ergothio- 
neine (Barger and Ewins, Biochem. J. 1913, 7, 
204). The latter base contains an additional 
sulphur atom in the glyoxaline ring and occurs 
in ergot {q.v.). 

Hypaphorine 

V\/^(CH,),N— 6, . 

the betaine of tryptophane, occurs in the seeds 
of Erythrina Hypaf^orui of Java (OreBltofi, 
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Mededeeli^en uit’a Lands Plantentuin, 1898). 
For constitution and synthesis, Van Rom- 
burgh and Bargei^ Chem. Soc. Trans. 1*911, 99, 
2068. *' 


All the above are derived from 
acids. The next three are not. Trigi 
GH 


' CHjj "^C-GO 
(CH,)N— 0 

the betaine of nicotinic acid, has boon found in 
quite a number of plants, but generally only in 
very small amount. It prob^ably occurs in 
many more species. It was discovered m the 
fenugreek {Trigondki fcsnmn grevemn) by Jahns 
(Ber. 1^85, 18, 2518), who later showed it to be 
identical with the ‘ methylbetain ’ of nicotinic 
a(Yd, already synthesised by Hantzsch (Ber. 
1886, 19, 3140). 

y-Buiyrobeiaine 

(CH3)8 : 

was obtained by I’akeda (Pfluger’s Archiv, 
1910, 133, 365) from dog’s urine after phos- 
phorus poisoning (whicli interferes "with the 
deammating action of the liver). It is almost 
certainly identical with one, if not with three, 
of Brieger’s putrefaction bases (Untcrsuch. 
liber Ptomaine, i. p. 27, Berlin, 1886), and was 
first synthesised by Wdlstatter (Ber. 1902, 35, 
684). 

Cartiihrie, a-hydroxy-y-butyrobetaine 
(CH,), : 

is a hydroxy derivative of the foregoing, and 
was isolated from meat extract (Meld 1.3 p.c.) 
by Gulewitsch and Krimberg (Zeitseh. physiol. 
Chem. 1905, 45, 326), and oy Kutselier (Zeit. 
Unters. Nahr. Glmussm. 1905, 10, 528 ; ‘ no- 
vain ’). According to the latter, it is identical 
with a base C7HJ gOgN, isolated from humanurme 
by Bombrowski (Gonipt, rend. 1902, 136, 244). 
Heating with baryta yields tnmethylamine and 
crotonic acid ; phosphorus and hydriodic acid 
reduce to 7-butyrobetaine. Racemic carnitine 
was probably synthesised by Fischer and 
Goddertz. (Ber. 1910, 43, 3272). The small 
differences from natural carnitine were probably 
connected with the optical activity of the latter 
substance. 

Myokynine^ isolated by Ackermunn (Zeil. 
Biol. 1912, 69, 433) from the muscles of horses 
and dogs, is probably /-hexamethyl-omithine 
(CH 3 )aN( 0 H)’CHa-CH 2 CHa-CH-(C 00 H)-N-(CH 8 ) 301 I 

All the above bases, or at least all the a- 
betaines, are without marked physiological 
activity. 

For a fuller account of betaines scp Barger, 
The Simpler Natural Bases, Longmans, 1914. 

G. B. 

BETEL. A mixture of the leaf of the betel - 


pepper. Piper Beth (Linn.) with the fruit of 
Ate/ca catechu (Linn.) or betel nut and chunam 
(lum^ obtained by calcining shells), universally 
used oy the people of Central and Tropical Asia 
as a masticatory. 

^BfiTEL^UT. The fruit of Areca catechu, 
(Liun.) V. Abboa Nut. 

BETH A BARRA WOOD. A wood im- 
ported from the West Coast of Africa, much 


valued for its tou|(hness and capability of 
receivmg a high polish. The interstices of the 
fibri 8 ji,re filled witn a yellow crystalline substance 
which can be extracted from the sawdust by 
heating with distilled water containing a Bfetle 
sodium carbonate, and precipitating the resulting 
claret-coloured solution wiih acetic acid. It is 
purified by repeated crystallisations from 80 p.c. 
alcohol. By precipitating the red solution with 
hydrochloric acid and washing the resulting 
precipitate with ether, Greene and Hooker 
(Amer, Ghem. J. 11, 267) found the crystals to 
be identical in all respects with lapachic acid. 

If differs from chrysophanic aeid by melting 
at 135° and in not forming a compound with 
alum (iSadtler a. Rowland, Amor. Chem. J. 
1881, 22). (For tables showing the difference in 
the reactions of brasilm, hsematoxylin, santalin, 
and beth-a-barra, v. Amer. Ghem. J. 11, 49, and 
Wagner’s Jahr. 28, 637.) 

BETOL i8-NAPHTHOL SALICYLATE v. 
Synthetic drucs. 

BETONICINE Betaines. 

BETORCIN or ;3-ORCIN A sub- 

stance obtained by the decomposition of bar- 
batic acid, found in the lichen Usnea barbala. 
It is less soluble in water than orcin, and gives a 
deeper crimson colour with hypochlorites. 
Kostanecki has obtained it by the action of 
nitrous acid on m-aimno-/;-xylenol, thus showing 
that it is a diliydroxy-xylcnc (dinicthylresorcinol) 
having the substituting groups in the positions 
GII3, GHj, Oil, ()H=1, 4, 3, 5 (Stenhouso a. 
Groves, Ghdii. iSoc. Trans. 37, 390 ; Lampartie, 
Annalen, Fat 248; Menschutkin, Bull. Soo. 
chim. 2, 428; Kostanecki, Ber. 19, 2321). 

BETULA RESIN v. Resins. 

BETULOL a bicyclic sesquiterpene 

alcohol of the torbene typo found in birch oil, 
B.R 157-°R>8713 mm., r)l®0 9777, 
a^j5~26-6°. Slowly absorbs hydrogen in pre- 
sence of platinum yielding tetrahydrdbetrol, 
b.p. 153°-158714 mm., 0-9415, 1-4908, 

0.8°, and bicyclic teirahydrohetulene C, jHjg, 
bp. 118°-12071J mm., 0^^ 0-8737, 1-4744, 

3°. For other derivatives see Semmler, 
(Jonas and Richter, Bor. 1918, 61, 417). 

BEZETTA. To-uuieml ui drapeaux, Schmink- 
lappehen. Bezelta rubra et cmulea. A dye or 
pigment ^prepared by dipping linen rags in solu- 
tions of certain colouring matters. Red bezetta is 
coloured w ith v .^hmcal, and is used as a cosmetic. 

Blue bezetta [Tourntsol en drapeaux), which 
is cliiefly used for colouring the rind of Dut^i 
cheeses, is prepared at Gallargues, near Nimes, 
ill the depai-tment of Gard, from a euphorbi- 
aceouB plant, Chrozoplma iinctoria (A. Juss.) 
\Croion tivclonas). The fruits and the tops of 
the plants are gathered, and, the juice Doing 
expressed, rags of coarse cloth are dipped into it, 
then dried, and afterwards eimosed to the fumes 
of mules’ or horses’ dung. This last operation 
is called alununadou. The cloths are turned 
from time to time, to ensure uniform colouration 
and prevent any part ffom being exposed too 
long to the fumes of the dung, which would 
turn them yellow. They are then dried a 
second time, again soaked in the juice, mixed 
I this time \tith urine, and lastly exposed for some 
j time to the action of the sun and wiitd, Th^ 
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quantity thus manufactured amounts to about 
60 tons yearly. The blue of bezetta is reddened 
by acids like litmus, though not so quick%,*but 
di%irs from the latter in not being restored by 
alkalis. According to Joly, the same dye may 
be obtained from other euphorbiaocous plants, 
Chrozorphora oblongata {obUgun (A. Juas.)?], 
C. plicata (A. Juss.), Argiihatnnm Iricuepidata 
(MuelL), Mercurialia perennis (Linn.), and AL 
tomentosa (Linn.). The juico exists in all these 
plants in the colourless state, and turns blue only 
on exposure to the air (Handw. d. Chem. 2, [1] 
1030 ; Gerh, Traits, 3, 820). 

BEZOAR. This name, which is derived from 
a Persian word signifying an antidote to poison, 
was given to a concretion found in the stomach 
or intestines of an animal of the goat kind, 
Capra aegragus, which was once very highly 
valued for this imaginary quality, and ha.s thence 
been extended to all concretions found in 
animals. 

According to Taylor (PhJ. Mag. No. ISO, 30, 
and No. 186, 192), bezoars may bo (ftvided 
into nine varieties : 1. Phosphate of calcium, 
which forms concretions in the intestines of many 
mammalia. 2. Phosphate of magnesium ; 
semi-transparent and yellowish, and of sp.gr. 
2‘160. 3. Phosphate of ammonium and mag- 
nesium ; a concretion of a grey or brown colour, 
composed of radiations from a centre. 4. 
Oxalate of calcium. 6. Vegetable fibres. 6. 
Animal hair. 7. Ambergris. 8. Lithofollic 
acid. 9. Ellagic or bozoardic acid. 

Of true bezoars there are three kinds : Oriental, 
Occidental, and German. The true Oriental 
bezoars found in the Capra cegragus, the gazelle 
{Oazella dorcas), and other ruminant animals, 
are spherical or ovat masses, varying from the 
size of a pea t( that of the fist, anjj) composed of 
concentric layers of resinous matter with a 
nucleus of some foreign substance, such as pieces 
of bark or other hard vegetable matter which 
the animal has s\v allowed. They have a shining 
resinous fracture, are destitute of taste and odour, 
nearly insoluble in water and aqueous hydro- 
chloric acid, but soluble for the greater part in 
potash lye. These characters suffice to distin- 
guish the Oriental bezoars from those varieties 
which contain a considerable quantity of in- 
organic matter. There are two kinds of them, 
the one consisting of ellagic, the oth^ of litho- 
fellio acid. The latter have a more waxy lustre 
and greener colour than the former, and aro also 
distinguished by their lowcr^“B{>.gr., viz. 1*1, 
whilst that of the ellagic acid stones is 1*6. They 
contain, besides lithofellio acid, a substance 
resembling the colouring matter of bile, and are 
perhaps biliary calculi. Oriental bezoars are 
greatly prized in Persia and other countries of 
the East for their supposed medical properties. 
The Shah of Persia sent one in 1808 as a present 
to Napoleon. The Occidental bezoars are found 
in the lama {Aitchenia glama) and in A. vicugna. 
They resemble the Oriental in external appear- 
ance, but differ totally in their chemical cha- 
racters, inasmuch as they consist chiefly of cal- 
cium phosphate, with* but little organic matter. 
German bezoars, which are chiefly obtained 
from the chamois or eemsbook {Rupicapra 
trixgua), consist chiefly ot interlaced vegetable 
flbres or animal hairs bound together by a 
leathery coating. 


BICUHYBA FAT. See MYBjsnoA m 

OlOUP. * 

BIDAiY. An Indian alio/ of zinc, aoopper, 
and lea<L*and occasionally tin. Articles of this 
alloy, after being turned in a lathe and engraved, 
are blacJened by immersion in a solution of sal 
ammonjfec, nitre, common salt, and copper sul- 
phate. / Known also as Vidry. 

BIEBRICH ACID RED, PATEnI BLACKS, 
SCARLET PONCEAU v. Azo- coloueing mat- 
ters. 

BIGNONIA TECOMA.i TECOMIN. The 

Bignovm tecoma is a somewhat common tree in 
the uplamLs of Miuas, Brazil, which when fully 
grown 18 about 30 feet high and in September 
is covered with brilliant yellow flowers. The 
natives mix the sawdust and shavings of this 
tree with slaked lime, heat the mass witn water 
and emjiloy the resulting bath to dye cotj^n 
cloth. A paste made of the sawdust mixed with 
lime is also used to stain lighter-coloured woods 
a deep brown. By exhausting the sawdust 
with boiling 85 p.c. alcohol and concentrating 
the extract, Lee (Ohem. Soc. Trans. 1901, 79, 
284) isolated the colouring matter tecomin. 
This, winch has apparently not been submitted 
to analysis, forms shining chrome-yellow crystals 
possessing a nacreous lustre, soluble in tflkalis 
with a rose-red colouration. 

A further quantity of this compound could 
be isolated from the alcoholic filtrate, the total 
amount thus given by the wood being approxi- 
mately 5 p.c. 

The sawdust extracted with alcohol still 
contains a deep brown dye which may now be 
removed from it by alkalis, and by acidification 
this is deposited as an amorphous brown 
powder. Nothing is at present known as 
regards the jglationahip, if such exists, between 
tecomin and the coioiiiing nyitter of chica red 
or carajura, which originates from the Bignonia 
chica. A. G. P. 

BIKHACONITINE i>. Acotinine. 

BILBERRY. Vaccini'U7n Myrtillua (Linn.), 
Kdnig gives as the average* composition of the 
fruit ; 

Free Other carbo- Crude 
Water Troteln acid Sugar hydrates fibre Ash 

78-4 0-8 1*7 6*0 0*9 42*3 1*0 

According to Otto (Bied. Zentr. 1899, 28, 
284), Silesian bilberries contain from 3*6 to 7*0 
p.c. of sugar and acid corresponding to from 
0*9 to 1*6 p.c. of tartaric acid.. He found 
that fermentation of the juice with ordinary 
y.*ast was very slow unless some nitrogenous 
"matter {t.g. ammonium chloride or, Wter, 
asparagine (about 0*6 gram per litre)) were 
added. Bilberries contain a small quantity of a 
wax melting at 71* (Seifert, Landw. Versuchs- 
Stat, 1894, 45, 29). 

The juice of bilberries contains from 4 to 
9*6 ]p.c. of total solids, 0*26 to 0*31 p.o. ash, and 
acidity corresponding to from 16*6 to 19*6 o.o. 
N/1 alkali. The juice contains some substance 
wnioh gives a blue colouration when heated with 
hydrochlorio acid. This colouration ^ 
patently not connected with the red oolourin|P 

’ According to Holmes the name JKgnonia (ecoma ' 
does not appear -In the Kew Index, but oaJy 
Bignonia Ucmo\de8, which Is, however, a shrubbir 
species. 
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if^atter of the berries and appears tol^e cha- 
racteristic of the, VacciniaceoB for craipberries, 
Vaccinfam vitis Idcea also yield the same 
reaction (Plahl, Zeitsch. Nahr. Genus/'m. 1907, 
13, 1). \ 

The sugar in bilberries is entire!’’ invert 
sugar (Windisch and Boehm, Zeitscl Nahr. 
Genussm. 1908, 8, 347). The ash coutins; 

K,0 NajO OaO MgO FogOjMnjO^ PjO. SO. SiO. 
67-1 6-2 80 01 11 21 17-4 3-1 0-9 

(Borggreve and Hombergcr, Bied. Zentr. 1886, 
487). 

Bilberries contain a rod-brown dye, insoluble 
in acidified water and a soluble dye which, when 
boiled with acid, yields sugar and the insoluble 
colouring matter (Woigcrt, Bied. Zontr. 1896, 
25, 58). 

cThe juice of this berry {Ger. Ileiddhcere.) 
is used for colouring wines. The colouring 
matters of grapes and of bilberries behave in 
an almost identical way with most reagents 
(Andrc'o, Arch. Pharm. [3] 13, 90; Ber. 13, 
682 ; Plahl, Chom. Zentr. 1907, i. 837). 

To detect bilberry juice in wine, .'lO c.c. of 
the wine is made faintly alkaline with sodium 
hydroxide, and evaporated to half its volume. 
After Wiling it is made up to the original volume 
and precipitated with lead acetate. The filtrate 
is then precipitated with sodium sulphate and 
after filtration the solution is acidified with 
hydrochloric acid. If any vegetable colouring 
matter is still present, the solution at once 
becomes red, but the blue colour given by 
bilberry only appears on heating the solution in 
a boiling water- bath. In this way 2 p.c. of 
bilberry juice can be detected (Plahl, Chem. 
Zentr. 1908, i, 1482). 

According to Vogel (Ber. 2i| 1746), the 
colouring matter cf grapes and of bilbeiries can 
be readily distinguished by their absorption 
spectra, providing the wine is not too concen- 
trated, and after adding a trace of alum solution, 
it is carefully neutralised with ammonia. After 
long keeping, however, the colouring matters 
cannot be distinguished in this way. 

The colouring matter of the juice can be 
extracted by neutralising it with caustic soda and 
then treating it with hide powder. After two days 
thfthide powder containing the colouring matter 
is filtered ofif, washed with water, and treated 
with dilute hydrochloric acid, after which it is 
precipitated with dilute soda. The colouring 
substance, probably CjoHi^Og, is soluble in 
mineral and organic acids, but insoluble in water, 
alcohol, ether, chloroform, or benzene. It 
reduces Fehling’a solution, and is decomposed by 
hot oonc. sulphuric acid, a compound C14HJ4O7 
being thrown down when water is added to the 
red solution thus obtained. 'J’he colouring 
matter is oxidised by nitric acid to oxalic and 
picric acids. It slowly decomposes on stand- 
ing, evolving carbon ^oxide, and its solution 
when treated with copper sulphate or ' zinc 
OhloQde, turns violet; with lead acetate it turns 
Wue, cad with ferrio chloride dark - brown 
j^a^n, Chem. Zontr. 1895, 66, 1084), 

Cc|isidera))le quantities of citric and malic 
aoidb are prwBsnt in the juice, which also contains 
hfdrocarbons, glucoses, pentoses, and inositol 
(Naehen, l.c,). Ammonia turns bilberry juice 
a brownish -green; nitric a^id in the cold Mae, 


changing to red and becoming orange on boiling ; 
lead acetate gives a blue preeijutate, copper 
suljfiifte a violet colour, sodium carbonate a 
blue-black, and borax an amaranth ^red 
(Griessmayer, Chem. Zontr. 8, 381). 

When chlorine is passed into the juice, a 
bright-grey amorphous precipitate is obtained 
(Nachen, l.c.), 

(For quantitative analysis of the juice, com- 
pare Matlios, Muller, and Ramstedt (Chem. 
Zentr. 1906, i. 407) ; Liihring, Bohrisch, and 
Hepner [ihid. 1907, ii. 1756) ; Shamm and 
Jegm {ibid. 1907, i. 983); Behre, Grosse, and 
Schmidt {ibid. 1909, i. 456).) 

When the juice is fermented, the products 
include aldehyde, and capric, propionic, valeric, 
and butyric acids (Nachen, l.c.). 

Wine has been prepared from bilberry juice 
by allowing it to ferment spontaneously when 
mixed with a third its weiglit of honey. The 
wine thus prepared bears prolonged storage, is 
rich in alcohol and tannin, is of a rich clear 
colon and has ai; agreeable flavour (Graftien, 
Bl. Assoc. Beige des cliim. 12, [3] 107 ; Otto, 
Bied. Zentr. 1899, 28, 284). 

When bilberries are extracted with ohloro« 
form, the solution evaporated, and the residue 
extracted with 1 iglit petroleum, the soluble portion 
yields a wax, m.p, 71®, and a crystalline compound, 
probably vitin^ m'.p. 255®-260® [o]j^+60*72® 
(Seifert, Landw. Versuchs-Stat. 45, 29). 

BILE. Bile is the secretion of the liver which 
is poured into the duodenum (the first part of 
the small intestine). It can be collected in 
animals by means of a biliary fistula ; the same 
operation has occasionally been performed in 
human beings. After doivth, the gall bladder 
yields a good supply of bde, which is more 
concentrated *.yhan that obtained from a fistula. 
The amount of bile secreted is differently 
estimated by different observers ; in man it 
probably varies from 600 to 1000 o.c. per diem. 

Its constituents are the bile salts proper 
(sodium glycocbolate and taurocholate), the bile 
pigments (bilirubin and biliverdin), a muoinoid 
substance, small quantitio.s of fats, soap, 
cholesterol, lecithin, urea, and mineral salts, of 
which sodium chloride and the phosphates of 
calcium and iron are the most important. 

Bile is a yellowish, reddish-brown, or green 
fluid, aocc>rding to the relative preponderance 
' of its two chief pigments. It has a musk-like 
odour, a bittej|;;-jweet taste, and is alkaline to 
litmus. The specifio gravity of human bile is 
1'026 to 1*032 from the gall bladder, and abouf^ 
1*011 when derived from a fistula. The greater 
concentration of gall-bladdeg bile is partly 
explained by the ao^tion to it from the wall of 
that cavity of the muoinoid material it secretes. 
The following table will, however, show that 
the low percentage of solids in fistula bile is duo 
mainly to paucity of bile salts. This is accounted ' 
for in the way first suggested by Schiff — that 
there is normally a bile circulation going oh in 
the body, a large quantity of the bile si^ that 
pass into the intestine being first split up, then 
re-absorbed and again sydthesised and secreted. 
This would obviously be impossible in 
where all the bile is disoharged to the exterior 
through a fistula. The following is the table in 
question, the results being the mpan of seventi 
analyses of human bile;— ^ ^ 
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Fistula Gall-bladder 


CouBtitnenti 

bile 

bile 

Bile salts 

. 0*42 

9I4, 

Cholesterol, lecithin, fat 

, 9*07 

1-18 

Muoinoid material . 

. 0*17 

1 ft Aft 

Pigment . 

. 0*07 

12*98 

a3i . . 

. 0-66 

0*78 

Total solids 

. 1-39 

14*08 

Water (by difference) 

. 98-Gl 

85*92 


For methods of analysing human bUe, s^'c v. 
Czyhlarz, Fuchs and v. Furtn, Riochem. Zeitsch. 
1913, 49, 120 ; Analyst, 1913, 208. 

The Fel hovinum purificatum of the pharraa- 
copcBia is made by mixing ox bile with twice its 
volume of rectified spirit : this is sot aside for 
12 hours until the sediment subsides ; the clear 
solution is decanted and evaporated on the 
water - bath until it acquires a consistence 
suitable for forming pills. The material so 
obtained consists mainly of bile salts, cholesterol, 
fats, salts, and a certain amount of the mucinoid 
material. Its yellowish-green colour is ciuo to 
bile pigment. It is given in doses of 6 to 10 
grains, usually as pills coated with keratin to 
obviate its deleterious action on gastric digestion. 
It is given mainly in cases where the natural 
secretion is absent or scanty, as in jaundice. 
But for a full description of its medicinal tises, 
and also for a description of *the action of drugs 
(cholagogues) which stimulate the liver either 
to secrete more 'bile or to cause a discharge of 
bile already formed, the reader is referred to any 
standard text-book on Pharmacology. 

PlattneFs crystallised hile. The bile salts 
are soluble in water and in alcohol, but not in 
ether. Their solution in alcohol is therefore 
precipitated by etherf and tliis precipitate gives, 
with proper precautions in technique, rosettes 
or balls of fine needles, or 4-6*sided prisms 
composed of the bile salts. This preparation is 
known as Phittner’s crystallised bile; it is 
usually made from ox hile» in which case the 
main constituent is sodium glycocholate. 

The bile salts. The sodium salts of glyco- 
oholio and taurocholio acids are those most fre- 
quently found. The former is more abundant in 
the bile of man and herbivora, the latter in car- 
nivora. Glycocholic acid (CgjH^jNO,) is by the 
action of dilute alkalis and acids, and also in 
the intesline, hydrolysed and sjilit into glycine 
(amino-acetic acid), and cholalic (clAlic) acid 

fis sodium salt ha?, the formula C28H42NaNO(. 
Taurocholio acid (C28H45NO7S) similarly 8j>lits 
into taurine (ammo-ethyl sulphonic acid) and 
cholalic acid 

Oj,H,, 5 N 07 S + %0=C2H4NHjHSO,-|-C24H4„05 

Its sodium salt has the formula Cg,H44NaNO ,S. 
These substances usually are detected oy 
Pettenkofer’s reaction ; small quantities of 
cane sugar and sulphuric acid added to the bile 
produce a brilliant purple colour. This is due 
to the interaction of iurfuraldehyde (poduced 
from the sugar and sulphuric acid)*and cholalic 
acid. 

Throughout the animal kingdom considerable' 
variations are found in the buo saltS. Thus in 
many fishes potassium instead of sodium salts 


am prdfent. There are also variations *in the 
bile aoi<^ themselves ; for instance, in the pij 
hvoglyoocholic acid (CjtHij'KO.) takes the 
place of irdinary glycocholic acid, and in the 
goose cljnotaurocholio acid (CjjH^jNSO,) of 
ordinaryltaurDcholic acid. 

A g/od deal of work has been expended 
on the Constitution of cholalic acid, but much 
yet remains to be done. According to Mylius, it 
is a monobasic alcohol acid with a secondary 
and two primary alcohol groups. Its formula 
jCHOH 

may iherefore be written CaoHa, (CHjOH)^. On 
. . . I^OOH 

oxidation it yields other acids, which have 
been named dehydrocholalic acid (CJ4HJ4O4), 
bilianic acid (UaillgiO,), cilianic acid (CioHj^Og); 
on reduction desoxycholalic acid (O24H40O4) 
is obtained. 

Choleic acid is another cholalic acid, with ftie 
formula (-21H40O4, found in small quantities in 
the bile of ox and man. It is probably identical 
wth desoxycholalic acid. Fclhc acid (CjsHgoO.) 
is still another acid obtainable from human Ime 
along with the ordinary acid. The principal 
cholalic acid in boar's, bile is termed ursocholeic 
acid (CjkH 2^04 or'C,BH3o04) by Hammarsten. 
The same investigator finds in the walruft that 
the principal bile acids are a-phoceetaurocholic 
acid, the cholalic acid from which has the 
formula 022H3„O5 ; and j8-phoofietaurocholic 
acid, the cholalic acid from which differs in 
certain particulars from ordinary cliolalio acid, 
although it has the same empirical formula ; 
he terms it wocholalio acid. 

Tbe Inle pigments. Bilirubin has the formula 
and biliverdin contains more 
oxygen (OigHigNjO ,)/! ; in bile exposed to the 
air, bilirubin is fairly rapidly oxidised to 
biliverdin. Tt has been proved by physiological 
experiment that the bile pigm*ent is an iron-free 
derivative of the blood pigment ; it is, in fact, 
identical with the substance termed hacmatoidin, 
which occurs usually in crystalline form in 
extravasations of blood in the body, as in a 
bruise. Tiie bile pigment sliows n<y absorption 
bands with the spectroscope, and is detected by 
various colour reactions, of which the most 
familiar is Gmelin’s test ; this consists in the 
play of colours — green, blue, red, and finally 
yellow — ^produced by the oxidising action of 
fuming nitric acid. The end or yeUow product 
is called cholctelin (C32H3,N40ij). By reduc- 
tion outside the body, a product called hydro- 
bilirubin (Ca2H4oN407) is obtained. A similar 
but not identical reduction product containing 
less nitrogen than hydrobilirubin is formed in 
the intestine, and constitutes stercobilin, the 
pigment of the faeces. Some of this is absor^d 
and ultimately leaves the body in the urine, 
where it is termed urobilin. A small quantity 
of urobilin is sometimes found preformed in th® 
bUe. ^ 

Bile mucin. The viscous material in the 
bile of some animals {e.g. man) is truq mucin ; 
in other (e.g. the ox) it is a nucleoproteim 

Cholesterol. Of the other constitu^ts of 
the bile, cholesterol or cholesterirt is the most% 
interesting ; although normally pregent in traces 
only, it may occur in excess and form the con- 
cretions known as gall stones, which are usually 
more or less tinged with bile pigment. It is a 



592 


BILE, 


monatomic unsaturated alcohol, wfth the as a substitute for paper and for lining the rods 
e'mpirical formula 027H45*0H. Windaus and of hoii^es (Dymock, Pharm. J. [3] 10, 661). 
others have show^ that it is a member of the Itifcontains good, tanning materials, Welding 
terpene series, which had hitherto fcipJy been bright- yellow leather (Wagner’s Jahr. 30, 1206 ; 
found as excretory products of plant jftfe. Trotman and Haokford, J. Soc. Chem. Ind. 1906, 

The phyaiologicat tLses of bile . — Bile w doubt 1096; Bdgh, Chem. Zontr. 1906, i. 1915). 
less to some extent an excretion. Soiie state The dry distillation of birch bark yields a 
that it hap a slight lipolytic action ; Tand in tar and an acid aqueous solution (nLuriloff, 
some animals it certainly has a feeble diastatic J. Russ. Phys. Chem. Soc. 23, 98), The chief 
power. Its main action, however, is to assist constituents of birchwood tar creosote are 
pancreatic digestion ; this it does not only guaiacPl and 1:3: 4-creosol, together with traces 
because its allralinity is useful in helping to of phenol, crosol, and 1:3: 4-xylenol (Pfreager, 
neutralise the acid mixture which leaves the Arch. Pharin. 228, 713). According to Hirsohsohn 
stomach (chyme), but it also acts as a coadjutor (Pharm. Centr. H, 1903, 44, 845) birch tar is 
to the enzymes of pancreatic juice. This is often adulterated with crude naphtha or 
true for the proteolytic enzyme (trypsin), and naphtha residues, but the adulterated can be 
the amylolytio enzyme (amylopsin), but is distinguished from the pure product by the 
especially so in the case of pancreatic lipase ; fact that the former is oidy partially soluble in 
some go so far as to speak of the bile salts as the acetone, whereas the latter is wholly soluble, 
co-enzyme of this ferment. When warm birch tar is treated with air, 

In virtue of the properties which the bile oxygon, or ozonised air, a pleasant-smelling solid 
salts possess of lowering surface tension, the product is obtained, soluble in alkalis, but almost 
products of fat -cleavage pass more rapidly insoluble in alcohol^ benzene, and ether. It and 
through membranes moistened with bile than its salts can bo employed in medicine, pharmaov, 
through these which are not. I'hcre is a good and technically. At the same time, readily 
deal of evidence that the same holds mira vitam, condensible liquid products distil over, which 
and thus the presence of bile aids the absorption can also be used medicinally and technically, 
of fa^s by the mucous membrane which lines as antiseptics and in perfumery (Friedlander’s 
the intestinal wall. Bile also is a solvent of Fortschr. der Teerfabr. 1905-7, 930). 
fatty acids, A colouring substance employed in pharma- 

When the bile meets the chyme, the turbidity ceutical and cosmetic preparations is obtained 
of the latter is increased owing to the precipita- when the bark of young birch trees is soaked in 
tion of unpeptonised protein. This action of the water containing about n), of its weight of 
bile salts is probably useful, as it converts the bicarbonate of soda or other carbonate. It is 
chyme into a more viscid mass, and somewhat then boiled and filtered. Hydrochloric acid is 
hinders its progress along the first part of the added to the rod -brown filtrate until a pre- 
intestine, 80 allowing digestion and absorption cipitato is formed which is filtered, washed, and 
to occur there. dried at a gentle heat. It s-hould be kept in well- 

Bile is said to be a natural antiseptic, but it stoppered vessels (Friodlandor’s Fortschr. der 
is very doubtful if it is really efficient in reducing Teerfabr. 1897-00, 661). 

the putrefactive processes in the bowel. 'J’lie The bark contains a crystalline substance 
bile salts are in vitro very feeble germicides, termed hetulin CgjHgoOg, m.p. 267’8®, sublimes 
and the bile itself is readily putrescible ; any in a current of air, readily yields ah anhydride at 
power it may have in lessening putrescence in 130®, and is tasteless and odourless. It does not 
the intestine is duo chiefly to the fact that by combine with acids or alkalis, is insoluble in 
increasing absorption it lessens the amount of water, sparingly soluble in alcohol, readily in 
putrescible material in the intestinal tract. It ether and turjicntine. 

is stated also that bile increases the peristaltic It is prepared by mixing the powdered 
action of the large intc'stine. epidermis of Betula alba with 1-8 p.c. of potos- 

Industrial and commercial uses of bile . — sium nitrate, pressing the mixture into small 
Apart from a somewhat limited use as a thera- tablets, and burning them in closed chambers 
peutic apnt, to which allusion has already been without *dame, and with the introduction of a 
made, bile has but little commercial importance, regulated supply of air. The betulin so formed 
It is, however, employed for cleansing woollen is used as films/.or certain substances in which 
goods, and, as housekeepers know, is specially it acts as an antiseptic, as a protection against 
useful in cleaning carpets. This is probably damp or against corrosive acids (Wheeldr, 
connected with its power of lowering surface Pharm. J. 1899, 494), 

tension. Bile is also used by artists to ensure The films can be deposited direct on various 
the uniform spreading of water colours on paper, substances by allowing the vapours to play upon 
No attempt has been made in the foregoing them. By a slight modification the films ow 
article to allude to the very extensive literature be made to have a greater or less degree of 
' of bile. This relates almost exclusively to the transparency and porosity (Wheeler, Ohem. 
physiology and pathology of bile, and the Zentr. 1900, ii. 798). 

important references can oe best obtained from According to Wheeler ( J. Soc. Chem. Ind. 
some standard work on Physiological Chemistry. 1899, 606), when birch bark or materials made 
" * W. D, H. from the latter, containing betulin are heated 

c BlOGEN or MAGNESIUM PERHYDROL. in a closed chamber and in a current of air, 
^*•1 Trade name for a mixture of magnesia and substances termed pyrwttulin and pyrobtiulin 
in|,j|ne sian^ p eroxide. anhydride are produced in forms other than films. 

BIOTlTs V. Mioa. GauUherine Cj4Hig0g,H,0, a gluooside, is 

BIRCH BARK. Betula. {Birke, Ger. ; obtained by extracting the bark of Betvla knid 
BoukaUf Fr.) The inner bark is used in India with alcoholic lead acetate, precipitating by 
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eth6r, and reorystallising from alcohol. The j 
aqueoufl solution has a bitter flavour, is^vo- 
rotatory, and reduces Fehling’s solution when 
boiled. It is hydrolysed by mineral acids, 
baryta, and by water when heated to 130®-140*, 
givmg a sugar and mathyl salicylate (Schaugans 
and Geroch, Arch. Pharm. 232, 437). 

A gum of probable formula C4H5O3 has been 
isolated from American birch wood {Beiula 
alba) {Johnson, Amer. Chem. J. 1896. 214). 

Birchbark oil is obtained by distilling birch 
bark {Bdula alba) in steam. It is brown, and 
has a similar odour to birch bud oil. On cooling, 
crystals separate. It contains palmitic acid 
(Haensel, (Siem. Zentr. 1907, ii. 1620; Ziegel- 
mann, Pharm. Review, 1905, 23, 83). 

The birch bark oil prepared from the bark of 
Bdula alba by Haensel (Chem. Zentr. 1908, ii. 
1436), had 8p.gr. 0-9003 at 20* and [a]^-12 08*; 
a colourless monocyclic sesquiterpene was 
isolated from it, having b.p. 265*-266v744 mm., 
Bp.gr. 0-8844 at 20®, and* [a]j,-0-5® .The 
terpene yields a hydrochloride, sp.gr. 0-9763 at 
20®, and a hydrocarbon, b.p. 258°-260®/747 mm., 
and sp.gr. 0-8898 at 20°. 

Birch oil, or the wintergreen oil of commerce, 
is obtained from the twigs of North American 
birches, especially the Betula lenta, but the pure 
genuine oil is prepared from OauUheria pro- 
cu^ens (J. Soc. Chem. Ind. Abatr. 1893, 174). 
It consists of mcthylsalicylate, a hydrocarbon 
C15H24, and small quantities of benzoic acid and 
ethyl alcohol (Schroeter, Amer. J. Pharm. 
Aug. 1889 ; Trimble and Schroeter, Pharm. J. 
20, 166 ; Ziogolmann, l.c.). 

Oil of Qamtheria procumbeiis contains 99 p.c. 
methylsalioylate, together with some paraffin 
— CaoHjj—probably triaoontane ; an aldehyde 
or ketone; a secondary alcohol and 

an ester C14H24O2, and is laBvo-rotatory, sp.gr. 
1*180; that obtained from the birch contains 
99-8 p.c. mcthylsalicylate, together with the 
above constituents except the alcohol CgHijO, 
which is absent. It is optically inactive ; sp.gr. 
1-187 (Pharm. J, 1896, 307, 328). 

Birch bud oil is obtained by the distillation 
of birch buds with steam. It is yellow, and has 
a pleasant aromatic odour. Crystals separate 
out at ordinary temperatures, and it becomes 
wholly orystaUine at —45° (J. Soc. Uhera. Ind. 
1903, 228). It is soluble in alcohol and^n ether, 
but not in alkalis, carbon disulphide, or glacial 
acetic acid. It is Isevo-rotataijj^ its rotation 
and specific gravity varyinc with different | 
p^parationa. That obtained by Sohimmel 
(Chem. Zentr. 1909, 11 2166) had sp.gr. 0-9730 
at 16® and 01,-6® 34'. 

It contains a paraffin, m.p. 60®, an ester, 
and a sesquiterpene alcohol, betulol, probably 
C,»H,80H, which is very much like amyrol 
(obtained from sandalwood oil), has a bitter 
taste, an odour like incense, b.p. 284°-288*/743 
mm., 138®-140Y4 mm.; sp.gr. 0-976; f«]p-*-35® 
(von Soden affll El-^e, Ber. 38, 1636 ; Haensel, 
Chem. Zentr. 1909, ii. 1166. Compare also 
Pharm. Zeit. 47, 818 ; Sohimmel, Chem. Zentr. 
1906.1.1340). 

The leaves of Bdvla aWa yield an olive-green 
oil, which is solid at ordinary temperatuy , but fluid 
at 36°, has sp.gr. 0*9074 at 36 , and is optically 
inactive (Haensel, Chem. Zentp. 1904, ii. 1737). 
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Haeftal (Chem, Zentr. 1908, I 1837) has 
isolated fk crystalline paraffin^ m.p. 49’6®-4Kr, 
from the oil of birch leaves. ’ 

Accor^ng to Grasser and Purkert (|^em. 
Zentr. 19fc,i. 489), products C4iH7oO,,CjjH4gO,, 
readily Joluble in water, and of which the 
potassiuli salt C4iH^7K807 can be used thera- 
peutically as a diuretic, can be obtained by 
extracting birch leaves with alcohol, treating 
the warm extract with potassium hydroxide, 
and then saturating the solution with dry 
carbon dioxide. Water is now added and the 
insoluble products filtered off. The fiiltrate is 
concentrated, the soluble products precipitated 
with a mineral acid, and separated from one 
another by conversion into their di- and tri- 
alkali derivatives. ^ 

Birch juice obtained from birch trees contains 
laevulose, a large quantity of malates, and 
basic constituents. When fermented wilh 
dextrose and milk of almonds, it forms ‘ birch 
wine’ (Lenz, Ber. Deut. Pharm. Ges. 19, 332). 

BIRD-LIME. {Olu, Fr. ; Vogelleim, Ger.) 
Bird-lime, from Ilex aqtii folium (Linn.), was 
iound by Personne to consist, in addition to 
vegetable debris and water, of calcium oxalate, 
caoutchouc, and ethereal salts of a solid crystal- 
line substance, ilictc alcohol C25H44O, m.p. 476®, 
with undetermined fatty acids. 

According to Divers and Kawakita, Japanese 
bird-lime, made from 1. integra, contains ethereal 
salts of palmitic acid, and in very small quantity 
a semi-solid acid, the calcium salt of which is 
soluble in ether and in alcohol. Japanese bird- 
lime also yields two very similar alcohols by 
hj^drolysis, one differing only slightly from ilioic 
alcohol, and termed ilicylic alcohol 
m.p. 1'72°, and another named mochylic aJcmol 
C24H44O, m.p. 234°, from mochi, the Japanese 
word for bird-lime, ^ 

Caoutchouc is also present in Japanese bird- 
lime to the extent of about 6 p.c., but only 
minute quantities of oxalates. By distillation, 
bird-lime yields much palmitic acid and a thick 
oily hydrocarbon C29H44 (Divers and Kawakita, 
Chora. Soc. Trans. 1888, 268). • 

! BIREEZ. Persian name for gum galbanum 
1 (Dymocl^ Pharm. J. [3] 9, 1016). 

'BISA 0 OL V . Myrrh, art. Gfm Restns. 
BISCINIOD. Trade name for a combination 
of cinchonidine hydriodide and bismuth iodide. 

BISDIAZONIUM SALTS v. Diazo com- 
roUNDS. 

BISMAL. Bismuth mothyleno digallate (v. 
HrsMUTH, Organic compounds of; also Syn- 
th imc drugs). 

BISMARCK BROWN v , Azo- coloueino 

MATTERS. 

I BISMITE or BISMUTH OCHRE. Native 
bismuth oxide, BijOa, occurring os a yellow 
earthy powtlor, or as minute rhombohedral 
scales. Analysis of various bismuth-ochres from 
j the tourmaline mines of San Diego Co., Cali- 
fornia, show these to be either bismuth hydroxide, 
Bi(OH)3, or puchorite, BiV04, or mixtures of 
these ; and doubt has been expressed os Ii the^ 
occurrence of the pure oxide BijO* in nature 
(W. T. Schaller, 1911). D. J. 8. 

BISMON V . Synthetic Drugs. • 

BISMUTH, Bismuth. {Etain de glace^ Fr. ; 
Wismuthf Ger.) Svmbol Bi. At, wt, 208*6 
(De Coninok and G6raijdl. 
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Omtrrmee. — Metallic bismuth oifecura in 
%ma!l quantities in widely distributed localities, 
usually with othbr ores, such as those *of cobalt, 
nickel, copper, silver, lead, and tin. ^t is found 
massive, granulated, reticulated or alfcorescent, 
associated with arsenic and silver, anioccasion- 
ally iron. A 

The principal sources are BoliviJ, South 
Australia,’* Altenberg, Sohneoberg, Annabcrg, 
Marienberg, Joachimsthal, Johanngeorgenstadt, 
Lolling in Carinthia, J^'ahhin, Sweden, and New 
South Wales, In small quantities it occurs at 
Hue! Spamnn, Cornwall, Carriek Fells, Alva, 
Stirlingshire. Alloyed with 64 p.c. gold it 
occurs at Maldon, Victoria. Alloyed with 
tellurium it occurs as teiradymiic in Cumberland 
An alloy of bismuth with ,‘l p.c. arsenic occurs at 
TalinKtum near Marienberg. 

Bismuth sulphide is widely distributed in 
sfeall quantities, being found in Saxony, Sweden, 
South Australia, America, and Cumberland. A 
sulphide of bismuth, copper, and lead occurs as 
needle ore, nckulile or patrinite. j 

As oxide, or ochre, it is found as a 

yellow substance, frequently as a coating on 
other minerals, associated with iron "and other 
impurities, at Schneeberg, Joachimsthal, Beresof 
in Siberia, and in Now South Wales The prin- 
cipal ore in Bolivia, which is stated by Bomeyko 
to bo the richest country in bismuth, is a compact 
earthy hydrated oxide. 

Bismuth occurs as carbonate or hismvlhile, 
usually containing carbonates of iron and copper, 
at Meymac, with antimony, arsenic, lead, iron, 
and lime ; in Mexico, whence it is imported to 
this country ; in North (’arolina, and other 
localities. Of late years considerable dejiosits 
of bismuth ores have been found in many places 
in America, but they have been very little 
worked. 

Extraction . — At Schneeberg in Saxony the 
ore worked is principally metallic bismuth occur- 
ring in ores which contain silver, lead, tin, and 
arsenic in gnei8,s and clay-slate. 

The ore, which contains from 7 1o 12 p.c. 
bismuth, i.s sorted by hand as far as possible from 
the gangue before treatment. The old method 
of liquation or ‘ sweating ’ is still used, but has 
now been largely superseded by smelting pro- 
oipses, in which the metal is much more perfectly 
extracted. 

Liquation.— In this process the metal is 
separated as far as possible from the gangue by 
melting at a low temperature. The picked ore 
is broken into pieces as large as a hazel nut, and 
placed in inclined iron tubes in charges of about 
12 owts., sufficient space being left in the tube for 
stirring the ore from the upper end (Figs. 1, 2, 3). 
The tubes are closed at the upper ends by plates 
of iron, and at the lower ends by similar jilates 
containing circular apertures through which the 
molten metal may run. The ends of the tubt;s 
project slightly beyond the walls of the furnace, 
the upper over a tank and the lower ends over 
iron crucibles which contain powdered charcoal, 
and%hioh are gently heated from below by a 
small charcoal furnace. The tubes are heated 
so>ias to cause the metal to flow easily, and in 
about 10 ifiinutes the bismuth commences to 
pass out into the crucibles, being there covered 
by the charcoal and thus protected from oxida- 
tion. The ore is occasionally stirred with an 


iron rod from the upper end, and in from 30 
to minutos the operation is completed. 
Tlfe fresidues, graupen or bismuth harUyf are 
raked from the upper end into the tank, and at 
once replaced by fresh ore. In this manner only 
about two-thirds of the ^bismuth is extracted. 
20 cwts, of ore require 63 cubic feet of wood. 
The contents of the pots are removed by ladles 
to moulds and cast into ingots of 26 to 60 lbs. 
weight. 

Sulphurous ores are usually roasted to re 
move sulphur, and then smelted with iron 
(to remove the last traces of sulphur), carbon, 
slag, sodium carbonate, limestone, and some- 
times fluor-spar. The rogulus of bismuth thus 

obtained is fused , 

on an inclined iron i 
plate and run down, * ^ 

leaving a dross con- 
taining much of the 
impurity. Bismuth 
ores are sent from 
JoaCiiimsiha], and 
w'orked bythi.s pro- 
cess at Schneehm'g. 

The following 
analyses of two 
typical samples 
show the composi- 
tion of commi'icial 
bismuth : From 

Saxony — Bismuth, 

99*77 p.c. ; cojiper, 0*08 ; silver, 0*06 ; sulphur, 
0‘J0; iron, trace. From Joachimsthal — Bismuth, 
99*32 p.c. ; lend, 0*30 ; silver, 0*38 ; iron and 
copper, iiacis, HuJpnur, none. 

At Joachimsthal a method devised by R. 
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Fig. 2. 

Vogel is used (Dingl. poly. J. 167, 187) for extract- 
ing bismuth trom ores free from lead. The 
ores, which usually contain from 10 to 30 p,o. 
bismuth, mixed, according to their richness, 
with 23''to 30 p.c. iron turnings, 16 to 60 p.o. 
sodium carbonate (according Ic the amount of 
gangue presasl'tV- 6 p.o. lime, and 6 p.o. fluor- 
spar. The mixture is introduced in charges of 
about 1 cwt. into clay crucibles, 23 inches high 
and 16 inches wide at the mouth, covered and 
heated in a wind furnace to tranquil fusion, and 
I poured into conical moulds. The liquid sepa- 
■ rates into three 
j layers, the upper 
consisting of slag, the 
second of a speiss 
containing the arse- 
nic, sulphur, nickel, 
cobalt, and iron, and 
most of the other 
impurities, with 
about 2 p.o. of bis- 
muth, and the lower 
consisting of a regulus of nearly pure bismuth. 
The metal is again fused and remoulded (sm 
Kerb Handb. der Met. HQttenkunde). 
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A iiai0M Mooeii bw beea adofUd by Pa^a 
[ J. 1802, 640) for the extraction « bimniith 
refinery residues. ^ • 

In SVanoe the carbonate of bismuth iini>aHM 
from Meymac is dissolved in the minimum 
quantity of hydroohloric acid and pieces of iron 
inserted in the slightly ftoid liquid. The bismuth 
is thus precipitated as a black powder, which is 
well washed and fused in a plumbago crucible 
under a layer of charcoal at as low a tempera- 
ture as possible (Ad. Carnot, Ann. Chem, Phys. 
f5] 1, 406 ; and Bull. Soc. cliim. 21, 114). 

* Ores of bismuth averaging (iO p.c. bismuth are 
imported into England, principally from Ade- 
laide, South Australia, and from Mexico. They 
are usually fused in plumbago pots with borax, 
sodium carbonate, and a little crude tartar. 

For the extraction of bismuth for pharma- 
ceutical purposes from sulphurous ores, Valen- 
ciennes roasts the ore on the level bed of a 
reverberatory furnace for 24 hours with the 
occasional addition of charcoal and frequent 
stirring with an iron rabble. When the sulp,)iii^ 
has thus been evolved, the ore is mixed with 
about 30 p.c. charcoal, and a mixture of chalk, 
salt, and fluor-spar, and again fused in a rever- 
beratory furnace. From 5 to 8 p.c. of the bis- 
muth is lost by this process, but this is compen- 
sated by the extra purity of the product. By 
subsequent fusion with nitre, tlio antimony, 
arsenic, and sulphur are removed, and by the 
ordinary wet methods the lead, copper, and 
silver are eliminated (M. A. Valenciennes, Ann. 
Chim. Phys. [61 1, 397). 

H. Tamm (Chem. News, 25, 85) states that 
bismuth can bo separated from ores containing 
much copper by fusion with an alkaline flux 
containing free sulphur, in which case the copper 
remains unreduced. He recommends a mixture 
of 6 parts sodium carbonate, 2 salt, * sulphur, 1 
carbon, to bo mixed in about equal proportions 
with the ore. The bismuth produced is stated 
to be much more free than usual from arsenic, 
antimony, and lead, but about 8 p.c. of the total 
bismuth is lost. 

The bismuth present in small quantities in 
lead, copper, and silver ores frequently becomes 
concentrated in the secondary products of the 
metallurgical processes and may then be profit- 
ably extracted. In the oxidation of silver-lead 
containing bismuth, the lead oxidises much more 
rapidly than the bismuth, and at the •lose of 
the cupellation a blackish litharge rich in bis- 
muth is obtained, from which metal may 
be extracted by further concentration and acid 
tr^tment (J. 12, 711 ). In this manner bismuth 
becomes concentrated in the hlick^ilber in the 
treatment of silver ores at Freiberg, and passes 
into the hearth bottoms, as much as 26 p.c. 
being sometimes so absorbed. When the hearths 
contain sufficient bismuth to be profitably 
extracted, they are finely ground and treated 
with hydrdohloric acid, with the formation of 
bismuth chloride. Water is added to ,the 
solution to precipitate the metal as oxychloride, 
and the precipitate is collected, washed, dried, 
and reduced to metal fusion with charcoal, 
s^ium carbonate, ana powdered glass (v. 
Phillips’s Metallurgy). 

Several proposals have been made for the 
extraction of bismuth by wet methodsi Becker 
Pat. $66439» 1906) suggests the treatment 


of Bulplpde ores nHth ft sohitioii of aq ftOuli or 
alkaline earth hyposulphite, The sohitaon thus « 
obtained is tream with alkalii sulphides, and 
the resultiiw precipitate of bismuth sulphide is 
dried and^elted as described above. 

Both acker (ibid.) and Ranald (Eng. Pat. 
16622, 18*) have patented the use of a solution 
of ferric /chloride as a solvent for bismuth 
sulphide 'and the subsequent precipitation of 
metallic bismuth from the solution by means 
of iron or zinc, or by electrolysis. 

Eulert (Rev. Prod. Chim. 4, 164) employs a 
mixture of sulphuric acid, water, common salt, 
and potassium nitrate as the extracting liqiior, 
and the process can bo made continuous. The 
bismuth IS finally obtained as the oxychloride, 
which can be sold or smelted for the metal. 

On the extraction of bismuth from its ares, v. 
also'Winckler (Ber. Entwick. Chem. Ind. 1, 963). 

Partjicaiion. — The crude bismuth produce# 
by the above methods contains a variety of 
impurities, from which it is important in many 
cases to separate it. These impurities are sul- 
phur, arsenic, antimony, copper, nickel, cobalt, 
silver, gold, lead, and iron. 

Sulphur and arsenic may be removed by 
fusion with af its wei^lit of potassium nitrate, 
with constant stirring at a temperature slightly 
above the temperature of fusion ; the rltre 
soon oxidises the impurities and a little of the 
bismuth, forming with them a slag which rises 
and solidifies at the surface. For the complete 
removal of these impurities a second fusion is 
frequently necessary. 

C. Me’hu (Pharm. J. [3] 4, 341) recommends 
the following jirocess for the removal of sulphur 
and arsenic. The metal is lieated considerably 
above the melting-point in a vessel so as to 
expose a large surface, and the oxide is removed 
to the sides as fast as it forms until about one- 
fourth of the metal has becom® oxidised ; the 
reater part of the sulphur and arsenic will then 
ave passed off as oxides. The mass is cooled, 
pulverised, and mixed with charcoal, dried soap, 
and potassium carbonate (free from sulphate), 
about one-fourth of the origihal weight of the 
metal, in a crucible, covered with charcoal, and 
heated to redness for one hour. Arsenic may 
also be mostly removed by fusion for a consider- 
able time under a layer of charcoal. Arsenic, 
sulphur, and most of the antimony may be 
eliminated by fusion at a bright-red heat under 
borax, stirring with a rod of iron until the action 
ceases. The iron combines with the. impurities 
and rises as a difficultly fusible slag to the surface 
from beneath which the still liquid metal may 
be poured after partial cooling. 

For the complete removal of antimonyf 2 or 
3 parts of bismuth oxide for each part of anti- 
mony supposed present are fused with the 
metal. The oxide of bismuth then gives up its 
oxygen to the antimony, becoming itself reduced 
and the antimonious oxide floats on the surface. 

Hugo Tamm (Chem. News, 26, 86) recom- 
mends for the removal of copper the fusion of 
the metal at a low temperature under 1 part of a 
mixture of 8 potassium cyanide and 3 sulfhur. • 
When the action has ceased the mass is stirred i 
with a clay (not iron) rod, cooled until the flax 
has set, and the metal poured out froth beneath. 

If impure cyanide is used, a relatively larger 
quantity is required. 
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Iron mav be completely removed, according 
^ to H. THraoh (J. pr (Jhem. [2] 14, 309), by fusion 
under a layer «f potassium chlorate •containing 
from’2 to 6 p.c. sodium carbonate, t 

From silmf bismuth may be stoarated by 
cupellation and subsequent reducSon of the 
bismuth oxide so produced, or the maal may be 
dissolved in nitric acid, the silver pWipitated 
^vith hydrochloric acid, the solution filWod, and 
the basic salt of bismuth precipitated by excess 
of water, and reduced to metal. 

Silver can be partially removed from bismuth 
by a process resembling Pattinson’s process for 
lead (Schneider, J. pr. Chem. [2] 23, 75). 

Lead may be precipitated from a nitric acid 
solution of the metal by the addition of sulphunc 
acid, and the bismuth recovered as already 
described. A method commonly used is to 
fuse the impure metal with bismuth oxychloride, 
fc’om which the lead liberates bismuth, itself 
becoming combined with oxygon and chlorine. 

A number of investigations on the refining 
of bismuth have been conducted by K. Matthey, 
and the methods ho proposes are given separately 
below', inasmuch as they possess the merit of 
simplicity and have been thoroughly tested on a 
large scale. 

Arsenic is removed completely by raaintam- 
ing' molten bismuth at a temperature of 610°- 
620° for some time. There is only a very 
slight loss due to oxidation (E. Matthey, Chem. 
News, 67, 63). 

Antimony is separated by melting the metal 
and maintaining the temperature at 350°. 
An alloy of bismuth and antimony, containing 
over 30 p.c. of the latter, rises to the surface of 
the metal, giving it an ‘ oily ’ appearance, and 
can be skimmed off. A complete removal of 
the antimony is thus effected (E. Matthey, l.c.). 

Copper. For the separation of copper from 
bismuth which 'has been previously freed from 
arsenic, antimony, lead, &c., E. Matthey 
(Roy. Soc. Proc. 43, 172) recommends its fusion 
with bismuth sulphide. The pure metal ob- 
tained amounts to 90 p.c. of the crude material, 
while the Remaining bismuth sulphide, containing 
copper sulphide, may be res mol ted. 

Alkali sulphides may be substituted for the 
bismuth sulphide in the above operation (E. 
Matthey, Proc. Roy. Soc. 49, 78). 

. Lead may be separated from the fused metal 
by repeated crystallisations, the alloy of bismuth 
and lead melting at lower temperatures than the 
purer bismuth. E. Matthey has thus by four 
crystallisations reduced the percentage of lead 
from 12 to 0-4 p.c. (Proc. Roy. Soc. 42, 93). 

For the separation of gold and silver, E. 
Matthey (Proc. Roy. Soc. 42, 89, 94) recommends 
the addition of 2 p.c. zinc to the molten metal. 
The mass is gradually cooled and the surface crust 
removed. This operation is repeated, whereby 
the whole of the precious metals are concen- 
trated in the skimmings. On fusing these in a 
crucible with borax, the gold and silver are freed 
from impurities by the action of the oxide of 
bii^uth, and sink to the bottom. To separate 
c theiast traces of these metals from the slag, jt is 
^ agaio fused with bismuth. 

^ Mohr states (Elektrochem. u. Met. Ind. 
1907, 6, ^ii) that an electrolytic method has 
been used with success for the purification of a 
Mexican lead-bisrauth aUoy containing 8M p.c. 


lead and 14’6 p.o. bismuth, together with small 
aments of antimony, iron, zinp, arsenic, silver, 
a«(Lgold. First the metal is made the ano^ 
in un electrolyte containiim 6 p.c. lead fluo- 
silicate and 14 p.c. hydronuosilioio acid. The 
lead ia doposited on a cathode of pure lead, 
and contains only O'Ol p.b. bismuth. The anode 
slimes are fused with sodium hydroxide and 
carbonate, and the metal, containing 94 p.o. 
bismuth, cast into anodes, which are then used 
in a second electrolysis, using a solution of bis- 
muth chloride (about 10 p.c.) and free hydro- 
chloric acid (about 10 p.c.). The cathodes are of 
Acheson graphite, and are placed on the floor of 
the cell. 'J’he current used is 20 amp. per sq. ft. 
at the cathode, and 60 amp. per sq. ft. at the 
anode, with a P. D. at the terminals of 1’2 volts. 
'I’ho resulting bismuth is 99-8 p.c. pure, the 
remaining 0-2 p.c. consisting chiefly of silver. 
(See also Zaliorski, Hurter and Brook, Eng. 
Pat. 22251, 1895.) 

Chemically pure bismuth is best prepared by 
disi^lving the coinmercial metal in nitric acid, 
decanting from any residue, and adding excess 
of water, whereby the bisinOth is precipitated as 
basic nitrate, leaving the impurities in solution. 
The precipitate is well washed by decantation, 
dried, mixed with black flux or other reducing 
agent w'hich produces a readily fusible flux, and 
reduced at a gentle heat in a crucible. 

Properties . — Bismuth is a greyish - white 
crystalline metal of distinctly red tinge when 
compared with whiter metals such as zinc or 
antimony. It is very brittle and easily pow- 
dered, and a bad conductor of heat and elec- 
tricity. Its tenacity is \ vry small, a rod 2 mm. 
in diameter will just support a weight of 14-19 
kilos. (Muschenbroeck). ,.It forms fine obtuse 
rhombohedral crystals, which approach very 
closely to ttie form of cubes. It has also been 
obtained in the form of acicular needles, which 
arc really elongated hexagonal prisms (Heberdey, 
Ber. Akad. Wien. 104, i. 254). Bismuth melts 
at 27^ (Mylius and Groseliuff), and boils at a 
temperature between the melting-point of 
copper and nickel, i.^. between 1084° and 1450° 
(Camelley and Carlton Williams), condensing 
in laminai. The vapour density at temperatures 
between 1600° and 1700° is 11, which corre- 
sponds to that calculated for a mixture of mon- 
atomic and diatomic molecules (Meyer, Ber. 
1889, 720). Its sp.gr. at 12° is 9*823. 

W. Spring has shown that by the exposure of 
bismuth of cj^p^ity 9 '804 to a pressure of 20,000 
atmospheres, the density was raised to 9*856 ; 
a second compression still furtbor increased fine 
density to 9'803 (Ber. 16, 2724). Jt is stated 
that by careful hammering its density may bo 
rai.scd to 9 '88. 

Bismuth expands in cooling. Tribe (Chem. 
Soc. Trans.) has shown that this expansion does 
not take place until after solidification. 

According to Cohen and MoesveH, bismuth 
exists in two cnantiotropio modifications, the 
transition temperature being 76°/760 mm. The 
transformation of the form stable below tJjis 
"emperature (o) into the other modification (jS), 
is accompanied by considerable increase in 
volume. The 3- variety can exist in the meta- 
slable condition below the trsSnsition point. 

Expend to dry air, bismuth remains on- 
altered at the ordinaiy temperature, but ko molat 
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ur or in contact with water it becomes coated 
with oxide. When heated in air it bnma with a 
bluish flame, evolving yellowish fumes of o:%db. 
At high temperatures it decomposes water. 

Cold sulpnurio acid has no action, but the 
hot concentrated acid dissolves bismuth. Hydro- 
chloric acid acts but slowly, and Ditto and 
Metzner have shown (Compt. rend. 115, 1303) 
that this action can only take place in presence of 
oxygen. Nitric acid, dilute or strong, dissolves 
it readily, with the formation of nitrate. Pow- 
dered bismuth thrown into chlorine gas ignites 
With the formation of trichloride. It also unites 
directly with bromine, iodine, and sulphur. 

When comparatively pure, bismuth crystal- 
lises readily. To obtain it in the form of fine 
crystals it is melted and allowed to cool until a 
crust has formed ; the crust is pierced on 
opposite sides with a hot iron, and the still liquid 
TOrtion poured through pne of the openings. 
On Careful removal of the crust the sides of the 
vessel are found covered with c^stals, frequently 
resembling hollow pyramidal cubes like thosfe of 
salt, but W'hich are in reality obtuse rhombohedra. 
Their iridescent lustre is due to a very thin 
film of oxide which shows the colour character- 
istic of thin plates. 

Bismuth can be obtained in the colloidal 
state by reducing a solution of the nitrate with 
stannous chloride, or by the action of hypo- 
phosphorus acid on bismuth oxychloride (Gutbier 
and Hofmeyer, Ze'itsch. anorg. Chem. 44, 225). 

Bismuth is the most diamagnetic substance 
kno^vn, a bar of the metal placing itself oqua- 
torially between the poles of a magnet, i.e. at 
right angles to the position taken up by a bar of 
iron. Bismuth also occupies an extreme place 
in the thermo-electric •series, being used with 
antimony in the preparation of the nyst dehoate 
thermopiles. 

Analysis . — All compounds of bismuth, when 
mixed with carbon or other reducing agent and 
fused before the blowpipe, give a hritile white 
bead of metal and a yellow incrustation on the 
charcoal, darker than that of oxide of lead. 

A very good dry test for bismuth is that due 
to von Kobell. The substance is heated on 
charcoal with a mixture of potassium iodide and 
sulphur, when, if bismuth is present, a brilliant 
scarlet incrustation is obtained. 

Salts of bismuth in solution give, on ^dition 
of excess of water, a white precipitate of basic 
salt, which is insoluble in tartaric acid, and 
blackens with sulphuretted hydr^ttS^distinction 
frogi antimony). 

Metallic iron, copper, lead, and tin precipitate 
metallic bismuth from solutions. 

A qualitative test for bismuth proposed by 
Reiohard (Chem. Zeit. 28, 1024) is the addition 
Df a brucine salt, or, better, brucine itself to the 
solution. In presence of bismuth a deep-red 
ooloux is produced which is distinguished from 
that given by nitric acid by the fact that it 
becomes deeper on heating, whereas the colbur 
given by nitric acid turns to yellow. ^ 

Setimaiion . — Bismuth may be separated from 
cop|)er, cadmium, mercsiry, and silver, lead 
having been removed previously by precipita- 
tion as sulphate, by the following method, due 
to Stfthlw and Scharfenberg (Ber. 38, 3862). 

The solution, which may contain hy^oohlorio 
a<M, and should contain about 0’1~0'2 gram 


of bismuth, is diluted to 300-400 o.o., and any 
precipitate^redissolved by the options addition 
of nitric acid. This solution is heated to hotting, 
and treated! with a boiling 10 p.o. solution of 
trisodium (phosphate Na,P04 (obtained by 
mixing equivalent amounts of sodium hydrogen 
phosphate and caustic soda). In presence of 
much hydirochlorio acid, a considerabl^xoesa of 
the phosphate must be used, but, slSould the 
solution become alkaline, nitrio acid must be 
added. After boiling the whole for some time, 
the precipitate is allowed to settle, and the 
supernatant liquid is tested with soium phos- 
phate. If precipitation is complete, the pre- 
cipitate is collected hot on a Gooch crucible, 
washed with 1 p.c. nitric acid, containing 
ammonium nitrate, dried at 120®, and §nally 
heated over a bunsen burner, and weighed as 
bismuth phosphate BiP04. The precipitatg 
is very hygroscopic : suitable precautions must 
therefore be taken in weighing it. 

A modification of this method, which renders 
it suitable for the separation of bismuth from 
considerable amounts of mercury, has been 
described by Stabler (Chem. Zeit. 31, 615). 

A volumetric method for the estimation of 
bismuth, for which considerable •accuracy is 
claimed, is the chromate method of Lowe* as 
modified by Rupp and Schaumann ( J. Soc. Chem, 
Ind. 1902, 1568). 

H. W. Rowell has published a method ( J. Soc. 
Chem. Ind. 1908, 102) for the estimation of 
small quantities of bismuth in ores, &c. The 
method is colorimetric, depending on the 
yellow colour produced when potassium iodide 
is added to a solution of the bismuth compound 
in sulphuric acid {see also Eng. and Minin g 
Jour. 1901, 459). 

An account of other methods used for the 
estimation of bismuth will bq found in the 
article on Analysis. 

Eor the dry assay of bismuth ores the fluxes 
used must depend on the composition of the 
ore. Thus with ores containing metaUio bismuth 
or that metal as oxide, sulphia*, carbonate, &c., 
a flux consisting of a mixture of 2 parts potassium 
or sodium carbonate, 1 part sodium chloride, and 
a proper quantity of argol or potassium cyanide 
or charcoal powder, will be useful (Tamm) ; with 
the addition, where much earthy matter is 
present, of borax. Where much copper is 
present, Tamm advises the use of one part of the 
ore mixed with one part or less of a nuxture of 
sodium carbonate 1, salt 2, sulphur 2, charcoal 
powder 1 part. The exact proportions in which 
these fluxes are most useful must be learned by 
experience. 

Alloys of Bismuth. 

Bismuth unites readily with most metals, 
forming alloys which, with few exceptions, are 
not of commercial importance. 

Tin and Lead. The alloys of bismuth with 
these two metals are of special interest. They are 
extremely fusible, and on account of their expan- 
sion on cooling they take a very fine impression, 
being largely used tor electrotype moul^, 

An alloy of 1 bismuth, 2 tin, 1 lead, is usea as 
a soft solder by pewterers, and for the cake 
moulds for toilet soap. An expensiv^ut efleo 
tive alloy for stereotype cliches and metaUio 
writing pencils contains 5 bismuth, 2 tin, 3 lead ; 
it melts at 91*66®. 
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^ A thorough physicO'Ohemioal investiffation 
'of these ternary alloys has been ^maae by 
CharrJjy (Compt. rend. 126, 1669), whose memoir 
Bhould consulted for details. HA finds that 
the eutectic mixture contains 32 p.o. llad, 16 p.c. 
tin, and 62 p.c. bismuth, and haa'm.p. 96°. 
Such alloys are used to a considerable extent in 


safe^ plugs for boilers and for automatic 
sprm^ers. 

• 'ifhe varieties of fusible metal contain these 
three metals, with the addition sometimes of 
cadmium, which still further lowers the melting- 
point. A table of the most important of these 
alloys is given below : 


i 


- tv 

Name of alloy 

Bismuth 

Lead 

Tin 

Cadminni 

Melting-point 

Temperature of 
maximum density 

Newton’s 

60 

31-25 

18-75 


94 5° 


Rose’s . 

50 

28-10 

24-1 

— 

96° 

65° (Spring) 

D’Arcet’s 

50 

26-0 

25 0 



94° 



Lichtenberg’s . 

60 

30-0 

20*0 

1 

_ 



Wood’s 

60 

25-0 

12-6 1 

12-5 

65° 

25° (Spring) 

Lipewritz’s 

60 

26-9 J 

12-78 

10-4 

65° 

38-5° ( „ ) 

Guthrie’s ‘ Eutectic ' 

c 

60 

20-55 1 

21-10 

14-03 

~ 

~ 


The action of heat on fusible metal is some- 
what anomalous. Taking Lipowitz’s alloy as a 
typical example, we find (from Spring’s table of 
densities at different temperatures) that this 
alloy whilst cooling contracts very rapidly at 
the solidifying point (65°), contracts slowly 
from that temperature to 38-5°, expands thence 
to about 26°, and agam contracts, occupying 
at 0° the same volume as at 46°. 

For this reason, in taking a cast or impression 
with fusible metal, it is advisable to allow the 
alloy to cool to a pasty mass before placing in 
the mould (v, further, Godefroy, Fremy’s 
Encvcl. Chimique, art. ‘ Bismuth,’ 1888, 24-30). 

mercury dissolves a considerable amount of 
bismuth without sohdifying. The amalgam con- 
taining 1 bismuth and 4 mercury adheres 
strongly to smooth surfaces such as glass. One 
part bismuth and 2 parts mercury forms a pasty 
amalgam. The* alloy consisting of D’Arcet’s 
alloy and mercury, for which 250 parts of mercuiy 
are used for 100 parts of D’Arcet’s alloy, is used, 
on account of its low melting-point, for taking 
casts of anatomical preparations. The alloy 
is introdiKjed in the liquid state, allowed to 
solidify, and the fleshy parts dissolved by solu- 
tion of caustic soda. This alloy is also used for 
silvering glass tubes, &c. 

Bismuth alloys with the alkali metaU ; 
JdlianniB (Compt, rend. 114, 586) has obtained 
an alloy of bismuth and sodium, of the formula 
BiNaj, by the action of a solution of sodium in 
liquid ammonia on bismuth. The compound 
forms small, dark-grey crystalline lamina% 

. m.^. 776°, and takes fire in the air. It may 
easily be prepared by slowly adding bismuth 
to sodium melted beneath paraffln heated to 
3(K)°-310° when the crystals separate out. An 
aUoy with potassium, KaBi, may be prepared m 
a similar manner (Vournasos, Ber. 1911, 44, 
3S66). The alkali bismuthides are readily 
oxidtaed in the air, turning black, and burn 
easily, giving a red residue of alkali bismuthatc. 
They aosorb hydrogen at 360°, formmg a pro- 
duo£ which is decomposed by water, evolving 
• hydSigen. They decompose water slowly at 
t tM qrdinary temperature, and more rapidly j 
on lNiyiitig,^d reduce copper salts in solution to | 
coppef. I 

A. H. Gallatin (PhU. Hag. [4] 38, 67) has pre- I 
pared an alloy of biamuth with ammonium (?). j 


He scattered ammonium chloride over bismutb 
sodium alloy, and added water. The alloy 
swelled and then contracted. On plunging 
in water or heating, a mixture of hydrogen and 
ammonia was evolved. After dr 3 ring in vacud 
over sulphuric acid, it evolved 27 volumes of 
gas on heating. 

Compounds of Bismuth. 

Bismuth forms two well-defined classes of 
compounds, in which it is a diad and a triad 
respectively. There are indications of the 
existence of some more highly oxidised com- 
pounds, but, assuming their existence to be 
proved, their constitution can be more easily 
explained by the assumption of a higher valency 
for oxygen than by assaming bismuth to be a 
pentad. 

Hydridet A gaseous hydride of bismuth 
appears to be formed by the solution of an alloy 
ot bismuth and magnesium with thorium-C 
or radium-C in 0-2 N hydrochloric acid. It is 
fairly stable at ordinary temperatures, but is 
decomposed at a red heat and forms a mirror 
in the Marsh apparatus similar to antimony 
(Paneth, Ber. 1918, 61, 1704; Paneth and 
Winternitz, idem. 61, 1728). 

Oxides. Only two oxides of bismuth, the 
dioxide and the trioxide, are definitely known. 
The statements of Doiehler, Hauser, and Vanino 
and TrS‘ubert, that bismuthic acid and tetroxide 
exist, have been controverted by Gutbier and 
Bunz (ZeitEHi-.:'.,.iorg. Chem. 48, 162; 49, 432; 
50, 210; 62, 124); Moser (Zeitsoh. anqj*g. 
Chem. 50, 33) states that the addition of hydro- 
gen peroxide to a bismuth salt precipitates only 
bismuth trioxide. According to Hollard (Compt. 
rcnd. 136, 229) a peroxide of the formula Bi^Oj 
is formed during the 'electrolysis of a solution of 
bismuth sulphate, but this observation has not 
been confirmed. It is doubtful whether a sub- 
oxide exists. 

The trioxide and the compounds derived from 
it are the only ones of commercial importance. 

Bismuth trioxide Big 03 occurs m nature 
as bismuth ochre. It* is best prepared by 
heating the subnitrate of bismuth until red 
fumes cease to be evolved. It may also be 
prepared by exposii^ the metal to a tad-white 
heat in I muffle. The metal then buma 
forms the oxide, which condenses aa a ydlow 
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powder. Bismuth oxide thus obtained is a 
pale-yellow amorphous substance, which Jbielts 
at a red heat to a glass without change of y^i^ht.* 
Its sp.gr. is 8;2 1 . Heated in sulphur dioxi^ it is 
ultimately converted into a basic sulphate 
^BigO 3,3803. ^ 

The oxide can be* obtained crystalline, and 
has been shown to be isodimorphous with 
antimony trioxide (Muir and Hutchinson, Chem. 
Soo. Trans. 1889, 143). 

It is used for glass and porcelain staining ; 
as an addition to certain fluxes to prevent the 
production of colour ; and in gilding porcelain, 
Ming mixed in the proportion of 1 part oxide to 
16 parts of the gold. 

The darkening of the commercial substance 
on exposure to light is due to the presence of a 
trace of silver. 

A hydrated bismuth oxide Bi 203 ,H 20 is pre- 
cipitated as a white powder on addition of 
caustic alkali to a bismutlious salt, such as the 
nitrate ; but Thibault (J. Pharm. Chim. 12, 559) 
has shown that under th^se conditions the 
product contains appreciable quantities of 
oxy- acid salts. By prcci[)itating the hydroxide 
from an alkaline solution by the addition of acid, 
a pure product is obtained which on drying 
yields the pure oxide. It dissolves in alkali in 
presence 01 glycerol. On addition of sugar to 
the solution, metallic bismutli is preeijntated, 
whilst arsenic, if present, remains in solution. 
Lowe (Zeitsch. anal. Choni. 22, 498-505) recom- 
mends this method for the preparation of pure 
bismuth for pharmaceutical purposes. 

Bismuth carbonate C()(O BiO )2 is best pre- 
pared by triturating powdered bismuth nitrate 
with mannitol under water until solution is 
obtained, when a strong solution of potassium 
carbonate is added. Bismuth carbonate 
separates as a flue lioavy povWer which is 
washed with water, alcohol and ether, and dried 
in the air (Vaning, Pharm. Zentr-h. 1911, 62, 
761). 

Bismuth nitrate Bi(NO 3) 3,5H20 IS prepared by 
dissolving bismuth or its oxide or carbonate m 
moderately strong nitric acid. The concen- 
trated solution is filtered, if necessary, through 
asbestos, and deposits on cooling large deliques- 
cent crystals, which arc caustic and melt in 
their water of crystallisation when gently heated. 

When the bismuth used for the preparation 
contains arsenic, excess of nitric aci^should be 
used for the solution ; the arsenic is then oxidised 
to arsenic acid, and com bineuy;^^ its equivalent 
of bismuth, being precipitatedas arsenate of bis- 
muth. R. Schneider (J. pr. Chem, 20, 418-434) 
recommends the following proportions ; 2 kilos, 
bismuth, 10 kilos, hot nitric acid (76® to 90®); 
when the action is finished the liquid is de- 
canted from the sediment, which contains all 
the arsenic. On addition of water to the solu- 
tion a white precipitate of basic nitrate falls, the 
constitution of which varies with the amount 
of water used. This was formerly knqwn as 
tmgistery of biamtUK end is now called fiale or 
pearl white, the latter name being also applied 
to the oxychloride of.bismuth. 

For pharmaceutical ^rposes the subnitrate 
is prepared as follows : Dissolve 2 ports of bis- 
mu^ in 4 parts nitric acid of sp.^. 1*42, diluted 
with 3 parts water, pour from deposit, if any, 
evaporate to one-third the bulk, and pour into 
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80 parts of water, filter, wash and dry the prc« 
oipitato at a temperature not above 65®. • 

It is* a pearly-white powier oonsisjing of 
minute crl^stalline scales. It is employed as a 
flux for /certain enamels, augmenting their 
fusibility without imparting any colour, and on 
this account is used as a vehicle for metallic 
oxides. For the colourless iridescent glaze on 
porcelal^i the basic nitrate is rubbed with resin 
and gently heated with lavender oil ; by the 
addition of coloured oxides, yellow and other 
colours are produced. It is also used like the 
oxide and in the same proportions for gilding 
porcelain, and to some extent as a cosmetic 
under the names blanc dt fard and blanc 
d'Espagne. It is largely used in medicine. 

When prepared from impure metal it is liable 
to contain arsenic, lead, and silver ; tsllurium 
has also been suspected (Pharm. J . 3, No. 287). To 
test for arsenic, heat a little of the nitrate iat a 
tube until brown fumes cease to be evolved. 
Add a small crystal of potassium acetate, and 
again boat ; in presence of a trace of arsenic the 
odour of kakodyl is observed (A. Glenard, J. d© 
Pharm. [41 1, 217). 

Bismuth chloride^ BiCl,. This compound 
is produced when” finely powdered bismuth is 
thrown into chlorine gas or wlfen chlorine is 
passed over the heated metal. It is also farmed 
by the solution of bismuth in aqua regia and 
evaporation of the liquid; or by distilling a 
solution of the oxide in hydrochloric acid, 
changing the receiver when all the water has 
distilled over. 

It is a white, easily fusible solid, which 
absorbs moisture from the air, forming a crystal- 
line hydi’ate. By the addition of water a white 
precipitate of basic chloride or oxychloride is 
produced corresponding to BiOCl, though its 
composition vanes considerably. 

The oxychloride of bismuth is, however, 
usually prepared by pouring a solution of the 
normal nitrate into a dilute solution of common 
salt, forming oxychloride of bismuth and sodium 
nitrate. 

It is a white pearly powder kqnwn as pearl 
white, and is used as a pigment, and in the pre- 
paration of a very fine yellow pigment knowTi as 
Merira^'e’s antimony yellow (v. Antimony). 
For double salts of bismuth chloride and chlorides 
of bivalent metals, .sec Wcinland, Alber and 
Schweiger, Arch. Pharm. 1916, 264, 621. 

Bismuth chromate r. under Chromium. 

Bismuth sulphite, produced by the action of 
sulphurous acid on bismuth carbonate, or by 
double decomposition between a bismuth salt 
and an alkali sulphite, is a white crystalline 
powder, and is used in medical practice to check 
intestinal fermentation, and in cases of worms. 

The organic compounds of bismuth have found 
many applications in medicine and surgery. 

Bismuth salicylate is prepared, according to 
CauBso (Compt. rend. 112, 1220), by adding a 
solution ‘of a neutral salicylate to a solution of 
bismuth nitrate in a minimum amount of 
hydrochloric acid. Considerable quantities of 
ammonium chloride are added to the sflutioM 
before they are mixed. Hydrated bismut|« 
saUcylate Bi(C7H.O,)a,4H.O is thus obtain^ 
as a white crystalline powder, miblubte in cold 

i water. , , 

I A better method of prepoiatioh, due to 
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Tilibault {Ball. 600. ohim. 2S, 794 )> consists 
in treating the bismuth oxide obtoined by 
{»recipitation fro^ 16 parts of bismutji nitrate 
vdth absolution of 10 parts of salioylio acid in 
200 parts of water and heating on we water- 
bath till the action is complete. The product 
is decanted, washed with cold alcohol, and dried 
at 100*. It is thus obtained in rose-grey 
crystals, which are soluble without decom^wsition 
in cold alcolttol, ether, or in a saturated aqueous 
solution of salicylic acid. 

Martinotti and €ornelio (Bull. Chim. Pharm. 
40, 141) point out that commercial preparations 
of the salt vary very much in composition, the 
amount of acid ranging from 5 to 67 p.c., and 
that of bismuth oxide from 37 to 79 p.c. 

Kebler, however, has shown (Pharm. J. 64, 
691) that the alcoholic test of the British 
Pharmacopoeia is too stringent, as hot alcohol 
decomjjoses the salt. A more trustworthy 
mCThod of testing of bismuth salicylate for free 
acid consists in extracting it with 90 p.c. benzene 
and filtering the extract into dilute ferric 
chloride solution (1 in 3000), when a violet ring 
is produced at the junction of the two liquids 
if free acid is present. 

Basic bismuth gallate, • knov^m comnferuiaUy 
as ‘ dermatol' i^ prepared as follows : 306 grams 
of basic bismuth nitrate is dissolved in 328 grams 
nitric acid of strength 38®B., diluted with 200 
grams water. Uho solution is filtered through 
glass-vool, evaporated down to 600 grams, and 
allowed to crystallise. The product is di.s.solved 
in 980 grams glacial acetic acid, diluted with 
8 litres of water, and then mixed with a solution 
of 188 grams crystallised gallic acid in 8 litres of 
water. The precipitate of bismuth gallate thus 
produced is washed five or six times with water, 
pressed, and dried (Hartz, Pharm. Rundsch. 
12, 182). 

Another methqd consists in treating a solu- 
tion of bismuth nitrate in nitric acid with a 
solution of gallic acid in 70 p.c. alcohol, nearly 
neutralising with sodium hydroxide or sodium 
carbonate, and finally adding considerable 
quantities of sodium acetate or diluting largol/ 
with water. The compound is thus obiaiiiod as 
a yellow precipitate, which is collected and dried 
(fc Pat. 6234, 1891). 

The empirical formula of the substance is 
BiC,I|,07, and Thibault (J. Pharm. Chim. 14, 
487roon8iderB that it is really bisraiithogaUic 
acid, adducing in favour of this view the fact 
that with alkaSs it forms salts of which potassium 
bismut^ogallate KsBiC^HgO^ is a type. 

A general method for the preparation of 
bismutn salts of organic acids is the solution 
of freshly precipitated bismuth hydroxide in 
a solution of the acid (Fischer and Griitznor, 
Arch. Pharm. 1894, 232, 460; v. also Telle, 
%bid. 1908,246, 484, for the preparation of bismuth 
by this method). 

Baste bismuth dibromohydroxynaphthoate, 
which has been suggested as a substitute for 
iodoform in surgied dressings (G. Richter, 
Apotk 'Zeit, 1908, 23, 600), is obtained by a 
dmilaf^ method. /3-hydroxynaphthoio acid is 
^bminated in aoetio acid solution, and the 
wacystaBMad product heated with bismuth 
hydroxide. * ISte salt tis a finely crystalline^ 
yellow, odourless, insoluble powder, which is 
unaffected by heating to 110®. 


Bismuth ebrysophanate i*Demol*) 

L Bi(C\3H,0j3'Bi«0,(T) 
a y^owish-brown powder, is, aooording to 
MercL, a mixture of impure ohrysarobin and 
bismuth hydrate. 

- Compounds of bismuth with phenols are 

obtained by double decoihposition between an 
alkaline salt of the phenol and a salt of bismuth, 
such as the nitrate. Among those that have 
been made commercially may be mentioned ; 

orphol (the /3-naphthol compound) 

CioH,OBi(OH)2+Bi208-|-HaO ; 

xeroform (the tribromophenol compound) 

(CfiH 2 Br 30 )oBi 0 H+Bia 03 ; 

helcosol (the pyrogalkte) 

[CJl3(0H),0]3-Bi«0H. ^ 

An important pathological application of bis- 
muth salts is their administration internally 
in order to outline parts of the body in Rontge'n 
ray work. 

Bismuth oxyiodosubgallate C3H2(0H)3‘C02- 
Bil(OH), ‘ airol,’ is*prcpared by heating together 
in 60 parts of water 35 parts bismuth oxyiodide, 
and 18-8 parts gallic acid until the product is a 
greyish-green powder. It is used as a substitute 
for iodoform. 

Other compounds of bismuth to which trade 
names have been given are : 

BismaU bismuth methylenedigallate, ob- 
tained by the general method from the hydroxide 
and methylonedjgallic acid. 

Markasol, bismuth borophenate. 

Thojorm, bismuth ditmosohcylate, used au: 
a substitute for iodoform (i». Synthetic deugs). 

Tertiary aromatic bismuthines and their 
halogen derivatives have been prepared by 
Challenger (Chem. Soc. Tri^s. 1914, 105, 2210). 
Other organo-bismuth compounds have been 
described by* Lb wig, Annalen, 1860, 76, 366; 
Breed, ibid. 1862, 82, 106 ; Bunhaupt, ibid. 
1864, 92, 371 ; MichieliB and collaborators, 
Ber. 1887, 20, 62, 54, 1616; 1888, 21, 2036; 
Gillineister, Bor. 1897, 30, 2843 ; Pfeiffer and 
Pictsch, ibid. 1904, 37, 4020; Hilpert and 
Gruttner, ibid. 1913, 46, 1686 ; Hilpert and 
Bitniar, ibid. 3741 ; Ehrlich and Karret, ibid. 
3564 ; Vanmo and Mussgnug, Ber. 1917, 21. 

BISMUTHINITE or BISMUTH-GLANCB. 
Native bismuth sulphide, BijSa, occurring as 
acicular or bladed orthorhombic oiystals or 
lamellar glasses, very like stibnite (SbjSa) in 
appearance. In Queensland and Bolivia it is 
found in sufficient abundance to be mined as an 
ore of bismutlfT*^ ‘ L. J. S. 

BISMUTITE. Basic bismuth carbonate, con» 
taining about 90 p.c. BijOi ; formula perhaps 
BijOgCOg-H^O. It is a yellowish earthy 
material, and" presenting such an appearance is 
surprisingly heavy (sp.gr. variously given as 
6-9 and 7*6). It occurs as an alteration product 
of native bismuth, and in Bolivia is an importemt 
ore of t^s metal. L. J. & 

BISMUTOSE V. Synthetic Bepgs. 

BISTRE V. Pigments. 

BISULPHIDE OF CARBOK v. Cofion 

dis^'lphidf', art. Caebon. 

BITTER ALMOND OIL v. BENZALPSBYPEf 

and Oils, Essential. 

BITTER APPLE v. Colocynth. 
bitter SWEET v. Bulcamaba. 

BITTER WOOD e. Quassu. 
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BITTERN. The mother liquor whidK re- 
mains after the crystalliBation of oommqp, salt 
from sea-water, or the water from salt 
It oontains soluble magnesium salts, bromides, 
and iodides. 

The same term is^also applied to a mixture 
of equal.parts of quassia extract and sulphate of 
iron, 2 parts extract of Cocculua indicusy 4 parts 
Spanish liquorice, and 8 parts treacle, used to 
sophisticate beers. 

BITUMEN. This term includes a consider- 
able number of inflammable mineral substances 
consisting mainly of hydrocarbons. They are of 
various consistence, from thin fluid to solid, but 
the solid bitumens are for the most part lique- 
fiable at a moderate heat. The purest kind of 
fluid bitumen, called naphtha or rock oil, is a 
colourless liquid of si).gr. 0-7-0-84, and with a 
bituminous odour. It often occurs m nature 
with asphalt and other solid bitumens. Petro- 
leum is a dark-coloured fluid variety containing 
much naphtha. Maltha or ujiueral tar is a more 
viscid variety. The solid bitumens are asphalt 
{q,v.) ; mincTol tallow or hatcheiiii ; clastic 
bitumen, mineral caoutchouc or elalcritc ; ozo- 
kerite, &c. 

An abundance of bitumen is found m the 
island of Trinidad at the Pitch Lakes, and in 
Mexico. It is supposed to be a product of the 
decomposition of vegetable matter, and consists 
chiefly of hydrocarbons with variable quantities 
of oxygen and nitrogen {v. Pitch). 

BITUMINpUS COAL v. Fuel. 

BIXEIN, BIXIN. Colouring matters of 
annatto (y. Annatto). 

BLACK BAND IRONSTONE y. Iron, Ores or. 
blackberries! The fruit of the bramble, 

Itubu^ fruticosus, Konig gives, a| the average 
composition : 

Free Other carbo- 

Water Protein acid flujnir hydrates Fibre Ash 
86-4 0-5 1'2 4-4 1'8 52 0-5 

The seeds contain about 12-() p.c. of a drying 
oil, sp.gr. at 16° 0-9250, iodine number 147 8, 
the liquid fatty acids — about 01 p.c. of the oil, 
contain about 80 p.c. of linolic acid, 17 p.c. of 
oleic acid, and 3 p.c. of linolonic acid, whilst the 
solid acids, chiefly palmitic acid, amount to 
about 4*7 p.c. ; volatile acids are not jjrcsent in 
thfc oil. A small quantity of phytosterol is 
present (Krzizan, Chem. Rev. Fett u. Harz, Ind. 
1908, 16, 7). For a study^ffr’^e colouring 
matter of the fruit, see Voocni (Chem. Zeit. 1914, 
I 1209). H. 1. 

BLACK BOY GUM v. Balsams. 

black CHALK. A kind of clay containing 
carbon, found in Carnarvonshire and in the Isle 
of Islay. 

BLACK COPPER v. Copper. 

black EARTHY COBALT v. Cobalt. 

BLACK FLUX v. Assaying. • 

BLACK HAW. The dried bark of Viburmm 
frunijdivm (Linn.). 

BLACK HBLLEBOhE ROOT. Badix Hdle- 
borinigri- {Bacined'Elld)orenoir,Fs.', Schwarze 
Nieswurzel, Ger.). 

The loot of the HM>orus »tjfe/»(Liiin.) or 
Christmas Rose (Woodville, Med. Bot. 169 ; 


Bentl. a. Trim. 2). Black hellebore and 
the nearly related creen hellebore, BeUdxirm 
viridia (Linn.), are seldom employed in Inland 
except infveterinary medicine. They are both 
powerful intestinal irritants. {Veratrum viride 
and V. album, also known as green and white 
hellebore respectively, are very different plants, 
and contain alkaloids.) 

According to Husemann and Marm<!‘ (Annalen, 
133, 66), both species of Helleborus contain a 
glucoside helleborem, and a smaller quantity of 
a second glucoside hcllehorin. The former is, 
according to Sieburg (Arch. Pharm. 1913, 261, 
154), an amoimhous saponin (C2iH840io)a;, and 
is hydrolysed by boiling dilute siUphuric acid to 
2 mols. each oi dextrose and arabinose, 1 mol. 
of acetic acid, acid helleboretin CjiHsjO? (a 
lactone?), and ncutial helleboretin 
greenish-black mass. Helleborem is not a 
suitable substitute for digitalis {cf. also Thaeter, 
Arch. Pharm. 1897, 236, 414). Helleborin melts 
with decomposition at 160®, dissolves easily in 
hoiling alcohol or chloroform and gives a deep 
red solution with sulphuric acid. 

BLACKING. Blacking for shoes is mentioned 
as early as 1598, but it was not introduced into 
England until the reign of Charles 11. It con- 
sists of ( 1 ) black bone charcoal (free •from 
calcium phosphate, otherwise it is subsequently 
treated wi^i dilute sulphuric acid) and black 
colouring matter ; (2) a mixture of sugar and 
oil, which, on rubbing, imparts the gloss ; and 
(3) fatty matter for preservation purposes. 

Carnauba wax with its hardness and high 
melting-point is the basis of modern friction 
polishes. The cheaper candeHlla wax may, to a 
certain extent, replace the carnauba with but 
little diffcroncc in the quality of the polish. 

There are two chief methods for working 
these waxes into polish : Th^ wax is emulsified 
by boiling in a solution of borax. The product 
is known as white stock. If polish is to be in the 
form of paste, the white stock while hot is mixed 
with a hot solution of ordinary laundnr soap 
and suflicient nigrosin to giv?> the (^ired depth 
of colour. The mixture cools as a soft paste 
that may readily be applied by means of a brush 
or sponge. J f the polish is desired in the liquid 
form, the best grade of Castillo soap is used ; 
a solution of tliis variety of soap does not 
gelatinise. Numerous trials have shown that 
no matter how dilute tJie soap solution, a satis- 
factory liquid cannot be obtained unless Castillo 
soap 18 used. Both the paste and liquid fonns 
are widely used. With a moderate friction, 
the hard waxes held upon the leather by the 
soap, give a beautiful and verj* desirable polish. 

The second method of dealing with the hard 
waxes is as follows : Carnauba or candelilla or 
a mixture of the two with beeswax and ceresin 
or paraffin is dissolyed in hot turpentine and 
mixed with very finely pulverised bone charcoal. 
When properly cooled there results a firm paste 
that spreads rapidly under a brush or sponge. 
When this mixture is poured into boxes it must 
be properly cooled, o'tnerwise there is a #para^ 
tion of the harder waxes from the solvent, the# 
result being a granular sloppy mass mstead of the 
firm paste desired.- If the harder waxes atee 
were used it would be difficult to prevent 
separation from the turpentine on cooling, henoe 
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the admixture of softer waxes. Beeswax gives 
a toughness or lack of shortness to the 
paste, ^and a sAiooth finish that cebmot be 
obtained without it. These softer wa^es reduce 
the gloss available from the camauba or 
canddilla. The use of bone black as a colouring 
agent is an attempt to overcome the weakness 
inherent in the use of the softer waxes, and to 
add to thi gloss obtainable from the waxes 
that obtained by friction of the bone carbon. 

For tan leathers the same goods are used, 
except that a brown or yellow dyo and pigment 
replace the nigrosin and bone char. The appli- 
cation of the tan polish is frequently preceded 
by the use of a cleaning solution to remove 
stains and discolouration (J, T. Donald, J. Soc. 
Chem. Ind. 1913, 32, 459). 

A liquid blacking can be prepared from 120 
parte of ivory black, 90 parts brown sugar, 16 
paats olive oil, and 600 parts stale beer. The 
ivory black, sugar, and olive oil are mixed into 
a smooth paste, and the beer added under 
constant stirring (Hiscox, 1907). 

A German recipe is as follows r 26 parts 
Marseilles soap are dissolved in 375 parts of 
warm spirit (25 p.c.) and 40 parts of glycerol 
added ; this is shaken and added to a solution 
of 200 parts o^ shellac dissolved in 1000 parts 
of spirit (96 p.c.) and 6 parts nigrosine in 126 
parts of spirit added. The mixture is well 
shaken in a closed vessel and left •for a fort- 
night. 

Liquid polish. 4 oz. asphaltum, 8 fl. oz. 
turpentine, 3 fl. oz. of gold size, J oz. nigrosine, 
and 3 fl. oz. linseed oil. The mixture is heated 
until uniform and thinned down to desired con- 
sistence with oil of turpentine (Phot. J. Dec. 
1908, 738). 

Day and Martin's chief blacking is obtained 
by mixing ground animal charcofld, sperm oil, 
raw sugar or trencle, and a small portion of 
vinegar. Dilute sulphuric acid is then added 
to the mass until intumescence ceases, and 
the product is thinned by the addition of 
vinegar. 

Bryant jivd James's indiarubbor blacking is 
prepared by triturating thoroughly 18 oz.^ very 
fine shreds of indiarubber, 9 lbs. hot rapeseed 
oil, 60 lbs. finely powdered animal charcoal, 
45 lbs. treacle, 1 lb. gum arabic previously 
dissejved in 20 gall, vinegar. The whole is 
placed in a wooden vessel, and 12 lbs. 
sulphuric acid added in small quantities at 
a time, and stirred for \ hour daily for 14 
days, 3 lbs. of finely ground gum arabic added, 
and stirring continued for 14 days. If required 
in the paste form, only 12 gall, vinegar added and 
6 or 7 days’ stirring is suflSoient. 

Brunner makes a blacking by stirring 10 
parts of bone black with 100 parts of glucose 
syrup, and 6 parts sulphuric acid added with 
rapid stirring until the mass is homogoneou.s. 
2 parts of soda are dissolved in 4 parts water, 
and 20 parts train oil added and boiled with 
constant stirring until a thick liquid is formed : 
the other mixture is then added with repeated 
ctiidnf. 

K A cheap and good shoe blacking may be pre- 
pared ^by mixing 1 lb. of ivory black, 1 lb. 
molas^, 8 fablespoonfuls sweet oil, and 1 oz. 
of gum arabic, dissolved in 2 quarts of vinegar 
anai lb. of oil of vitriol 


Fdste blacking. Mix 16 oz. ivoiy black, 
16 oA lampblack, 6 oz. treacle, 6 oz. vinegar, 
and f oz. sperm oil. Mix and add gradually 
4 oz. sulphuric acid. When intumescence 
ceases, add ^ oz. of iron sulphate, 6 oz. gum 
arabic, and 6 oz. water (Pharm. Formula. 
1908, 378). 

Sticks of blacking of plastic consistence are 
made from the following : 6 oz. .stearin, 6 oz. 
paraffin wax, 2^ oz. camauba wax, 2| oz. 
lustrous pitch, and 7 oz. turpentine (Pharm. J. 
Pat. 26G4, 1908). 

IJiscox describes the following paste : 122 
parts Marseilles soap, 61 parts poiassium car- 
bonate, 600 parts beeswax, and 2000 parts 
water are mixed with constant stirring and 
153 parts rock candy (powdered), 61 parts gum 
arabic, and 1000 parts ivory black are added 
with constant stirring. 

Boot polish, 6^ oz. ozokerite, 2 lbs. oerasin, 
5J oz. camauba wax, If oz. beeswax, 4 pints 
turpentine, 2 lbs. lampblack, 20 grams black 
aniline dye, and perfbme added if dosned (Pharm. 
J. 1908, 606). 

Self-shimng blacking. Dissolve 4 oz. gum 
arabic. If oz. coarse sugar, f pint good black 
ink, and 1 oz. sweet oil, rub in a mortar, add 

2 oz. strong vinegar, and add lastly 1 oz. rectified 
epirits (Scientific Amer. 1903, 39). 

French shoe dressing. 32 oz. vinegar, 8 oz. 
logwood, and f oz. potassium dichromate are 
boiled and strained whilst hot into a mixture of 
4 oz. gelatine, 4 oz. tragacanth, 4 oz. glycerol 
and 16 oz. water. The mixture is aUo^^ to 
stand for some hours: 2 oz. indigo are then 
added, and the whole triturated m a mortar 
(Pharm. Form. 1908) 

Boot-top liquid. 1 oz. exalic acid, 1 oz. zinc 
sulphate, dissolved in 30 oz. water. Apply 
with a spon^ to the leather, which has been 
previously washed with water, then wash off 
with water, and dry (Workshop Receipts, 1909, 

123) . 

For kid shoes. 2 oz. gum shellac, 1 oz. 
aqueous ammonia, 8 oz. water, and aniline black 
enough to colour. The first two ingredients 
are heated almost to boiling, and water is 
added to make the whole measure 16 oz. 
(Scion. Amer. 1903, 39). 

Waterproof blacking. 6 oz. caoutchouc and 

3 lbs. hot rape oil are added to 20 lbs. ivory black, 
16 lbs. mcCassos, and 6 or 7 gaU. vinegar in which 
6 oz. ground gum arabic has been dissolved; 
then add 4 y^c'^J-dpburio acid and stir con- 
stantly. Allow to stand for 2 weeks, then add 
1 lb. fine gum arabic. Stir daily durirm z 
weeks, and bottle (Workshop Receipts, 1^, 

124) . 

For dress boots. 8 oz. gum arabic and 2 Oz. 
molasses dissolved in 2 oz. ink and J pt. 
vinegar. This is strained, and 2 oz. spirits of 
wino added. 

BLACK-JACK. A miner’s term for blende, 
or zin« sulphide {v Zinc). V. Zinoblsndb. 

BLACK LEAD. The common name of 
pluftibago or graphit0»(v. CkRBON). 

BLACKLEY BLUE v. Indpunbs. 

BLACK LIQUOR. Ferrous acetate {v. Aoxtzo 

ACID). 

BLACK MUSTARD SEED OIL v. Bapb on. : 
Oms and Fats. 

BLACK TELLURnm v. Tilltwuk. 
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BLACK TIK 1 Tin. 

BLACK VABMI8H or BLACK J/pAN v. 

Varnish. * * 

black WAD V. Manganese 

BLACK, WOQL, v. A’/o- colouring 

MATTERS. 

BLANK FIXE. Trade name for ground 
barium suiphate used as a pigment (i’. 
Barytes). 

BLANKIT. A trade or factory term for 
sodium hydrosulphite. 

BLANQUETTE. A land of crude soda, loss 
caustic than barilla, obtained at Aigues-Mortes 
by the incineration of SaLsola leak 

BLAST FURNACE GAS ?>. Fdel. 

BLASTING GELATINE AND POWDER 

Explosives. 

BLAU or BLUE GAS. A mixtuieof volatile 
hydrocarbons, e.g. propane, butane, the pen I 
tane'’, &c., containing hydrogen and methane, | 
&c., in .solution under pressure. The pressure 
solution is filled into steel cylinders, and is thus I 
available for transport. Used for illuminating, 
heating, and power purposes (Hallock, J. Soe. 
Chem. Ind. 1908, 560). 

BLEACHING. This term signifies tho art 
of destroying tho natural colour of vegetable 
and animal products in such a manner as to 
leave them unimpaired with as white an appear- 
ance as possible. The removal of certain other 
natural or artiheial impurities usually accom- 
panies the bleaching proper. The art acquires 
its greatest importance in connection with the 
textile fibres, cotton, linen, wool, and silk; hence 
special reference wW be made to the modem 
methods of bleaching these materials. 

Cotton bleaching. Cotton is ilsnally bleached 
in the form of yarn, thread, and fabric, seldom 
as loose cotton-wool. The natural impurities 
occurring in raw cotton amount to about 
6 p.o., and consist chiefly of pectio matters ; 
other substances present are brown colouring 
matter and very minute quantities of a fatty 
acid, cotton wax, and albuminous matter. The 
soiled grey appearance of raw cotton- wool, yam, 
and thmad is almost entirely due to the presence 
of these natural impurities. Cotton cloth or 
calico, however, is still further contaminated 
with flour or starch, fatty matter, aChina clay, 
and other mineral substances, all of which, to 
the amount of 30-50 p.c., j|^.^een introduced 
during the sizing of the warp. 

* Cotton yarn and thread bleaching. If the 
cotton yam is in the form of * warps,’ these are 
loosely plaited by hand or machine in order to 
reduce their inconvenient length ; if in the form 
of ‘ hanks,’ these are bleacned separately or 
linked together in chain form ; weft yarn is 
sometimes bleached in the form of ‘oops,* i.e. 
ready for the spool of jbhe weaver’s shuttle. ' 

The sevoraJi operations of the l;))eaohing 
process for 1600 kilos, yam, employing low 
pressure kiers, are as follows • 

1. Ley-hoil. litres caustic soda (sp.gr. 

M6), 2000 litres water, boil 6 hours; 

,, wash in kier 1 hour. 

2. Ohmichitig, Bleaching-j^wder solution 

(sp.^. 1*006), steep undenksieve 2 hours ; 

wash under sieve hall an hour. 

8. Stming, Sulphuric acid (sp.gr. 1*005), 


steep undet sieve hall an nooi vaeh 
under sieve half an hour and afterwatcli 
• in washing maohinl. , 

4. 8 japing and blueing. Soap solution 
about 6 grams per litre, with addition 
of small quantity of indigo-purple (indi- 
gotin monosuipnonate of soda), steep 
2 hours under sieve. • 

6. Dumping. Pass through dumping ma- 
chine containing soap solution and 
indigo-purple, as in operation No. 4 ; 
wash, squeeze or hydro-extract, and 
dry. 

The first, second, and third operations are 
repeated in the case of thread because of its 
closer texture. For the second ley-boil, 30 litres 
caustic soda (sp.gr. 1*16) and 15 kilos, soap are 
used ; the chemioking and souring %.re exact 
repetitions. 

The ley -boil takes place in laree iron bBilers 
or ‘ kiers,* a representation of which is shown 
in Fig. 1. 

1’ho boiler a has a central puffer pipe, B, fur- 
nished with a l^onnet or spreader, m, at the top ; 



0 is a perforated false bottom ; n is the lid 
hinged at e and capable of being readily lifted 
by means of a chain and counterweight ; » is 
an air valve, l a steam pressure gauge ; H and 

1 are the steam and liquor pipes oonnooted by 
the two-way valve K with the pipe J, which 
enters the Ider immediately below the puffer 
pipe ; o is the let-off valve. 

When such a kier has been charged with 
yam and caustic soda solution, the lid is fastened 
down and steam is admitted. The liquor below 
the false bottom soon begins to boil, and as the 
pressure of steam increases, a portion of the boil- 
ing liquor is forcibly ejeot^ ^ the puffer pipe 
and spread over the yam. '!me liquar dmi^ 
through the yam, soon to be ejected as be{c|p; 
In this intermittent manner the circulation of 
the boiling liquor is maintained. • 

The apparatus for chemicking, souring, wash- 
ing under sieve, soaping and blueing, shown in 
I Fig. 2, consists of- a stone tank, x, with pet- 
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forated false bottom f, and communicating by 
tba» valve o with the stone tank d below. The 
chain of, yarn is dfawn from the kier etad led 
into the tank b by means of the \lrinoh A. 
When B is suitably filled with yarn, the liquor 
in tank d is raised by the pump o to the sieve 
f', whence it drains through the yam into the 
well below, again to be pumped up as before ; 
B is the eccertrio wheel on revolving sh^ft by 
which the pump is worked. 

The * dumping ’ machine referred to consists 
of a pair of heavy wooden rollers placed over a 


* cross-^ound spools' (^ebeesos*). The oops 
may be^ packed in wicaer baskets or in linen 
bags »ni boiled in an ordinary kier, or they are 
treated 'in special cop-dyeing apparatus. It is 
preferable to use a solution of sodium hypo- 
chlorite in place of a bleaching-powder solution. 

Cotton-cloth or calico bleaching. Accord- 
ing to the purpose for which the bleached 
material is intended, we may disting\psh between 
the madder bleach, the market hl^h, and the 
Turkey-red bleach. 

The madder bleach. This, the most thorough 

-1 1.1 1 . • 1 : aU 


large wooden tank: containing the soap solution, j kind of calico bleaching, is in general use with 

^ calico-printers. It aims at 
entirely removing every im- 
purity which will attract 
colouring matter in the madder 
or other dye- bath, so that the 
finished print may have a 
pure white ground. 

Before proceeding to the 
actual bleaching process the 
preliminary operations of 
stamping, stitching, and singe- 
ing have to be performed. 

To recognise each piece of 
cloth and to trace damages, 
the ends are stamped with 
numbers and letters, usually 
with thick gas tar, occasion- 
ally with aniline black. The 
jiieces are then stitched to- 
gether by machine. 

The singeing operation is 
for the purpose of burning 
olT the loose fibres on the 
surface of the calico, since 
they interfere with the pro- 
duction of fine impressions, 
and are apt to give rise to 
certain defects during the 
printing process. It is per- 
formed % rapidly passing 
the cloth in the open width 
over red-hot copper plates or 
cylmdors, or over a row of 
Bunsen gas flames. We may 
distinguish, therefore, between 
plate singeing and gas singeing, 
the former being generally 
preferred for thick heavy 
cloth, the latter for light thin 
cloth, muslins, &c. 

plate singeing it is im- 
portant that the plates be kept , 

at a uniform strong red heat 

sufficiently hi^h to overcome 
the cooling action of the rapidly 
moving cloth. The best results are oMained 
by means of the ‘ singeing roller,’ which con- 
of a slowly revolving copper cylinder 
through which a furnace flame is conauoted. 
In this case the cloth presses continually against 
a different portion of the red-hot surface of the 
roller ; the cooling action is thus reduced to a 
miniitium, and a regular even singe is the result. 
All singeing machines .are provided with 





Fig. 2. 


The upper roller is covered with cotton rope 
and rests loosely on the lower one. The yarn is , 
first passed through the soap solution and then j sists 
between the squeezing rollers ; the irregularities 
caused by the linking or plaiting impart to the 
upper roller a constant jumping motion, which 
thus effeotuaUy cleanses the yam and presses 
the soap and blue into the fibres. 

Whe% hank yam is not linked to form a I 


but treated as separate hanks, ’ wash 
ioks’ Ip which the yam is subjected to the 
beating' aotio»w heavy wooden hammers, 
replace the dumping machine. 

BteMhlng of yarn In the form o! * eops ' or 


lever arrangements for immediately removing 
the cloth from the hot plate, or the gas fla^e 
from the cloth, in case of necessity; further 
d^ger from fire is avoided by causing the 
singed cloth to pass at once between a pair of 
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roltere moistened witti water, or throu^ll a «mall (solid), water 37,000 litres; boil 12 

steam chamber, in order to extinguisw sparks hours. ^ 

adhering to the cloth. 4 o » 3rd. 380 kiloju® soda asji, water 

The above preliminary operations ^e now ^ 37,000 litres ; boil 3 hours ; wash, 

succeeded by those of the bleaching proper. 6. Chemicking. Pass through bleaohing- 
The following is an outline of the process at powder solution (sp.gr. 1’0026);' pile 

present in use for SPl,000 kilos, cloth, employing 2-12 hours ; wash, 

low-pressure kiers : — 6. White-sour. Pass through hydrochloric ^ 

1. Wash after singeing. or sulphuric acid (sp.gL 1‘01); pile 

2. Lime^oil. lOOO kilos, lime, water about 1-3 hours. 

37,000 litres ; boil 12 hours ; wash. 7. Wash, squeeze, open out, and dry, ^ 

3. Lime sour or grey-sour. Pass through 1. Wash after singeing. From the singeing 

hydrochloric acid (sp.gr. 1-01); was£ house the cloth is passed through the washing 

4. Ley-boils. Ist. 340 kilos, soda ash, water machine in rope form, then plaited down on 

about 37,000 litres ; boil 3 hours. the floor and allowed to lie ‘ in pile’ for some 

2nd. 8G0 kilos, soda ash, 380 hours to soften. By this Operation the cloth is 
kilos, rosin, 190 kilos, caustic soda well soaked with water, and is thus better pre- 
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pared to absorb the liquors used in the sub- strands of cloth ; s, s are strong brass rings or 
sequent operations, Shoulflim4.‘c»iloth be heavily ‘pot eyes’ through which the cloth enters 
^zed, much of the adventitious matter is also the machine, and which can be set at any angle 
removed at tWs stage. to regulate its tension ; k and w are the screws, 

The form of washing machine generally levers, and weights for regulating the pressure of 
employed is shown in Figs. 3 and 4. It con- the squeezing rollers against each other. Tim 
sists of a water trough, b, above which a pair action of this machine is such that the cloth is 
of heavy wooden squeezing rollers, a, a, are sup- continuously being soaked with water and then 
ported. Two strands of cloth are washed simul- squeezed, thus causing a vigorous stream of, 
taneously ; thev enter the machine at the ends, water to flow dovm the upward-moving strands 
pass between the squeezing rollers, then round of cloth. 

the roller e in the water trough, again between 2. Lime-boil (lime- bowk, bucking, bowking). 
the rollers a, a, and thus travel spirally towards The pieces are run through milk of lime supplied 
the centre of the machine, whence the;;^ are to a washing machine of small dimensicme-^ < 
drawn out by a winch and piled on the floor, generally termed the ‘ liming machine '--and a^ 

A constant stream of water from tho main at once drawn by winches into the lime kietli 
a enters at the centre of the trough by the carrying with them the lime they l^ve absorbed, 
tep % irty water flowing out at both ends ; | The cloth is plaited in regular lolds and miXl 

c, C are wooden guide pegs to separate the several I tramped down by boys, who enter the kiers. 
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After adding the neoessaiy amount of water, 
thn boiling and oiroulation of the liquor takes 

{ )lace as^ already described in the oase^of the 
ey-boil of cotton-yam bleaching. ^ 

The lime- boil has for its object the decom- 
position of the fatty, waxy, and resinous im- 
purities present in the cloth. Though not 
removed, but adhering still to the fabric in the 
form of lime-ooaps, their altered condition^facili- 
tates their removal by the subsequent processes. 
The starch of the size is removed, and the 
colouring matter of the fibre is modified. Lime 
is preferred to caustic soda because it is cheaper, 
and much more ejffective in saponifying neutral 
fatty matter than the caustic or carbonated 
alkalis ; indeed, wifh the exception of barium 
hydroxide, it seems to be the most energetic 
saponifyiwg agent which could be used in cotton 
bleaching. 

Jk is very essential to have a suflSciency of 
water in the kier, so that it stands at least about 
2 feet above the false bottom ; otherwise the 
cloth, either at the top or bottom of the kier, is 
very apt to be tendered, probably because it 
becomes oxidised by the action of the steam 
upon the cloth in its limed condition. On the 
other hand, an excess of wkter in the kier is to 
be avoided, sinSe then the cloth is apt to float 
and be*oome entangled, or damaged by rubbing 
against the sides of the kier during the boiling. 
\^en closed high-pressure kiers and live steam 
are employed, the increase in volume of liquor 
by the condensation of the steam must be taken 
into account, and, if necessary, a little liquor 
must be allowed to escape. 

Of the several varieties of kier which have 
from time to time been introduced in practice, 
mention may be made of ‘ Barlow's kiers,' 
These are always worked in pairs, and so 
arranged that the top of one kier is connected by 
a pipe with tlie boktom of the other ; the pipes 
which enter at the top and centre of each kior arc 
continued as perforated pipes or ‘ distributors ’ 
to a little above the false bottom, and then to 
the bottom of the kier as a stay. Both kiers 
having been jcih argod with cloth, the necessary 
amount of water is run into one kier only ; high- 
pressure steam is then admitted at the top, and 
the liquor forced out below enters the distributor 
of the other kier at the top and permeates the 
cloth.* When all the liquor has been thus 
transferred, the taps are reversed so that the 
steam forces the liquor in a similar manner back 
into the first kier. This alternating process and 
circulation of the liquor is continued for about 
seven hours. 

Pendlebury’s arrangement of kiers is pre- 
cisely similar to that of Barlow, the only dififer- 
enoe being that one kier is smaller and serves 
only to hold the liquor each time it is forced 
through the cloth contained in the larger kier. 
The furangement is cheaper, more economical 
as regards space required, and is suitable for 
small requirements. 

In the vacuum kier of Mason and others, 
the circulation of the liquors is effected by means 
of « pwap. After filling the kier witli cloth, 
^ air is pumped out and the boiling liquor is 
tEen a<jBiitted in this manner a more perfect 
penetration or ihe material by the liquor is 
Obtained. 

The in^ecior hier of Mather and Platt is 


I shown U Fig. 6. a is the kier filled with cloth ; 
B, B ai« the steam pipes; o is the injeotor; and 
D th^ rirculating pipe ; F is the liijuor pipe 
which <water or other liquor is admitted ; E, 1 w 
the draw-off valve and waste pipe. When the 
kier has been suitably filled with cloth and liquor, 
steam is turned on, and, by the action of the 
injector c, the liquid is withdrawn from the kier 
below, forced up the pipe d, and spread over 
the cloth at o. Temporarily collecting at h, 
the liquor is gradually drawn through the cloth, 
and in this manner a continual curculation of 
liquor is maintained. 

3. Lime-sour (grey-sour). After the lime- 
boil the pieces are washed, then passed through 
a w'ashing machine fed with dilute hydrochloric 
acid, and, if convenient, at once washed. 

; The object of the lime-sour is to decompose 
the insoluble lime-soaps fixed on the cloth during 
the lime- boil, and to dissolve and remove the 
lime, also any iron or other metallic oxides 
present. Experiments by A. Scheurer show also 
that the use of the li mo-sour makes it less 
essential that complete saponification of the 
fatty matter should take place during the lime- 
boil than would be the case if it were omitted. 
This is so because the free fatty acid liberated 
during the lime-sour greatly facilitates the 
saponification of any undecomposod neutral fat 
during the succeeding ley-boil, since the soap 
which the fatty acid then forms emulsifies the 
neutral fat and exposes it to the action of 
the alkali employed. Hence the adoption of 
the lime-sour is equivalent to shortening the 
time of the lime-boil. A continual flow of fresh 
dilute acid into the machine must be maintained, 
and, since it is rapidly neutralised by the lime, it 
is well to ensure a constant .plight acidity of the 
liquor by occasionally making acidimetrioal tests. 
HydrocUoric ajid is preferred to sulphuric acid, 
because it gives the more soluble calcium 
chloride. The soured cloth should never be 
permitted to remain long exposed to air, 
especially air currents, otherwise the acid is apt 
to concentrate in the exposed portions and thus 
tender the fibre. 

4. Ley boil. ^ This operation takes place in 
the same kind of kiers as are used for the lime- 
boil. The fatty acids resulting from the deoom- 
positioii of the lime-soaps during the grey-sour, 
also the browTi colouring matters, are removed 
during thk operation. Its special feature is 
the use of resin -soap, which greatly facilitates 
the removal oj^f aj t.v matter b^ exercising a 
purely mechaffTcal "emulsive action, the alkali 
present being then able more readily to saponify* 
the emulsified fats, particularly those neutral 
fats which perchance have escaped the action of 
the lime-boil. Ordinary soft-soap acts in a 
similar manner, but resin-soap is cheaper and 
bettor. A. Scheurer finds by experiment that, 
after caustic lime, the most rapid saponification 
of a neutral fat spotted on a piece of calico is 
effected when boiling under pressure at 120® C., 
by a solution containing 10 grams anhydrous 
caustic soda and 2J grams 'resin per litre. In* 
creasing the amount of rpin does not hasten 
saponifacation, though this is done by increasing 
the velocity of the circulation of the solution. 
Indeed, with circulation even a more rapid sit- 
ponification tis effected with caustic so^ and 
resin than with lime. 
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The prelimiiiftry short boiling with sod* aidi, 
srhioh is sometimes replaced by merely ^king 
the cloth in a weak solution of soda (‘fwpet- 
sning *), prevents tendering of the cloth by 
aeutralising any traces of acid left in by reason 
jf insufficient washing after souring. The boil- 
ing with soda-ash af^r the resin-boil is for the 
purpose of completing the removal of fatty 
matters and any undissolved resin, which other- 
wise give rise to brown stains. Immediate re- 
moval of the cloth from the kicr and washing 
is necessary to prevent the production of iron 
itains. 

6. Chtmicking. The application of the 
aleaching-powder solution takes in w<i‘-h- 
ng machines of the ordinary kind, iiut provided 
vith stone instead of wooden trough.^, because 
)f their weater durability. The bleai'liing action 
lakes place essentially during the l^ii.g-in-pilc 
3r exposure to air of the cloth sal ur.aied v ith t l.e 
solution of bleaching powder ; ihc <‘arboni(‘ tu id 
3f the air liberates hypochlorous acid, and tlii<, 
in the presence of the fibre, at once deconi||i)'-«‘'.. 
y'ielding hydrochloric acid and ow- 
jjen : in the moment of its prodiic- 
bion the oxygen oxidises and desf ro \ s 
the traces of colouring metier 
present in the fibre, thus giviutr it 
the liighest degree of white- 
ness. L. ' 

It is necessary to avoid 
the use of strong solutions 
of bleaching powder, other- 
wise the fibre itself is at- 
tacked, oxycdlulose being 
produced ; and even if the 
cotton is not tendered there- 
by it is still apt to acquire 
brown stains during subse- 
quent operations employed 
by the calioo- 
printer, e..g. steam-—.—- — 
ing, or to produce / “'f 

uneven shades in ^ 
dyeing. 

6, White-sour. This 
operation is similar to the 
lime-sour already described, 
except that sulphuric acid 
is usually employed instead 
of hydrochloric acid, chiefly 
because of its lower cost. 

Its object is to decompose 
and remove traces of 
undecomposed bleaching 
pbwder, lime, iron, and the r' 

oxidised colouring matter. . . 

7. The final washing 
must be as thorough as 

possible in order to ensure the removal of all 
traces of acid, which, if left in the cloth, would 
inevitably tender portions of it during the drying 
process. After washing, the cloth is specially ^ 
squeezed by passing through a pair of heavy i 
wooden rollers, or through the modern gi^oved | 
brass roller and disc machine of W. Bijeh. , 
The chain of cloth then passes in a horizontal, . 
loosely hanging position, between a pair of 
rapidly revolvmg, double-armed winches or 
scutchers, which effectually shake out the 
twist from the strand. . Thus opene j put to the 
fall width, the cloth is dried by passing over 


steam-heated copper eylinders, and folded. 
The time usually required to complete th^ 
madder bleach is four to five days. , 

The nfarket bleach. In market bleaching 
the object is simply to give a brilliant white 
appearance to the calico or other similar material, 
to fit them for immediate sale in the market 
as finished white goods. It is not necessary to 
have tl#B calico ‘ well bottomed ’ — wc. cleansed 
from all colour-attracting impurities, since no 
subsequent dyeing or printing is intended. The 
operations are for the most part 
identical with those of the 
madder bleaching process. The 
modilication' ml ro<!iic(-(l are 
shown III llie foll'.wvmg oullme 
of th(‘ pivKO". intended for 
kilo*- eloth. emnlovmg 
'•[sen (/I low prosbun kiers : — 



Fia. 5. 

1 Lime-hoil 1440 kilos, lime, water 
about 37,000 litres; boil 12 hours; 
wash. 

2. Lime-sour. Hydrochloric acid (sp.gr. 

1-01); steep 2-4 hours ; wash. 

3. First ley-boU or grey-bail. 240 kfios. 

caustic soda (solid), about 37,000 litres 
water ; boil 12 hours ; wash. 

4. ChemicHng. Bleaching-powder solution 

(8p.gr. 1 ’005) ; steep 2-4 hours ; wMh# 
6. Second ley-boil or white-boiL 240 kilos, 
soda ash, about 37,000 litres water; 
boil 12 hours ; wash. f 



m 

6. White-9our. Sulphuric acid (sp.gr, 1*01) ; 

c steep 2-4 hours ; wash. 

7. ^int with blue ; squeeze dry. ' 

More or less elaborate finishing operations 
follow — e.g. starching, calendering, beetling, 
stentering, &o. Some bleachers mtroduce a 
white-sour between operations 4 and 6, and a 
second chemicking between operations 6 and C. 
The absence of resin-soap in the ley^boils is 
characteristic. 

The Turkey-red bleach. This is merely a 
curtailment of the foregoing processes, and is 
specially intended for yarn or cloth to bo sub- 
sequently dyed plain alizarin -red or Turkey-red. 
In it the operation of singeing and the application 
of bleaching powder are omitted, since they 
diminish the fulness and brilliancy of the 
Turkeycred dye ; the use of the latter is to be 
avoided, because it gives rise to the i>roduction 
of f oxycelluloso. The use of resin-soap is un- 
necessary, and the process is limited to the 
following operations : — 

1. Wash. 

2. Boil in water 2 hours ; wash. 


LeU'hoiU, 

1st. 90 litres caustic soda (sp.gr. 

1*36), about 3000 litres water; 

boil 10 hours ; wash. 

2nd. 70 litres caustic soda (sp. gr. 
1‘36); ditto, ditto. 

4. Sour. Sulphuric acid {sp.gr. 1*01) ; steep 

2 hours. 

5. AVash well and dry. 

The above quantities of materials are in* 
tended for 2000 kilos, cloth, with low-pressure 
kier. 

The steamer-kier bleaching process. The 

bleaching processes previously described have 
been in vogue with little change during the 
last forty years ; minor modifications have 
certainly been introduced, but the chief im- 
provements have always been in respect of the 
mechanical appliances employed. 

In 1883 Thompson patented a bleaching 

process in which the goods contained in an 
air-tight kier arc submitted to the action of 
bloaching-powder (Solution and of carbonic acid 
alternately. 
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In 1884 W, Mather, of the firm of Mather ^ 
Platt, Manchester, devised an improved arrange- 
ment in which the calico could bo passed con- 
tinuously through chambers or tanks containing 
the two necessary agents mentioned. 

The BO-call^ Mather- Thompson process 
results from a combination of the two processes 
here indicated. With regard to the pnncijik's 
of the prqcess there is nothing neu*, for the 
application of carbonic acid in connection with 
bleaohing-powder solution was patented by 
P. F. Didot in 1855, vhile the steaming of goods 
impregnated with alkali was patented as far 
back as 1800 by J. Turnbull. 

The novelty oonsisti? essentially in the ma- 
chinery employed, by which the duration of the 
bleaching process is very much shortened, and 
othci; material advantages are gained. 

In the following year Mather introduced the 
' W)-called steamer-kier, in w*hich the goods, 
%revi(|usly irc^regnated with dilute caustic soda, 
were subroil^ to the action of low-pressure 
steam. 

The steamer-kier consists of a strong wrought- 


iron horizontal boiler, one end of which can 
be closed by a specially constructed sliding door. 
At the side of the kier stands a centrifugal 
pump connected with the top and bottom of 
the kier,' and also with liquor tanks beneath, 
so that either boiling water or dilute caustic 
alkali solid ic.- bo sprinkled on and cir- 

culated through the goods. Figs. 8 and 7 shqtv 
the general disposition of the steamer-kier. 

Two waggons of cloth having been run into 
the kier, and the- door closed, steam is admitted 
till the pressure roaches a maximum of 4-5 lbs. 
During the steaming or boiling process, a 
I continual sprinkling of the cloth with dilute 
I caustic soda (sp.gr. 1*01-1*02) is maintain^, 

! in order to keep the cloth well saturated with 
! liquiiF, and thus prevent oxidation and oonw- 
qu§nt tendering of the fibre by the action of the 
; 6 team. The excellerft circulation of the liquors 
1 in the steamer-kier is at notew’ori hy and most 
j important feature, since it greatly facilitates the 
1 saponification of the fatty matters on ^e cottOT. 
I After steaming, the liquor is run on, the Wot 
is almost" filled with hefb water, and this is oh' 
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‘tmlatedthroogli the cloth by means of fhec lntri- Idecomposition of any insoluble fatty acid com- 
fttgal pump for one hour. A similar washin^with I pounds present in the grey cloth ; it remov^ 

calcareous or other mineral nvatter soluble in 


fresh hot water takes place during another^our. 

Each kier is provided with two pai);8®of 
waggons, so that \toe the goods in one pair are 
being steamed, the other pair can be emptied 
and refilled with cloth ueady to be steamed. In 
this manner the operation of steaming is ren- 
dered as continuous as possible and a very great 
saving of time is effected. 

The following details have been furnished by 
H. Koechlin, of the Loerrach Printworks : — 

To effect the madder bleach by the steamer- 


acids, and modifies any starchy matter present, 
probably rendering it more soluble. The addi- 
tion of the small proportion of the reducing agent, 
bisulphite of soda, along with the caustic soda 
in the preparing process, is intended to prevent 
any oxKj|^tion and consequent tendering of the 
cotton during the steaming process. 'The use of 
rosin-soap along with the caustic soda, combined 
with the perfect circulation of the liquor, is 
very material to the success of this method of 


kier process, the continuous bleach with the madder bleaching, for reasons already stated, 
application of carbonic acid, &c., is omitted, the According to H. Koechlin, this method gives 
oHer method of chemicking and souring being a perfectly satisfactory bleach. The white is 
preferred. Those who consider the lime-boil as not permanently stained in an alizarin dye-bath, 
essential may apply it equally well by means of and does not become yellow on steaming. ^ 
the steamor-kior. 

The operations in this case are as follows : — 

1. Lime-boil {or steam). Run through milk ! 

of lime, 60 grams per litrOj and pile in ' 
steamer- waggon ; boil in steamer-kier 6 , 
hours at 10 lbs. pressure, circulating 
2000 litres water. Wash in kier with 
hot water. 

2. Sour. Sour as usual with dilute ITCl 

(sp.gr. 1016); pile 2-3 hours, and' 
wash. 

3 Ley-prepare. Pass through NnOH solu-l 
tion (sp.gr. 1 *006-1 01 ), heated to 70" C. , 
and pile.in steamer-waggon. | 

i. Ley-boit {or steam). Boil 6 hours in 
steamer-kier at 10 lbs. pressure, with; 
circuUtion of rosin-soap liquor; 40 1 
kilos, soda ash, 20 kilos, resin, 1000, 
litres water. Wash four times (J-l 
hour each time) with boiling water, and 
finally with cTild w^ater, in kier. i 

6. Chemicking. Pass as usual , through di-, 
lute bleaohing-powder solution (sp.gr. J 
10026) ; wash, | 

Q.*^8our. Pass as usual through dilute sub' 
phuric acid (sp.gr. 1*01); wash and 
dry. 

Perfectly satisfactory results, however, are 
obtained by even omitting the Ijmo-boil and ' 
proceeding as follows : — 

1. Sour. Pas-s as usual through dilute IlaSOi 
(sp.gr. 1*015) ; pile 2-3 hours ; wash 
and squeeze. 

/iey -prepare. Pass through fjiUowing 



A noteworthy invention of Dr. G. Lunge is 
the application of acetio acid in connection 
with bleaching powder, in place of mineral 

, , o I acids or carbonic acid. It can be applied im- 

Bomtion at 70® C. : 20 litres bisulphite mediately before or after, or even Along with, 
of soda (sp.gr. 1*3), 20 kilos. l^aOH j the solution of bleaching powder. It liberates 
(solid 72 p.o.), 1800 liIRs v^Jter ; pile in > hypochlorous acid with formation of soluble 


9 steamer- waggons. 

3. Ley-boil {or steam). Boil in steamer- 

kier 6-8 hours at 10 lbs. pressure, with 
circulation of ream-soap liquor: 20 
kilos. NaOH (solid 72 p.c.), 40 kilos, 
soda ash, 20 kilos, rosin, 2000 litres 
water; wash 4 times (^1 hour each 
time) W'ith boiling water, and once 
with cold water in kier. ^ 

4. Chemicking. , As above. 

6. Sour. As above ; wash and dry. • 
With the exception of the employment of 
the fteamer-kier and the use of bisulphite of 
soda, this process is essentially the same as that 
em^oyed for many years with success by Messrs. 
Gufiaame Fr^res oi St. Denis. ^ 

The preliminary souring process effects the 
Voi.. I.— 3’. 


calcium acetate. When the hypoohlorous acid 
exercises its bleaching power, it gives up oxygen 
and produces hydrochloric acid, which immedi- 
ately acts upon the calcium acetate. In this 
manner the acetio acid is reproduced, and is thus 
ready to decompose fresh portions of calcium 
hypochlorite. ^ 

Hadtield and Sumner patented a process in 
which the cloth, after having been impregnated 
Avith a solution of bleaching powder, is passed' 
through a box containing acetic acid vapour., 

A solution of sulphurous acid has beenansed ^ 
by some bleachers for the final souring process 
in place of sulphuric acid, over which it possesses 
the advantage of being an antiohlcsr, m oonuse- 
quenoe of its reducing action. 

The Walsh kier. In this kier, shown in i%a. 

2 n 
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8 and 9, which is very largely used, the boiling 
liquor is circulated by means of a centrifuga] 
pump, and it ia>. heated in a speciaj heating 
arrangferaent outside the boiling kier.^ 

In the Bentz-Edmeslon and in the Taglianx- 
Bigamonti kiers the boiling operation is a con- 
tinuous process. Low pressure is usually 
employed, and the impregnation of the pieces 
with the bqilihg liquor in the lower paiji; of the 
kiers is followed by steamniL^ in the upper part. 
Alter the boiling is completed the j.ieces are 



plaited into wooden boxes, in which they are 
allowed to lie for some hours. 

Piece goods, such as heavy twills, &o., 
which are frequently damaged (creased) in or- 
dinary bleaching in the ro^io form, are treated 
in the open width. Special kiers have been 
constructed for this purpose, tlio princijial one 
being the Jackson-Hunt kicr (Fig. 10) 



Fid. 10. 

Previous to boiling in this kier the eloth is 
impregnated with caustic soda ley, which has 
been used in a former boiling, in a specJial 
’batching machine, Iq this the cloth travels 
over a perforated drum, and the soda ley is 
forced through it by means of steam, which is 
blown against it whilst it travels over the drum 
Ultimately, the cloth is wound tightly and evenly 
int^ « batch. 

This batch is now placed on a waggon, 
whi«h is tisansferred to the horizontal bouing 
Idor. c 

Special driving gear is provided, by means 
nf which the cloth is wound off the batch on to 


anotlir batching roller, passing over a heavy 
perforated drum which rests on both batches. 
The GituBtio soda liquor is circulated by means 
of ^Intrifugal pump, and is showered over the 
cloth during its passage over the perforated drum. 

In this kier the cloth is usually boiled under 
high pressure (about 46 11m.). 

In the preparation of sodium hypochlorite, 
solution, by electrolysing a solution of common 
salt two types of processes arc employed, one in 
which the products of electrolysis, viz. sodium 
and chlorine, are not allowed to combine, and 
the other in which they arc allowed to combine 
to form sodium hj’pochlorite 

2 Na 0 H+Cl 2 =Na 0 C 14 -NaCl+H 20 . 

The latter process comes chiefly into considera- 
tion as regards tlie bleaching of textile materials. 

The apparatus used may be divided into two 
i classes, the one in which electrodes made of 
' platinum - iridium are used, and the other in 
which carbon electrodes (highly compressed 
graphite) are employed. 

Iq the Kellner dectrolyser, which belongs to 
the former kind, a centrifugal pump is employed 
by means of which the salt solution is repeatedly 
passed through the apparatus until it contains 
from 3 to 6 grams of active chlorine per litre. 

In the Haas and Oottel eloctrolyser, which 
belongs to the latter kind, the salt solution is 
'electrolysed until it contains from 10 to 16 
I grams of active chlorine per litre, 
j Powerful circulation cf the salt solution is 
I obtained by means of the hydrogen gas evolved 
' during electrolysing. 

.Bleaching by moans of electroIyticoUy pre* 
pared hypo^ilorite solution, although employed 
with advantage in special cases, such as the 
bleaching of cops, is not commonly practised, 
because it is more expensive in its application 
than bleachiig powder. 

The statement that an electrolytically pre- 
pared bleaching solution is more effective than 
a solution of bleaching powder containing the 
same amount of active chlorine, cannot be 
confirmed in practice. 

Permanganate oj potash^ sodium peroxide, 
and hydrogen peroxide give excellent results in 
bleaching. I’lioir price, as compared with 
bleaching powder, is, however, in most instances, 
prohibitive. 

The liistory of cotton bleaching may be 
briefly sfV d to comprise the following noteworthy 
improvements : — 

1. The use oj^ .chlorine gas by Borthollet in 

1787, and dT hypochlorite of lime in 1799 by 
Tennant. « 

2. The boiling with carbonate of soda instead 
of caustic soda,, alter the lime-boU, introduced 
from America about 1837. A more effectual 
decomposition of the lime-soaps was thus 
obtained. 

5. The adoption of the lime-sour, as proposed 
by A. Scheurer-Rott in 1837. 

4( The use of resin-soap in the ley-boils 
about the same period. 

< 6. The introduction of high-pressui-e boiling 
kiers about 1844, 

6. The use of caustfb alkali and resin-soap 
in conjunction with the sioamer-kier, to the 
exclusion of the lime-boil, in 1883-84. 

Linen bleaching. Since the retted flax fibre 
contains a much larger proportion of natural 



I LEACHING. , 611 

impurities than cotton, e.g. 25-30 p.c. of Jpectic 30 kilos, oaustio soda (solid), 30 

acid, heside fatty matter, &o., linen is pot so kilos, resin, previously boiled together 

readily bleached as cotton. In the main* how-^ •vpth water; secondly, boil (i-'l hours 

ever, the methods adopted for the two fibAs are with 2000 litres water, 16 Mos. caustic 

the same. Linen is bleached in the form of yam, soda (solid), previously dissolved 

thread, or cloth. wash. 

Linen-yarn bleaching. Very frequently linen | ' 4. Ex'pose in field 2-7 days according to the 
yarn is only partially bleached, the process being • weather. • 

completed, if necessary, when the yarn has been 6 . Ohemick. Steep 4-6 hours» in dilute 

woven into cloth. j bleach ing-powder solution, sp.gr. 

The following operations are employed in | 1*0025 ; wash. 

* order to obtain ‘half- white’ or cream, with 1600 i Q. Sour. Steep 2-3 hours in ddiito sulphuric 
kilos, yarn, using low-pressure kiers : I acid, sp.gr. 1*005; wash. 

1. Ley-loil. Boil 3-4 hours in a solution of I 7 . Ley-hoil {scald). Bod 4-5 hours with 

160 kilos, soda ash ; wash and squeeze. ! 2000 litres water, 8-13 kilos, caustic 

2. Chemick {reel). Reel 1 hour in bleaching-' soda (solid) ; w*ash. 

powder solution, sp.gr. 1*0026 ; wash, j 8 . Expose in field 2-4 d&ya. 

3. Sour. Steep I hour in dilute sulphuric 0. Chemick. Steep 3-6 hours in* dilute 

acid, sp.gr. 1*005 ; wash. | bleaching-powdor solution, sp.gr. 

i. Ley-boil {scald). Boil 1 hour in a solution ; 1*0013: wash. ^ 

of 30-76 kilos, soda ash ; wash. At this stage the cloth is examined ; those 

6 . Chemick. Reel in a dilute solution of pieces which are sufficiently bleached are soured 

bleaching powder, sfi.gr. 1*0025 ; wash, and washed, the rest are futther treated as 

0 . Sour. Steep 1 hour in dilute sulphuric follows : — 

acid, sp.gr. 1*006 ; wa.-^h well and dry. 1 10. Bub with rubbing boards and a solution 

If tho yarn should bo bleached more com- ofsoftsoiy^. , 

pletely, then operations 4, 5, and 6 are repeated 11. Expose in field 2-4 d&ys. , 

two or three times, a.s may be found necessary, 12. Chemick. Steep 2-4 hours in dilute 

with this difference, that between 4 and 6 the bleaching-powder solution, sp-gr. 

yarn is ‘ grassed,’ i.e. exposed in the field to tho 1*0006 ; wash. 

action of the air, light, and moisture, for several 13. Sour. Steep 2-3 hours in dilute sul- 
days. By introducing this very gentle method phuric acid, sp.gr. 1*005. 

of bleaching, the full strength of the fibre is 14. Wash, squeeze, and dry. 
better maintained. If tho linen is not brown, but made of yam 

The various operations are conducted in already partly bleached, the above process is 
apparatus precisely similar to that employed in much curtailed, and weaker liquors are employed, 
the bleaching of cotton yarn, except in tho opera- The kiers, chemicking and sourmg machines 
tion of chemicking. Although steeping under the are the same as those used in cotton-cloth bleach- 
sieve in dilute bleaching-powder solution might ing. Tho washing is done in the so-called wash- 
well be employed, it is usual to^suspend the stocks or by slack- washing machines. The latter 
hanks of linen yarn on reels in such a manner that are very similar to the cotton-'v^'ashing machines, 
they are only partially immersed in the solution the chief difference being that the water tank is 
contained in a shallow tank. As the reels revolve divided into compartments, each of which holds 
tho yam becomes thus alternately impregnated a few yards of slack cloth forming each strand, 
with tho solution and exposed to the air. The before it passes through tho Jw^ueezing rollers, 
liberation of hypochlorous acid by the carbonic The ‘ rubbing ’ referred to is fo»4l» purpose 
acid of the air is advantageous, and the bleach of removing mechanically any remaining brown 
is more effective and regular. particles of ligneou 3 «mattcr termed ‘ sprits.* It 

The application of acetic acid, as proposed consists in passing tho chain of cloth through a 
by Lunge, instead of this exposure to air, may solution of soap, and then immediately between 
here be strongly recommended, since then no in- a pair of horizontal, corrugated, heavy boards ; 
soluble lime salt is fixed on tho fibre, anc?tho sub- j the upper board rests loosely upon the lower 
sequent souring is reduced to a minimum. one, and moves lengthwise to and fro, while the 

To avoid the presence of^wust’^ lime, some pieces pass between them at right angles, 
bteachers use hypochlorite of magnesia, as pro- The operation of ‘ turn-hanking ’ consists in 
posed by Hodge, instead of bleaclung powder. , disentangling tho pieces after they have been 
14nen-cloth bleaching. The old method of washed in the stocks, and then refolding them 
bleaching linen olot/ii consisted in alternately for a further wash, thus ensuiing a thorough 
boiling tne fabric with solutions of sodium car- cleansing of every portion of the cloth. When 
bonate and exposing on tho grass, succeeded by slack-washing machines are employed, the 
souring, and rubbing with solutions of soap, operation is of course not necessary. 

The modem method, adapted from that em- The chemistry of linen bleaching is essenti- 
ployed for calico, is given in the following ally the same as that of bleaching cotton. The 
rAsumi. It is intended for 1600 kilos. bJown pectio acid, fatty matters, &c., are rendered 
linen, using low-pre^ sure kiers. — soluble by the alkaline boilings, and the colour- 

1. * Lime-boil. Boil 14 hours with 126 kilos, ing matters still remaining are oxidised and 

lime, 2000 litres water ; wash. destroyed by hypochlorites. The repetition • 

2 . Sour. Steep 2-6 hours in dilute hydro- of these operations is considered necessary by# 

chloric acid, sp.gr. 1*0026; wash in reason of the largo percentage oj impurities 
stocks, tum-hankf wash. present ; but it is very probable that good 

Z, Ley-boils. First, boil 8-10 hburs with results would be obtained by adopting the more 
2000 litres water containing resin-soap ; rational plan of first removing the whole of the 



acids (potash soaps), &o, ; the other 

S teamed ‘ wool-fat,’ is insoluble in water, 

omposed of cholesterol and iso-oholeste- 
fol, \i^iiich exists partly in the free state, but 
chiefly in combination with oleic acid and other 
fatty acids. 

Loose- wool scouring. The object of scouring 
wool is to remove from it the yolk, &o., and thus 
render it more suitable for spinning, dyeing, or 
bleaching. Two methods of effecting it may be 
employed. The one generally adopted is to treat 
the wool with dilute alkaline solutions capable 
of forming emulsions with the yolk ; the other 
mode is to submit the wool to the successive 
action of fat solvents, carbon disulphide, &o., 
and of water. 

Scouring with alkaline solutions. When 
fundamental importance both to the woollen carried out m the most complete manner, this 
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pectio and fatty matters before applying the 
hj^pochlorites. ^ 

A piDoess of boiling linen goods preparatory 
to the bleaching has been patented by Cross and 
l^arkes. The pieces are iirst impregnate with 
a solution of soap, silicate of soda, caustic soda, 
and mineral oil. They are then wound on a 
batching roUer^in a chamber containing steam, 
and afterwaids steamed for some hourd? This 
is followed by boiling with a solution of silicate 
of soda or of soda ash. The goods are finally 
washed; they are now ready for the first ‘ dip.’ 

Wool scouring and bleaching. The bleaching 
of wool never forms a separate industry, as in the 
case of cotton and linen, and, although in itself 
of minor importance, it is ncoessanly preceded 
by the ^ operation of ‘ scouring,’ which is of 


m£^ufacturor and the dyer. 

In its natural condition the wool fibre is 
contaminated with 15-80 p.c. of foreign matter, 
consisting partly of dirt, &c., derived from 
without, but mainly of certain fatty matters 
designated as ‘ yolk,’ secreted by the animal 
from which it is derived. This secretion is 
separable into two parts— Jho one, ‘ wool-pcrspi- 
ration,’ is soluble in water, and con.sists essenti- 
ally <f the potassium compounds of oleic and 


method comprises the following operations : 

1. Steep several hours in tepid water. 

2. Scour 15-30 minutes with dilute alkaline 

solutions (soap, sodium carbonate, &c.) 
• at about C. 

3. irn.v/i with waler. 

1’he , steeping is performed in a series of large 
iron taiiksj in which the wool is systematically 
washed or rather steeped in water heated to 
45® C,, until it is deprived of soluble matter. As 



a rule, two or thiee steeps with fresh water are 
found sufficient; but it is eustomary to pass the 
wash-water through several lots of wool until it 
becomes uielkiaturated with ‘ wool-perspiration.’ 
It is particularly advantageous in the case of 
wools rich in yolk {e.g. Buenos Ayres wool, &c.), 
since it prevents too rapid soiling of the scouring 
ba;th and consequent staining of the wool, and 
thus it tends to ensure more complete scouring. 
By evaporating the waste steeping liquors to 
dryness, and calcining the residue, a good quality 
of potassium carbonate, containing very little 
sodium salts and suitable for glass manufac- 
turers, is obtained. 

The scouring and toashing of the wool in 
order to remove the remaining ‘ wool-fat ’ is best 
performed by the aid of so-called wool-scouring 
machines, one of which (J. & W. McNaught’s) 
is shown in Fig. 11. 

It consists of a large rectangular trough, a, 
with a light frame, b, suspendcKi over it by chains 
and carrying a series of transverse, fixed, vertical 
raket or combs, c. 

The wool, either in its raw condition or after 
^ataopS^, is spread evenly on the moving endless 
Of fe^er d ; it is thus continuously 
introduced ^ one end of the trough. 

Bv suitablo mechanism the frame is lowered, 
and tne wool is at once pressed beneath the sur- 
kmeof the scouring liquor by the perforated tray 


or sieve B When the frame is sufficiently 
lowered, it moves forward, the rakes gently cany- 
ing the wool towards the other end of the trough. 
\^ien the forward stroke is coippleted, the frame 
is lifted up, the rakes rise vertically out of the 
liquid, and the frame returns to its original 
position. By these successive movements the 
wool is slowly passed through the scouring liquor. 
At the delivery end it is carried up the inclined 
plane f Ry the rakes fixed on the small frame o, 
which is hinged to the larger one. Having been 
pushed ovep, th«K ridge, the wool slips down 
between the squeezing rollers H, h, ready to be 
passed through a second similar machine. 

The working of the machine as above de- 
scribed, is suitable for Botany and other fine 
classes of wool. When washii^ low Ope, River 
Plate, and similar wools, which contain much 
dirt and sand, an additional movement is given 
to the rakes while in the liquor. This is effected 
by having the rakes fixed m a second frame, .00, 
which receives a slight backward-and-forward 
movement by means of the rod o and the cain X 
iilring the inward raovement of. the main frame 
BB, to which it is attao4ed. By this means the 
wool is slightly opened out and agitated, and the 
sand and dirt fall through the perforated grating 
LL. When the scouring liquor become* too 
soiled for 'further use, *the steam injectors , HM 
are brought into action in order to stir up fSi 
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sediment, ftnd the dirty liquor is run od^by the 
plue-hole ». \ 

For a complete arrangement there shouM be 
at least three such machines placed in Ime, so 
that the wool passes automatically from one 
to the other. The first contains more or less 
soiled scouring liquid which has been previously 
used in the second trough ; the second contains 
fresh scouring liquid; and the third a continual 
flow of clean, cold, or preferably tepid water. 

The choice of scouring agents depends upon 
the character and quality of the wool. For 
fine lustrous wools and such as are poor in 
yolk, a mild scouring agent should bo selected, e.g. 
soap, ammonia, ammonium carbonate, ‘lant,* 
&o., that is to say, agents whioh^aro capable of 
removing the yolk with the least injury to the 
fibre. The best soaps to use are those which 
are most soluble and least likely to contain any 
trace of caustic or carbonated potash or soda. i 
Should these injurious constituents be present, I 
the soap solution may be ^e-alkalised by the 
addition of a small quantity of boracio rfeid cr 
ammonium chloride, thus yielding the less in- 
jurious alkali borates and ammonia, respectively. 

Potash soaps, being very apt to contain excess 
of alkali, should be critically examined. An 
excellent and very soluble soap may bo readily 
made from oleic acid and caustic soda. 

Although a perfectly neutral soap does not 
always effect a rapid and complete removal of 
yolk, still it is better to adopt it, since one can 
always add the proper quantity of other agents, 
t.g. sodium carbonate, ammonia, &c., when 
necessary. 

For low-class wools containing a large pro- 

S ortion of yolk, and when cheapness is a desi- 
eratum, sufficiently satisfactory results are 
obtained by the proper use of sodium carbonate 
free from caustic soda or other injurious im- 
purity. Suitable sodium carbonates are sold 
under such commercial names as refined soda 
ash, Solvay soda, concentrated crystal soda 
(Brunner, Mond, & Co.), crystal carbonate 
(Gaskell* Deacon, & Co.), &c. 

It is impossible to give precise data with 
respect to the concentration and temperature of 
the scouring solution to be employed, since 
these vary somewhat according to the character 
of the wool operated upon. If the best results 
are to be obtained, the solutions must^lways be 
Applied as dilute and at as low a temperature 
(not above 60® C.) as is consistent with the com - 
plete removal of the yolk. ♦ • 

« The waste scouring liquors are collected in 
large tanks and neutralised with sulphuric acid ; 
the liberated fatty acids are sold to oil refiners, 
who by distillation obtain purer products, 
suitable for making soap. 

Scouring with volatile liquids. This method 
is Still only in an experimental stage. Mechani- 
cal difficulties, the fear of fire and explosions, the 
first cost of the scouring agent, &o., seem to have 
prevent^ the general adoption of this process. 
Its advantages arc that the wool -fat is i^ore 
completely removed th^n by the emulsion 
tneto<^» and the wool itself is not injured. A 
certain degree of success has been obtained by 
the method proposed by T. J. MuUings, and 
tried on a large scale. It consists it^ submitting 
the wool to the actidh of carbon disulphide 
in a oentx^ugol machine until the whole 


of the woobfat is dissolved, then expelling toe 
solvent Jby means of water, aigl not as heretofore 
by heat «r steam, which always leaves the wool 
with a yellow colour. The wool must afterwards 
be washed in warm water to remove woqj- 
perspiration and other impurities. The wool 
cleansed in this manner is said to be stronger, 
capabb of spinning finer yarn” and with lees 
waste “^and at less cost than if sedurod by the 
ordinary method with soap. 

The same principle is adopted in the process 
of Singer & Judell of Adelaide, who employ, 
however, a more elaljorato and more perfect 
apparatus, whereby the scouring is made con- 
tinuous. The raw wor)l is placed on a feeding 
apron and carried along between two broaa 
endless bands of wire gauze, first tl^rough a 
succession of fourteen tanks containing carbon 
disulphide and then through five containing 
water, aU suitablv enclosed. The wool, still neld 
between the wire gauze bands, then passes 
between hot rollers in a steam-heated ^ying 
chamber and emerges in a scobred, washed, and 
dried condition. Arrangements for automati- 
cally collecting the dirt which settles from the 
carbon disulphide,, fov separating the latter from 
the water, distilling and returaing it to the 
scouring tanks with the least possible loss, are 
all provided for by ingenious devices, and the 
general arrangement scorns eminently typical of 
the method of scouring wool to be adopted in the 
future. It is said to have been V(rorkod with 
success in Australia. 

Woollen-yarn scouring. The object of scour- 
ing woollen yam is to remo\'e t he oil with which 
wool has been impregnated by the spinner. 
Precisely the same agents are used as for loose 
wool, but the machinery employed is necessarily 
different. 

Those yams which have a tendency to curl 
up because they have been highly twisted are 
submitted to the preliminary operation of 
* stretching ’ ; it also prevents them from shrink- 
ing during the subsequent scouring process. 

The hanks of yam are* suspended on the 
arms of a strong iron frame and tightiy stretched 
by means of screws. Thus charg^, the frame is 
immersed in boiling water for a few minutes. 
After changing the position of the hanks on the 
arms, the operation is repeated, the yam is 
allowed to cool in the stretched condition, and 
is then removed ready for scouring, 
i The scouring of yam is effected either by 
hand or by machine. In the first case the 
banks of yam are suspended on wooden rods 
placed across a rectangular steam-heated tank 
containing the scouring liquor. During a period 
of 16 to 20 minutes the rods are swayed to and 



fro by hand, one by one, each hank 
frequently turned in order to expose every por- 
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tion to the action of the liquor. The yam is 
washed in anothey* tank in the same manner. 

Yam-scouring machines are to bet met with 
in several forms. A very effective one consists 
Qf a rectangular tank, o, having several rollers 
above and below, and a pair of squeezing rollers, 
A, B, situated at one end. The hanks of yarn, 
linked togetheV by means of string loqps, are 
passed cont&uously through the scouring liquor, 
and are then washed in a similar macninc 
(see Fig. 12). 

Woollen-cloth scouring. Woollen cloth is 
also scoured for the purpose of removing the oil 
with which the yarn is impregnated by the 
spinner. The operation consists in passing the 
cloth as an endless band, either in the strand form 
or in thq open width, through the scouring liquor 
and then through a pair of squeezing rollers. 

,For thick woollen cloths, flannels, &c., scour- 
ing in the strand is preferred, since a certain 
amount of felting takes place and the .cloth 
acquires a better handle. For worsted goods 
and such as are liable to crease, scouring in the 
open width is preferable. 

Fig. 13 shows a section of E. Kempo’s 
machine for this purpose- It consists of two 



squeezing '*r5tier8, a and b, placed above the 
wooden trough c containing the scouring liquor. 
The roller d serves to dra\f the cloth from the 
squeezing rollers, and causes it to fall in regular 
folds upon the inclined plane EE. This is 
covered with corrugated zinc, the grooves of 
which run longitudinally, in order to reduce the 
friction of the cloth, and to prevent the latter 
from moving to either side. The upper part of 
the inclined plane is hinged at P, so that the 
inclination of this part can be regulated to suit 
different qualities of cloth, and to ensure that it 
always slips down in regular folds without any 
tendency to fall over or become blocked. The 
perforated water-pipes o, a are for the purpose of 
Tf^ashing the cloth after scouring. 

Bleaching of wool. After scouring, the wool 
still possesses a faint yellow tint, to remove which 
is the object of the bleaching proper. The agent 
almost universally employed is sulphur dioxide, 
eithe%in the form of gas (gas-bloaohing) or in 
^lution (liquid-bleaching). With hydrogen per- 
^xidie a mope permanent white is obtained, but 
it is still tot expensive to admit of extended 
application, but it serves as an excellent bleach- 
ing agent for certain fine materials. 

£fii‘irleaolilng, itovlng, or sulphuring, consists 


in exposing the scoured and washed woollen 
materjil, while still wet, to the action of sulphur 
dio£(^e in a brick chamber. Yam or thick 
cloth is suspended on poles, the sulphur (6-8 
p.o. on the weight of wool) contained in an iron 
I pot is ignited, the chamber door is closed, and 
the material is then left exposed to the action 
of the gas for six or eight hours, or even over- 
night. Thin cloth is generally passed in a con- 
tinuous manner through a similar chamber pro- 
vided with rollers above and below. The cloth 
in the open width enters through a narrow slit 
at one end of the chamber ; it pa‘'se8 in a zig- 
zag course under and over the rollers* to th^e 
further end, thou returns and passes out by the 
same slit. The sulphur dioxide is prepared in 
the stove itself, or it is produced in a separate 
furnace and led beneath the perforated floor of 
the chamber. According to the appearance of 
the fabric, it is passed through the bleaching 
chamber once or several times. Fig. 14 gives a 
sectional view of ^ the sulphur stove for the 
contihuous bleaching of cloth. 

In liquid-bleaching the woollen material 
IS immersed and moved about for several hours 
in a solution of sulphurous acid, or in one con- 
taining sodium bisulphite, and acidified with 
suliihuno acid. One may also steep the wool, 
first in a solution of sodium bisulphite and then 
in dilute sulphuric acid, and repeat the opera- 
tions as often as may bo necessary. The liquid- 
bleaching process has not met with that general 
acceptance to which it seems entitled. 

After bleaching, the materials are well washed 
and tinted blue or bluish-violet, e.g. with refined 
indigo, indigo-extract, aniline-blue, methyl 
violet, &c., in order to counteract the yellowish 
tint which is so liable to return. 

The bleaching action of sulphurous acid is 
most probably .due to its reducing properties. 
According to this view, the sulphurous acid takes 
up oxygon from the water present, while the 
liberated hydrogen combines with the colouring 
matter of the wool to form a colourless leuco- 
compound. Another explanation, however, is 
that a colourless sulphurous acid compound is 
formeil. Frequent washing of the wool with 
alkaline solutions restores the yellow colour. 
It seems evident, however, that the yellowing 
influence of alkahs is largely due to their further 
action upon the wool substance itself since they 
cause the wool eventually to become yellower 
’ than it was before bleaching. 

Bleachinf: witlf hydrogen peroxide is effected 
by steeping the wool for several hours in more»OT 
less dilute solutions of this liquid, made slightly 
alkaline by the addition of ammonia. The 
simultaneous action of light accelerates and 
improves the bleaching. The white is very good 
and permanent, probably because, in this cose, 
the colouring matter is destroyed by oxidation. - 
Excessive bleaching by this method gives the 
wool a harsh feel. Lunge recommends a slight 
treatment with hydrogen peroxide of sulphur- 
bleached wool in order to oxidise and thus 
render innocuous traces of sulphurous aoid not 
removed by washing. A very dilute solution oi 
sodium hypochlorite and exposure to air Will 
effect the same purpose. 

Bleaching of wool wth hydrosulphite of soda 
has been suggested by F. V. lullab* It^ is 
prepared by adding dno powder to a solatioii 
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of bisulphite of soda. The zino is precipitated | 
by adding milic of lime. | j 

Silk scouring and bleaching. The ra^^silkj 

fibre consists essentially of two substances, 
fhrcfint and sericine. The former constitutes 
the central portion ol the fibre, and may be re- 
garded as the fibre proper, while the latter resides 
principally in the external part and is readily 
removed by water and especially alkaline 
solutions. 

Raw silk is harsh, stiff, lustreless, and more 
or less unsuitable for dyeing, but when the ex- 
ternal sericine or silk-glue is removed it becomes 
soft and lustrous, and acquires an increased 
affinity for colouring matters. 

The object then of scouring is to remove the 
silk-glue from the raw silk. It is effected by the 
two operations, ‘ stripping ’ and ‘ hoiling off ’ 

Stripping or ungummiv^. In order to re- 
move calcareous or other mineral matter soluble 
in dilute acids, it is well first to rinse the silk in 
a tepid bath of dilute hydjochloric acid, and 
then wash. The hanks of silk are then hung op 
smooth wooden rods and worked, as in woollen- 
yam scouring, in a soap-bath heated to about 
90'^-95'’ C. for about 20 minutes. A second and 
even a third bath may be used with advan- 
tage. Long w'orking in one bath is not good, 
especially for silk intended to be white, since the 
silk (tibroine) is apt to attract some of the colour- 
ing matter at first removed along with the silk- 
glue, and it is afterwards very difficult to remove. 
With yellow silk this point must bo carefully 
attended to. ‘ 

During the stripping oiieration the sericine 
at first swells up and makes the silk somewhat 
glutinous, but soon it dissolves off and leaves the 
fibre soft and lustrous? The waste soapy liquors, 
strongly impregnated with sericiije, are care- 
fully preserved and find an important use in sill<- 
dyeing under the name of ‘ boiled-off liquor. * 
When applying the coal-tar colours, it serves 
to retard their attraction by the silk, and 
thus ensures the production of even or level 
colours. 

After stripping the silk is rinsed in water 
containing a small proportion of soap and 
sodium oarbouate. 

Boiling-off. The object of this operation 
is to complete 
the removal of 
the silk-glue and 
thus give the silk 
aU the lustre and 
bvllianoy of 
which it is cap- 
able. Hie hanks 
of sUk are tied 
up in coarse bags 
of cotton or 
hemp, generally 
called ‘ pockets,* ■ 
and these are 
boiled for one to 
three hours in 


Bleachins ot silk. The actual bleaching d 
silk is effected by exposing theaooured silk, while 
still in thb wet state, to the action of ^idphur 
dioxide gas. The operation is precisely similar 
to the stoving of wool. • 

In certain cases, e.g, with so-called ‘ souple * 
silk, the stoving is preceded by a preliminary 
bleachijig in aqua regia, diluted tp sp.gr. 1-02 
and heated to 20‘’-35“ C. The silk is rinsed in 
this solution for 8-15 minutes until it acquires 
a greenish-grey colour, and then at once washed 
well in cold water. A dilute solution of the 
so-called ‘ chambcr-crj'^stals ’ of the sulphuric 
acid manufacture may replace the aqua regia. 

The bleaching of silk with hydrogen peroxide 
is gradually being more and more adopted, 
especially for Tussur silk and other wild silks. 
Indeed^ for these silks no other method of 
bleaching is so satisfactory. The silk is stewed 
and worked in a dilute solution of hydrogen per- 
oxide, rendered slightly alkaline with ammonia 
or with silicate of soda or borax, until it is 
sufficiently bleached. A more rapid and 
effective method is to steep the silk in a some- 
what stronger solution, then wring out the 
excess of liquid, and steam. The operations may 
bo repeated until the silk is sufficiently bloachod. 

Tinting of silk. Bleached silk is finally tinted 
or dyed in delicate shades of blue, purplish-blue, 
cream colour, &c. For pure white it is usual to 
dye the silk in a very dilute solution of a suitable 
coal-tar colour. After tinting, the silk is slightly 
rinsed in water and dried in a moderately warm 
and darkened stove. J. HiL 

BLEACHING POWDER v. Chlorine. 

BLENAL. Carbonic acid ester of santalol 
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copper 

The silk is then well rinsed in a weak 


open 
boilers. 

tepid solution of carbonate of soda, and finally 
in cold water. 

During operatjpns above , described, 
Japanese and Chinese silks lose 18-22 p.c. in 
wmght» European silks lose 25-^0 p.c. 


BLENDE, from Blenden, Ger., to dazzle^ 
Native zinc sulphide. It usually contaii]S iron 
sulphide which gives it a black colour, whence 
the name Black Jack applied to it. An im* 
portant ore of zinc. The sulphur it contains is 
occasionally utilised in the manufacture of sul- 
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' blende, i 


Dhurio acid. (For desoiwtions of burners for 
this purpose, v. ,T. Soc. Chom. Ind. 3^ 631 ; 4, 
64.) F. ZlNC-iaBNDE. ' 

BLEU DIRECT or DIPHENYLAMINE BLUE 

Tkiphenylmethanb colouring matterj. 
BLEU FLUORESCENT CigHaBreNjO^CNH^). 
A colouring matter obtained by Weselsky and 
Benedikt in *i880 by treating diazopesorulin 
dissolved iA potassium carbonate with bromine 
and precipitating by an acid. Soluble in boiling 
water with a red- violet colour, giving a fluor- 
escent green solution. Bye.s silk and wool blue 
with brownish fluorescence (Weselsky anrl 
Benedikt, Monatsh. 5, 606 : Ber. 1886, 18 • 
Ref. 76). 

BLEU DE GARANCE. Artificial ultra- 
marine, (u. Ultramarine; Pigments). 

BLEU LUMlIlRE Triphenylmethane 

COLOURING matters. 

BLEU DE LYON, BLEU DE NUIT, BLEU 
DE PARIS V . Triphenylmethane colouring 
matters. 

BLEU MARIN v. Triphenylmethane 
colouring matters. 

BLEU DE SAXE r. Cobalt. 

BLEU SOLUBLE r.' Triphenylmethane 

COLOURING ]\I*aTTERS. 

BLIND'COAL. A (Scotch term for anthra- 
cite. 


I 

G. T. Prior's analysis (1899) to contain mbre 
col^nrbium with less titanium, he proposed the 
name priorite. These isomorphous minerals, 
blomstrandine and priorite, are respectively 
dimorphous with polycrase and euxerute; the 
four minerals euxenite-pOlycrase and priorito- 
blomstrandino thus forming an iaodimorphous 
serie.s. 

The name blomstrandine is not to be con- 
fused with the earlier name hhrmttraniiie 
I (of G. Lmdstrom, 1874), which was applied to 
, an uncrystallised hydrated titano-commbate 
and tantalate of uranium with some calcium and 
' iron, from a felspar quarry at Nohl, in Sweden 
(c. Hetaiixe). L. J. S, 

BLOOD is a richly albuminous fluid wnich 
holds in suspension largo numbers of corpuscles. 
The fluid medium in which the corpuscles float 
18 called the plasma, or liquor sanguinis. In 
round figures, the plasma contains about 10 p.c. 
of solids, of which proteins comprise 8, extrac- 
tive^ 1, and inorganic salts (the principal one 
being sodium cliloride) the remaining 1. The 
proteins are all coagulable by heat, and are 
named serum albumin, serum globulin, and 
fibrinogen. The last-named is the least abun- 
dant (0*4 p.c.), but confers upon the blood its 
characteristic power to clot or coagulate when 
it is shod. When shed, the blood rapidly 


BLISTER STEEL Iron. becomes viscous, and then sets into a jelly ; the 

BLOCK FUEL v. Fi ei. ; also Pitch. contracts and squeezes out of the clot a 

BLOCK TIN V . Tie. ' straw-coloured fluid called serum, in which the 

BLOEDITE. A hydrated double siiljihate shrunken clot then floats. The formation of 
of magnesium and so(^ium, Na 2 Mg((S 04 ) 2 - 4 H 20 , threads of a solid protein called fibrin from 
forming water-clear morioclinic crystals, often of fibrinogen is the essential act in coagulation ; 
largo size and beautifully diivclopcd. They are tliis with the corpuscles it entangles constitutes 
found in the salt mines of Stassfurt and m the clot, and serum is plasma minus the fibrin 
Austria, and in the Punjab Salt Range, India, which it yiokls. The following scheme shows 
Urystals 16J cm. m length have been found m the rolatiorwhips of the constituents of the 
the black mud beneath a crust of sodium sul- blood at a glance : — 
phate on Soda Lake, San Luis Obispo Co., (plasma/^*^™ 

California. Simonyite and aatrakanite (from Bloodjt (fibrin 

salt lakes near Astrakau) are synonyms. '^corpusclea / 

L. .J. S. In round CgiiniS, the blood contains 60-65 p.c. 
BL011i3i:BANDlNE, A rare-earth mineral of plasma, and 36-40 p.c. of corpuscles. The 
consisting ^ a titano-columbate of yttrium- corpuscles are of three kinds, the red corpuscles 
metals, thorium, uraniuqj, &c., occurring as or erythrocytes, the white or colourless COr- 
orthorhombic crystals in pegmatite vein.s at puscles or leucocytes, and some very small 
Bqyeral localities in southern Norway. The particles aLo colourless, which are oailed the 
large crystals of tabular habit are found m the blood-platelots. , 

felspar quarries, and those from the island of The Subject of blood clotting has been the 
Hittero are well known in collections. They* battlefield of numerous opposing theories, but 
are brown on the surface, but on a fresh con- the view no^gen^Ily held is that the conversion 
choidal fracture the colour is black with a bright of fibrinogen into fibrin is due to the action of 
pitchy lustre. The mineral is optically iso- an enzyme called thrombin or fibrin-fermefit, 
tropic, owing to alteration by hydration. This agent takes origin from the platelets and 
Sp.gr. 4 *82-4 *93. These crystals were pro- white corpuscles ,* it is first shod out from them 
irisionaUy referred by W. C. Brogger in 1879 to m an inactive form called t^ombogen ; throm- 
reschynite {q.v.), an allied species differing bogen is converted into the active enzyme 
mainly in containing cerium-metals in place thrombin by the combined action of the calcium 
[>f yttrium-metals. More recently, Brogger salts of the plasma and of an activating agent 
[Die Mineralien der siidnorwecischen Granit- termed thrombokinase, which originates fiom 
Pegmatitgange, Videnskabs-Selskabets Skrifter, the nells of the blood itself and of the other 
K^tiania, 1906) has given a detailed descrip- tissues of the body. 

bioh of this material, and he gives several other • The transformation of fibrinogen into fibrin 
Norfegien localities for the mineral, namely, has been regarded as a chemical change. But 
oeaf tohdal and in Smtersdal. Ho intcrjirets the recent work of He^tma (Biochem. Zeitsch, 
the* coxnplix composition as an isomorphous 1916, Ixxiii. and Ixxiv.) and of Howell (Amieir. J. 
mixture iif varying proportions of a meta- Physiol. 1916, 40) shows that the change is 
oolumbate with a metatitanate ; and for probably t, physical ons. Fibrinogen is hhe sol, 
another member of the same series from the and fibrin the gelphase of the protein. F^btin 
^Igravels of Swaziland, Transvaal, shown by] is first deposited as ultramiorosoopio partMes 
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(miorons), then fine needle-like crystals appear ; 
these by agglutinating together ultimat(|y lead 
to the lorn^tion of typicw fibrin threads. • . 

The white or oolouness corpuscles are typical 
nucleated animal cells which have been differ- 
entiated into varieties by their staining re- 
actions, the number of their nuclei, and their 
seat of origin (lymphoid tissue, and red bone 
marrow). Their most importacnt property is 
their power of amoeboid movement, by which 
they ingest and subsequently digest foreign 
particles. They act in this way as scavengers 
(phagocytes), and thus confer protection agair.st 
pathogenic organisms (bacteria, &c. ). 

The red corpuscles are much more numerous 
than the white, averaging in man 6,000,000 per 
cubic millimetre, or 400-500 red to each white 
corpuscle. It is these which give the red colour 
to the blood. They vary in size and structure 
in different groups of the vertebrates. In 
mammals they are biconcave (except in the 
camel tribe, where they |ire biconvex) non- 
nucleated discs, in man inch in diatnetcr ; 
during foetal life nucleated red corpuscles are, 
however, found. In birds, reptiles, amphibia, 
and fishes, they are biconvex oval discs with a 
nucleus ; they are largest among the amphi- 
bians. Their most important and abundant 
constituent is the pigment hajmoglobin. In 
invertebrates this respiratory pigment is usually 
absent, and when present is, with few exceptions, 
in solution in the plasma and not in special 
corpuscles. In other invertebrates its place is 
taken by other respiratory pigments, for 
instance, by the green pigment which contains 
iron and is called cnlorocruorin (in certain worms), 
or by the blue pigment which contains copper 
and is termed ha^ocyanin (in certain cru.s- 
taceans and molluscs). The vf^t majority of 
invertebrates have colourless blood containing 
only colourless oorpuscloa. Haemoglobin con- 
tains 0‘4 p.o. of iron ; it and certain of its 
derivatives give characteristic absorption spectra 
whioh form one of the beat tests for blood. It 
is termed a conjugated protein, consisting of a 
protein (globin) in combination with the iron 
containing material termed haematm 
(OaaHaoN^FeOa) 

Haemoglobin is orystallisable, but haematin 
has not yet been obtained in crystalline form. 
By boiling dried blood with a lit^e sodium 
chloride and glacial aoetio acid, the character- 
istic brown crystals of haematin hydrochloride 
or hfiemm are readily obt^Ried, *id this is the 
%eBt chemical tost for blood ; it can be performed 
quite readily on a microscope slide. By treat- 
ment with acid, an iron-free derivative of hsa- 
matin is obtained called haamaitoporphyrin, and 
in the body certain iron-free derivatives some- 
what similar to hcematoporphyrin are formed; 
these constitute the pigments of the bile. By 
the reduction of haematoporphjrrin, h»mo- 1 
pyrrol (a mixture of pyri-ol derivatives) is 
obtained, and the same substances are ob- 
tained also from phylljporphyrin, a deriva- 
tive of chlorophyll ; this is an interesting fact, 
as it indicates a neat rdationship between the 
principal pigments of the animal and vegetable 

During life the blood is in ooqptant move- 
ment (oironlation), ana it is owing to this oir- 
eumstonoe that it supplies the tissues with both 


nutriment and oxygen. The products of pro- 
tein an^ carbohydrate digesjfiion pass direo^y 
from the ilimentary canal into the bloodf vessels ; 
the fat reaches the blood indirectly by the 
lymph-stream. The blood, however, does noj>, 
except in the spleen, actually bathe the tissue • 
elements ; the middle-man between blood and 
tissues is a fluid called lymph, wlfich exudes from 
the bldod through the thin walls of*fche capillary 
blood-vessels. The lymph thus supplies the 
tissues with material for their repair or for 
storage ; it also re.noves from the tissues the * 
waste products of their activity ; it is collected 
by lymphatic vessels, which converge to the 
main lymphatic channel called the thoracic duct. 

This opens into the large veins near to their 
entrance into the heart, and thus the jymph is 
returned to the blood, and the waste proaucts 
are then conveyed to the various organs (Inpgs, 
kidneys, skin) by which they are discharged 
from theibody. 

The function of blood as an oxygen carrier 
is dependent on the presence of haemoglobin. 
Oxygon passes by diffusion into the blood of 
the lungs, and is then seized by the pigment, 
with which it forms a loose compound called 
oxyhaemoglobin ; this bright -sod arterial or 
oxygenated blood passes to the heart, rfind is 
thence propelled by the arteries all over the 
body ; in the tissues, whore the oxygen tension 
is very low, oxyhaemoglobin is dissociated, and 
the oxygon passes into the plasma, and again 
reaches the actual tissue elements vid the lymph. 

The reduction of oxyhaemoglobin changes the 
colour of the blood to the darker tint which it 
has in the veins, by which vessels it is carried 
back to the heart and sent to the lunss for a 
fresh supply of oxygen. The venous blood is 
also rich in carbonic acid, which finds an exit 
from the blood in the lungs into the expired 
air. It should be noted tnat haemoglobin is 
not the exclusive carrier of carbon dioxide; the 
other proteins act similarly, but the gas is 
carriea mainly as carbonates in the blood- 
plasma. ’ • 

The amount of respiratory oitygm carried by 
the blood pigment is 1*34 c.c. oxygen per 
ram of haemoglobin. This can be replaced 
y equivalent amounts of such gases as oar^n 
monoxide or nitric oxide. These oompoufids 
are more stable than oxyhaemoglobin, and the 
gas is not removable by the tissues ; hence in 
coal-gas poisoning the colour of the blood is 
I equally bright in arteries and veins, and the 
! cause of death is oxygen starvation. 

I The foregoing outline of the composition and 
! uses of the Dlood from the phvsiologioal point 
of view can be amplified by the study or any 
standard textbook of physiology or physiological 
chemistry. 

Passing now to the technical and oommeroial 
aspect of the case, the uses of the blood come 
mainly under four headings: (1) as food; (2) as 
manure ; (3) as a clarifying agent ; and (4) as a 
drug. 

(1) As food. Blood as such Is onlyjiBed m ^ 
food by savages, and attempts have bran maSd 
to utihse dried defibrinated blood as a oov 
mercial food produot without an;jl great Buooess. 

It, however, forms an important eoastitueot of 

certain articles of diet, of which Black 

and the German Blutwurst (Blood sauBage) are 



618 


BLOOD. 


tjie best known. In ihe preparation of these 
pig’s blood is mfst commonly employed, and 
they are of high nutritive value. ^ (For the 
composition of various kinds of Blutwurst, eee 
U^onig, Chemie d. menschl, Nahrungs und 
Gonussmittel, Berlin, 1904, 526 ; Pott. Handb. 
d. Tier-Ernahrung, iii. 613, 1909 ; E. Schmidt, 
Lehrb. d. phar’m. Chcm. ii. 2, 1833, 190^.) 

(2) As manure. Dried blood, the so-called 
Blood-meal (Blutmehl), is extensively used as 
manure, and may be placed directly on the land, 
or, more ti'equently, is mixed with superphos- 
phates. It is a browi powder with a glue-like 
smell, and must bo kept in dry places to avoid 
putrefaction. It is valuable on account of its 
nigh percentage of nitrogen (11*8) and of 
phosphQT-us (1-2 p.o.). Numerous patent ma- 
nures contain a certain proportion of blood. 
(Fqf details, see Konig, l.c. 498 ; Merck’.s Waron- 
Lexicon, 6th ed. art. ‘ BJut.’) 

(3) As a clarifying agent. Blood is employed 
in the same way^as milk, gelatin, and albumin 
are, as a clarifying agent for wines, syrups, and 
similar liquids, in the proportion of 150-200 c.c. 
of blood per litre. The clearing action is due to 
the proteins present, but tsed in this way there 
is oonsiderable'danger of infection, as also is the 
case fur milk. Dried blood or the dried blood- 
albumin is therefore preferable. Blood-albumin 
is prepared from the serum drained off from the 
clot ; the product is really dried serum, as the 
proteins ar6 mixed with the other constituents 
of that fluid, and the word ‘ albumin * is used as 
B^onymous with ‘ protein,’ and not in the correct 
cnemical sense. It has the advantage of being 
considerably cheaper than egg-albumin, for the 
total blood of an ox will yield 760-800 grams 
of the dried product, a good-sized calf will yield 
340-400 gmmSf and a sheep about 200 grama 
{see Merck, l.c. art», ‘ Blutalbumin ’). 

(4) The therapeutic uses of blood and serum. 
The high nutritive value of blood makes it a 
valuable drug in the treatment of anaemia, and 
certain patent medicines sold under the name 
of heematogen consist very largely of blood 
mixed witff suitable flavouring and preservative 
agents. A stiU larger practical use of blood 
products (serum therapy) ha*a been the outcome 
of work on immunity, in which the names of 
Rio'&et, Ehrlich, Behring, and Roux may be 
mentioned as those of pioneers. Those inte- 
rested in problems of immunity should consult 
current handbooks of pathology. The following 
docs not pretend to do more than give a sketch 
of the main facts, and the example selected of 
the usefulness of the method is that in which 
serum therapy has been the most successful, 
namely, the treatment of diphtheria. The 
animal body is protected against its foes by a 
v^ety of mechanisms, and against our micro- 
scopic (bacterial) enemies the most potent of 
these is the action of colourless blood corpuscles 
(phagocytosis). This, however, is assisted in 
certain eases by the presence in the fluid part 
of th4 blood of chemical substances which have 
«|^eiv«da variety of names; for instance, * baote- 
Jbly^m * are substances which actually kill 
TOcWa ; * agglutinins ’ are substances which ! 
dump the blcteria together and render them 
immobile f ‘ opsonina* are substances which 
render l^teria an easy prey to leucocytes, eit W 
by adding something to them to make them 


tasty or remov^ something from them which 
make9 them distasteful ; and * antitoxins ’ are 
sub&tp-nces which neutralise the poisons or toxins 
which are produced by the bacteria. There is 
very little accurate chemical knowledge of the 
composition of these various materials; they 
are, however, as a rule, destroyed by a high 
temperature, and are probably protein-like in 
nature. The amount of these substances in the 
blood may be increased by certain stimuli, much 
in the same way as the epidermis becomes thick- 
ened as the result of manual labour. The 
administration, for instance, of small doses of 
the toxin will produce an excessive production 
of the antitoxin w'hich specifically neutralises 
-the poison. Substances which in this way 
stimulate the production of these natural anti- 
dotes are spoken of in general terms as antigens, 
j If the bacilli which produce diphtheria are 
I grown in a suitable medium, they produce 
j the diphtheria toxin much in the same way as 
yeast will produca alcohol when grown in a 
solutibn of sugar. If a certain small dose of 
, this poison is injected into an animal, it will 
produce death, and that is called the lethal 
dose. But if the animal receives a smaller dose, 

I it will recover ; a few days later it will stand a 
I larger dose and recover more quickly ; this is 
continued until after many successively increas- 
doses, it will finally withstand without ill 
effects an amount equal to many lethal doses. 
The animal is now immune against diphtheria, 
for the administration of the toxin (or antigen) 
has called forth an excessive production of 
antitoxin, and the blood remains rich in anti- 
toxin for a considerable but variable time ; the 
serum obtained from the blood of the immunised 
animal is then employed for imecting into other 
animals or ht^man beings suffering from diph- 
theria, and rapidly cures the disease. The horse 
is the animal selected for the preparation of 
antitoxin, and the success of the new treatment 
in reducing the death-rate from what used to 
be considered a terrible disease is one of the 
wonders of modem medicine. 

(6) Miscellaneous uses of blood. Blood is, or 
has been, employed in a number of industrial 
processes, but it will be sufficient here just to 
enumerate a few of them ; thus it has been used 
as a medium for paints (Johnson, Eng. Pat. 82, 
1883), in the preparation of adhesive cements, as 
a precipitant of sewage in the alum, blood, and 
cky process, and in the manufacture of pure 
animal charcfal. 

Tests for blood. It is often necessary, ih 
medico-legal practice, to be able to identify 
blood-stains on garments and instruments. If 
the blood is fresh, a microscopic investigation 
reveals the presence of corpuscles, and an 
aqueous extract wiU show the typical absorption 
bands of hfemoglobin with the spectroscope. 
The best chemical test is the formation of 
haemii| crystals already described, and is given 
by quite small quantities of blood, even if It is 
o’dwind dry. When the Slood is dry, and small 
quantities only are present, the most delicate 
spectroscopic test consists in dissolving it in 
dilute potash with the aid of heat, and %en 
adding a drop of a reducing agmt such as 
ammonium, sulphide ; , the two absolution 
bands of reduced hromatin are then soen, one 
about half-way betwemi the D and B lines, 
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ftnd the other just on the blue side of the £ 
line. 4 

Human blood can only be distinguished ^th 
certainty from the blood of other anim^ by 
the so-called ‘ biological reaction.’ The injection 
in successive doses of blood of another species 
into an animal acts as an antigen, and causes the 
development hi the blood of the injected animal, 
of a specific ‘ precipitin ’ ; the addition of the 
blood to the serum of the animal which furnished 
the injected blood causes a precipitate ; and 
such a precipitate does not form except between 
the blood of the two species of animal used in 
the experiment. This has been applied to the 
case of human blood, by taking a rabbit and 
injecting human blood into it. I’he serum of 
this rabbit will then give a precipitate with the 
blood of man (and to a less extent of the higher 
apes), and witn the blood of no other species of 
animal. The test is extraordinarily delicate, 
and will detect human blood that has been dried 
for months, and even when ij; is mixed with the 
blood of other animals. W. D.'H. 

BLOODSTONE. A popular name for the 
mineral heliotrope, a variety of chalcedony 
(SiOa), showing bright-red spots on a dark-green 
ground. It is much used for the engraving of 
ring-stones and seals. 

The same name has also been used for 
haematite (FejOj), being a translation of 
aifi&rlri}Sp so called because the colour of the 
powdered mineral is like that of dried blood. 

L. J. 8. 

BLOOM. A term given to a mass of 
iron after it leaves the puddling furnace (v. 
lEOK). 

BLOOMERY. An old term for an iron 
furnace. * 

BLOWN OILS V. Oils and 

BLOWPIPE V. Analysis. 

BLUBBER OILS v. Oils and Fats. 

BLUE, ACETIN, Coupler's blue {v. Indu- 

LINKS). 

BLUE, ALIZARIN. This name is given to 
dioxyanthraguinone-quinoline Ci 7 H,N 04 , and its 
sodium bisulphite compound 

CiAiNOioSaNa, 

Iv Alizawn and allied coloumno matters). 

BLUE, ALKALI, NICHOLSON’S BLUE or 
SOLUBLE BLUE v. 'Teiphenylmbthani colovr- 
rtio mattebs. 

BLUE, ANILINE. GEHnAN BLUE, OPAL 
BLUB, NIGHT BLUE, LIGHT BLUE, or FINE 

blue V. TBIPHB^ YLMBTHANB COLOUKINO MAT- 
TERS; alsoANttlNB BLUB. 

BLUE, ANTWERP, v. Pigments. 

BLUE. AZO-, V. Azo- colouring matters. 

BLUE, AZODIPHENYL, ACETIN BLUE, 
COUPIER’S BLUB, INDULIN, FAST BLUE R. 

C,.H,,N,C1(». INDCUHIS). , 

BLUE, BASLE. 

chlorid e 

(v. AZOTBS AW) COLOUBUrO MATTERS DERIVED 

fbomthem). # 

BLUE, BAVARIAN, v.* Triphbnylmbthane 

OOLOURUTG MATTERS. • 

BLUB, BENZIDINE, v , Azo- colouring 

matters. 

BLUE BLACK n. Azo- ooLOumNo matteis. 

BLUE. BLACKLEY,* V. Indulikes. 
blub. iffilANT COTTON. METHYL 


m 

BLUE, METHYL WATER BLUE, Soda saU 
of triphenyl-$-ro8anilinetn8iUvhonic acid {v, 
TbiphbeVimbthanb coloubiho mattbi^ 

BLUE, CERULEAN, v. Figments. 

BLUB, CHINA, WATER BLUB 6 B 
EXTRA, OPAL BLUE, COTTON BLUE; 
MARINE BLUE, v. Triphenylmbthanb colour- 
ing MATTERS. * 

BLI»:, CHINESE, or PRUSSIAN BLUE v. 

Cyanides ; also Pigments. 

BLUE, COBALT, v. Cobalt ; also Pigments. 
BLUE, COTTON, v. Triphenylmbthanb 

COLOURING MATTERS. 

BLUE, COUPIER’S, v. Indulinbs. 

BLUE, CYANINE, v. Pigments. 

BLUE, DIPHENYLAMINE, BI^U DIRECT 

Triphenyl- $-ro 8 aniline hydrochloride {v. Tri- 
phenylmbthanb COLOURING matters).* 

BLUE-ETHYLENE v. Thionine coloui^g 
MATTERS. 

BLUE, FAST, MELDOLA’S BLUE, NEW 
BLUE, NAPHTHYLENE BLUE. Chlmde of 
dimethylphenyl-ammonium-Q-iv(fphthoxazine {v, 
OXAZINB COLOURINO MATTERS), 

BLUE, FLUORESCENT, v. Bleu fluores- 
cent. - , 

BLUE, GENTIAN, SPIRIT BLUE 0, OPAL 
BLUE, BLEU DE NUIT, BLEU LUM>I;RE, 
FINE BLUE, V. Triphenylmbthanb colour- 
ing MATTERS. 

BLUE, INDIAN, v. Pigments. 

BLUE, INTENSE, v. Pigments. ' 

BLUE IRON-EARTH. An earthy blue 
variety of the mineral vivianiie, a hydrated 
ferrous phosphate, Fe3p20^,8TT20, often found as 
a blue powder encrusting vegetable remains and 
bones in bog-iron ore, peat, and clays. L. J. 8 
BLUE, LEITCH’S, v. Pigments. 

BLUE, LIGHT, BLEU LUMIERE, LYONS 
BLUE. OPAL BLUE, BLEU ^E NUIT v. Tri- 
phenylmbthanb colouring matters. 

BLUE, METHYLDIPHENYLAMIHB 
C„H.,4N3CI 

obtained in 1874 by Girard by the action of 
oxalic acid upon methyldiphenyla*nin». Or by 
the action of copper nitrate (Bardy and Dusart). 
Or with chloranil (Geigy). No longer made. 

BLUE, METHYLENE, v. Thionine colour- 
iHo matters. 

BLUE, NEUTRAL, v. Azines and colour- 
ing matters derived from them. 

BLUE, NILE, V. Oxazinb colouring mat- 
ters. 

BLUE, PARIS, V. Triphenylmbthanb 
colouring matters. 

BLUE, PRUSSIAN, v. Cyanides; also Pig- 
ments. 

BLUE, QUINOLINE, v. Triphenylmbthanb 

COLOURING MATTERS. 

BLUE RED V. Azo- colouring matters, 
BLUE, RESORCIN, or LACMOID CijHjNO* T 


„/CBH5{0H)a 

probably | \C,Hj|OH, a colouring matter ob- 
tained by Weselsky and Benedikt in ifeo, lA 
the action of sodium nitrite on resorcin. Blw 
violet powder soluble in wateni Soluble in 
alcohol with blue colour and dark-green fluores- 
cence. Used as an indicator in alkaUmetry 
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BLUE, SAXON, v. Cobalt. 

BLUE, VICTpRIA, v. TaiPHBNyi^THAinB 

COLODIWNa MATTERS. t 

BLUE COPPERAS, BLUE STONE, or BLUE 
^VITRIOL. Copper sulphate (v. Copper). 

BLUE GUM TREE. The Eucalyptus glo- 
bulus (Labdll.), a tree common in Tasmania and 
South- EastonI Australia. 

BLUE JOHN. A variety of fluor-sp&r found j 
in Derbyshire, and valued for making ornamental 
articles (v. Calcium). 

BLUE LEAD. A term applied to galena by 
miners to distinguish it from white-load ore, or 
carbonate. 

BLUE PIGMENTS v. Piombets. 

BOBBINITE V . Explosives. 

BODY VARNISH v. Varnish. 

BOFFINITE. An explosive consisting of 
pcjjassium nitrate, 62-65 pts. ; charcoal, 17-1 9i 
pts. ; sulphur, 1|-2J pts., copper sulphate ana 
ammonium sulphate, 13-17 pts. 

BOG-BUTTER or BUTYRELLITE. A 

substan* e resemtll'xj; adipocere occasion- 

ally found in peat in Ireland and elsewhere. (For 
list of chemical and phy.>ical constants of asample 
of hog- butter found in Tyrone, v. Radcliffe and 
Maddockfl, J...^oo. Chem. Ind. 1907, 3.) 

BpCHEAD COAL v. Paraffin. 

BOGHEAD NAPHTHA v. Paraffin. I 

BOG-IRON-ORE. An impure iron hydroxide 
of recent formation in bogs and marshes. It is 
referable te the mineral species limonite ( 2 Fe 20 j,, 
3HjO), and, in fact, this name (from Xufiuv, a 
meadow) was at first applied to this material, 
which is known in German as Baseneisensteiri 
or Wiesenerz (meadow-ore). It is sometimes 
placed under the species limnite (from A/’/avij, a 
marsh), to which the formula Fe,0„3Ha0 ie 
assigned. It contams 20-78 p.c. FcjOs, some silica 
and organic matter, and often phosphates in con- 
siderable amount^ The material has been de- 
posited by the oxidation, through the agency of 
algee and bacteria, of clialy beate waters. It is dug 
in shallow pits in the peat- bogs of Ireland, the 
production amounting to a few thousand tons 
per annum, a*d is mainly used for the purification 
of coal-gas. The Swedish lake ores (sjdmalm) are 
of the same nature. • L. J. S. 

BOG MANGANESE, tcod, or earthy manga- 
D/m ( V . Manganese and Wap). 

BOHEMIAN BOLE. A yellow variety ol 
bole (?.if’.). 

BOILED OIL. Linseed oil Linseed oil). 

BOILER INCRUSTATIONS AND DEPOSITS. 


The deposition of insoluble salts directly through 
boiling the water in boilers, or through concentra- 
tion beyond the limit of solubility of salts in solu- 
tion, or again, by interaction between otherwise 
soluble s^ta leading to the precipitation of 
insoluble salts, causes serious trouble in boiler 
practice, and towers the efficiency of -the boilers. 
Any incrustation or scale retards heat trans- 
mission to the water, thereby increasing fuel 
consumption ; overheating of the plates or tubes 
mauresult in serious damage, and the removal of 
u hard scale by mechanical means leads to 
damage, in addition to the cost of 
'tempfal and 4)he boiler being idle for some time. 
u tb depoi^ remains as a soft mud, frequent 
uae of the blow-off cook is demanded, and heat 
is lost in the hot water blown off ; but this, of 
qounse, is preferable to the accumulation of the 


deposit, fuid its Iiakin^ on the plates or tubes to 
a ha:^ mass. 

tTne question of corrosion is also closely 
associated in many oases with the production 
of deposits, and treatment on scientinc lines for 
the removal of the latter oyercomes troubles from 
the former. 

Natural waters vary widely in composition, 
and some are wholly unsuited for boiler use, 
either by reason of the formation of deposits 
and scale, or of their corrosive action. For the 
different characters of natural waters and their 
composition, see article on WateP- 

It is convenient to regard deposits ai the 
soft material which can be removed as sludge ; 
incrustations as deposits more or less firmly 
adherent to the boiler; and scale as the firm 
hard material which can only be removed with 
difficulty, usually requiring chipping off. 
Naturally no hard-and-fast lino can oe drawn 
between these forms. 

Either form ij to be associated primarily 
with' the ‘ hardness ’ of water. ‘ Temporary 
hardness,’ i.e. hardness removable by simple 
boiling, is due to calcium and magnesium 
carbonates (to a small extent also to ferrous 
carbonate). These salts, although almost in- 
soluble m pure water, dissolve in the presence 
of carbon dioxide, owing to the formation of 
soluble bicarbonatos (CaCOj-HaCOa ; MgCO,* 
HaCOa). One litre of water holds about 
I ‘2 grams of calcium carbonate (as bicarbonate) 
in solution ; after prolonged boiling about 
18-20 milligrams per litre. In the presence of 
other soluble salts the solubility is increased, 
thus with calcium sulphate present the solu- 
bility may be increased to 1-8 grams of CaCO^ 
(os bicarbonate) per litre.* 

When w^ter containing calcium bicarbona^i 
is heated to*^^ about 65'" 0. it begins to deposit 
the normal carbonate in powdery form ; at a 
later stage the deposit becomes crystalline, and 
may form a fairly adherent incrustation, 
(’alcium carbonate exists in two crystalline 
forms, cakik (rhorabohedral, belonging to the 
hexagonal system), and aragonite (orthq- 
rhombic, belonging to the rhombic s^y^stem). 
The latter is harder and denser than calcite, and 
IS believed by some authorities to be the cause 
of incrustation from carbonated waters. On 
boiling such waters the precipitate is a mixture 
of calcit^ and aragonite ; the presence of other 
soluble salts favours the formation of Aragonite.^ 

Magnesium catbonato behaves somewhat 
differently, several intermediate hydroxy- car- 
bonates being formed, the composition of which 
is dependent on temperature. By continued 
boiling in the presence of water at high tempera- 
tures (under pressure) magnesium carbonate 
forms the hydroxide (Mg(HO)a), liberation 
of carbon dioxide, and, according to J. H. Paul, 
insoluble magnesium oxide may even result. 
W. A. Davis (J. Soc. Chem. Ind. 1906, 7B8) 
founu that on heating an alkaline soluriou of 
mjj,gne8ium bicarbonate to 60“ in a partially 
closed flask, tie prdbipitate was MgCOi’SHgO. 
At 100“ it lost water (9iH|0), and at 126“ the 
third molecule, together with carbon (Boxide. 

A table of solubility of mogTiArintw oiuriboKIAto 
in water containing carbonffiqadde at y^oufl 
pressures *will be fodnd nmlM* 

OABBONATH, 
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Solutions of magnesijim c^jbonate decom- 
poae much more slowly on boiling than those of 
calcium bicarbonate, but the preoipitatipn is 
more complete. In peaty waters the depoytlon 
of both carbonates is considerably retardea and 
may be prevented. | 

Ferrous carbonate behaves similarly to ! 
calcium carbonate. 

The ‘ permanent hardness ’ is due chiefly to 
the sulphates of calcium and magnesium ; to a 
minor extent to the chlorides and nitrates of these j 
^ metals. Boiling at ordinary pressure does not 
cause the deposition of any of these salts, pro- 
viding the water does not become too concen- 
trated. On the other hand, boiling at the higher 
pressures existing in boilers almost complete 
precipitation of calcium sulphate occuns, and 
this constitutes the most troublesome constituent 
in boiler waters, being very largely responsible 
for the formation of hard adherent scales: 

Calcium sulphate (CaSOJ i.s practically in- 
soluble in water. It occurs naturally in the 
hydrated form (CaS04-21l20> as gi/psum. Two 
varieties of the anhydrous sulphate are recog- 
nised ; insoluble and soluble anhydrite. The 
solubility of natural gypsum attains a maximum 
at 32° C., 100 parts of water dissolving 0*2090 
part. At 10° C. the solubility i.s 0*1929; at 
100°, 0*1620 (Hulett and Allen, J. Amer. Chem. 
Soc. 1902, 24, 667). Much stress has been laid 
on the decreasing solubility with rise of tempera- 
ture as the important factor in causing deposition 
in practice, but since the amount of calcium 
sulphate is generally much below the limit of 
solubility at 100°, it scorns impossible that it can 
be an important factor. According to Silchester, 
at low boiler pressure (28-29 lbs.) water contain- 
ing the salt will congeiitrate like other waters 
without scale, but at higher pressures (40-50 lbs.) 
will deposit, due to the formation of a hemi- 
hydrate, 2CaS04*H80, at a temperature of 
107°. This has been recognised by Johnston 
in scale from boilers working at 2 atmos. 
Above 130° the anhydrous calcium sulphate is 
formed. These are salient facts in the formation 
of hard scales due to this salt, for it is evident 
that it is not a question of concentration above 
the limit of solubility of ChSO^ *21180, but the 
definite formation of another nhase, and the 
material being practically insoluble in this phase 
is almost completely precipitated even when 
present in very small amount in tlae water. 
130°, or perhaps a little lower, may be regarded 
the cntical point detenn^ng t^e precipita- 
tion of calcium sulphate. 

* The solubility is increased by the presence of 
other more soluble salts such as sodium chloride and ' 
sulphate, and calcium sulphate may concentrate to 
a fairly high degree in a Boiler water, as is shown 
by the foflowing analysis by J. C. W. Greth:— 
Grains per Imperial 
gallon 

Volatile and organic matter . 6*04 

Silica 0’6f^ 

Calcium carbonate . .1*20 

Calcium sulphate , . . 94*66 • 

Magnesium sulphate . .7*63 

Somum chloride •. . . 12*06 

Sodium sulphate . . ii9*77 

Other constituents of natural waters, such as 
calcium chloride, magnesium suljihate and 
chhwide, often play an important part in the 
formation of scale by interaction j thus mag- 


nesium sulphate, although so soluble that it 
should never form part m a scale nnder propej^ 
working <3onditions, may be almost as trouble- 
some as ctiloium sulphate, since with calcium 
carbonate or chloride it reacts with the formation 
of calcium sulphate and magnesium carbonate, 
or chloride. 

Formation of scale . — Waters which are in the 
main t^porariJy hard will deposit the carbon- 
ates of calcium and magnesium (also ferrous, 
carbonate, if present), cither in the boiler or 
feed-water heaters by the simple dissolution of 
the bicarbonafes. Such deposits are usually 
powdery ; in the presence of organic matter 
they seldom form coherent deposits, and so may 
be got rid of by the sludge cock. Under some 
conditions, however, the deposits bake on the 
plates or tubes and form incrustations. Further, 
on concentration of the water other salts in 
solution, like magnesium or sodium sulphate, 
may react on the incrustation with the formation 
of calcium sulphate and produce a much harder 
deposit — a true scale. Similarly an incrustation 
containing magnesium hyrifoxide may react 
with magnesium chloride and form a hard 
incrustation. 

The deposition of riie carbonates is a gradual 
process so that a temporarily hai^i^ater which 
deposits much of its calcium carbonate ifi the 
feed-water heaters, but loss of the magnesium 
carbonate because of its slower rate of de- 
position on heating, will continue to deposit in 
pipes, and such deposit will, for the srfme reason, 
contain a higher proportion of magnesium 
carbonate. Such actions are modified by the 
presence of other salts; thus, according to 
Petit, sodium chloride reduces the proportion of 
lime and increases that of magnesium, whilst 
magnesium sulphate causes more lime to be 
retained in solution. 

Calcium sulphate, whether present as such 
or formed by interactions on concentration of 
the water, becomes deposited in the anhydrous 
form as soon as the temperature is above that 
corresponding to the phasijs CaS04*2Hj0 or 
CaSOi'HjO. It forms an extremely pard scale 
of itself. If depo.sited amongst tlie precipitated 
carbonates it acts g,s a binder, and may form 
hard incrustations or scales. Its deleterious 
action may, therefore, be far ^ater than the 
mere proportion present would praicate. Calcium 
sulphate is throughout ^ the most important 
factor in the formation of hard incrustations and 
true scales. 

In broad terms, whilst the carbonated waters 
(temporarily hard) form soft easily removed 
deposits or incrustations, and waters containing 
i calcium sulphate, or salts liable to form it by 
interaction (permanently hard), produce hard 
scales, and serve to bind loose incrustations into 
harder masses, such a generalisation miwt only 
be accepted as broadly true, for exceptions are 
not infrequent under the varying composition 
of natural waters and conditions of practice. 

Magnesium hydroxide (Mg(HO)2) with map;- 
nesium chloride forms a hard material ; ^ertam 
covering compositions for ships’ decks are mad^ 
on this basis. In the presence of calcium 
phate these salts form very hard^orcelaitt-liko’ 
scales, which are extremely difficult to remove. 
According to J. H. Paul, the tidal waters of ^ 
Thames give such a scale, the eomposition being 
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very constant between 86-87 p.c. calcium in the absence of air, Pree hydrochloric acid 
S|j»l]phate, and 10-13 p.o. magnerium hydroxide, and iron are thus not found in the water; indeed 
which approximately agrees with a molecular the wifiter is slightly cdkaline, due to the solu- 
conmo»tion 3CaS04-Mg{H0)2. ' bility^of the excess of magnesium hydroxide. 

under bad conditions of working the ooncen- 
tration of the water in a boiler is sometimes rREVENTiON of Scale. 

allowed to increase to sucli an extent that The treatment of wrtor to prevent the 
soluble salts are deposited along with the true formation of incrustations or scale may either 
incrustatiomforming solids. Paul giv^s the be preparatory to its use in the boiler, or 
composition" of such a scale from a feed- water chemicals (generally sold as ‘ boiler fluids ’) may 
containing 20 grains of lime and magnesia, and be added from time to time to the water in the 
40 grains of sodium salts per gallon as': — boiler. In the latter case prevention of trouble- 

Calcium carbonate . *. 3*89 p.c. some scale may be possible, the added fluids 

Magnesium carbonate . . 1*10 „ causing precipitation in a form wnich can be 

Silica 0-09 „ easily removed by the sludge cock, but unless all 

Iron oxide . . . 0-77 .. scale-forming materials can be kept in solution, 

Sodium chloride . . . 77*09 „ an almost unroalisable condition, it is clearly 

Sodium sulphate . . . 1 1 *82 „ more satisfactory to remove the causes of trouble 

Sodium carbonate . .3*62 ,, before the water enters the boiler. 

< Combined water . . . .5*96 „ There is no relationship between the amount 

Ninety-five p.c. of this hard tougli crystalline of impurity in a water and its scale forming 
scale was soluble in water. The removal of I eharacte/, since concentration will soon increase 


scales of this ‘ 8(^liiblc ’ type is simjile, it being 
only necessary to 'olow down the boiler and fill 
up with fresh water and again empty. 

The formation of scale from sea w<ltcr is a 
matter of some irnportaivce, for although the 
use of sea ''water in boilers lias been almost 
eutir^y discarded in favour of the use of distilled 
water for the ‘ make up,’ made in the sliip’s 
evaporating plant, yet sea water frequently 
finds its way into the feed from leaky con- 
densers, or' througli priming in the evaporator. 
The scale from sea water is mainly calcium sul- j 
phate, together with magnesium hydroxide and I 
silica. Frequently the scale can he separated 
into a hard and soft portion, the latter containing 
a considerably higher proportion of magnesium 
hydroxide. The calcium sulphate may be 
between 80-90 p.o., magnesium hydroxide 
2-6 p.c., calcium carbonate is usually under 
1 p.o. One ton of sea water contains about 
3*5 lbs. of scale forming salts, of which a little 
over 3 lbs. is calcium sulphate. 

With low-pressure boilers it was possible 
to evaporate sea water without an^ serious 
trouble, providing the density was not allowed 
to become excessive (according to Lewes, to a 
density of 1*09 without deposition of calcium 
sulphate), but with modern boilers working at 
hi^h pressures, so that the boiling-point was 
raised above the criftcal tempoiature of de- 
position of calcium sulphate in brine solution, 
troubles from scaling became so developed that 
the use of such water in these boilers had to be 
abandoned. 

The formation of magnesium hydroxide is 
probably due to the interaction of the concen- 
trated solution of magnesium chloride on the 
small amount of calcium carbonate which would 
bO' the first substance to deposit, the magnesium 
carbonate formed later losing carbon dioxide. 
Such a reaction accounts for the very small | 
quantity of calcium carbonate in the scale. 
Magnesium hydroxide may also partly result by 
direct, hydrolysis of magnesium chloride which 
iltakes^laoe readily in contact with Iieated iron. 
(Hytirijchlorio acid is set free, and this is closely 
ISao&ated witli corrosion of the boiler on which 
it acts with the production of ferrous chloride, 
this further reacts with magnesium hydroxide 
precipitating black ferrous oxide (or hydroxide) 


the quantity from even a very pure water. The 
csacntiiil point is the cliaractcr of the dissolved 
solids, and accurate analysis is essential both 
from the point of view of determining suitability 
for boiler use, and the correct system of treat- 
ment necessary to render a natural water 
suitable. 

With purely carbonated waters treatment in 
a special form of heater, whereby the calcium and 
magnesium carbonates are to a considerable 
extent precipitated, may be satisfactory, but in 
general chemical processes are emploved. 
Although a largo number of reagents have been 
proposed and adopted with success in special 
cases, three only find extended use, namely, lime 
(as milk of lime or as cleiy lime-water), sodium 
carbonate (soda ash), and sodium hydroxide 
(caustic sod*). The action of lime on the 
bicarbonates is 

(!a(X)3*H3C03-l-Ca(H0)a---2CaC08+2Ha0 

MgC 03 *H 2 C 03 -fCa(H 0)2 

-Ca(;03H-MgtJ03-f-2Ha0 
The removal of calcium carbonate is never quite 
complete, and the reacLon is still less complete 
with magnesium bicr.rbonate. 

It can be ascertained when lime has been 
added in the requisite slight excess by the 
yellowish brown colouiatiou the water gives 
with silver nitrutc solution. . 

Limoehos no action on the salts which cause 
permanent hardness, so that it is seldom 
employed alone, |ji;t generally in conjunction 
with soda afh or caustic soda. Either or both 
of these reagents may be employed without 
lime, and will remove both temporary and 
permanent hardness under suitable conditions. 
8oda ash reacts as follows : — 
CaC()3*H2C08-fNaBC03-CaC03-f2NaHC08 

At temperatures above 160° the sodium 
j bicarbonate is converted into the normal car- 
bonate again, and carbon dioxide is liberated. 

With caustic soda the reaction is similgr, 
so that theoretically a small amount of either 
red^ent is capable of dealing with the temporary 
hardness of a large quantity of water, but there 
is always the liability oi the water becoming 
unduly alkaline by concentration. 

With magnesium bicarbonate it is frequently 
found thait when the correct quantity of 
alkaline carbonate or hydroxide is added there 
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irf no precipitation in the cold. W. A. Davis 
{Ic.) states that this is due to the formation of 
the soluble salts 

MgHC;0a-C08.Na or Mg(C0a-Na)8, * • 
according to the proportions used. Precipita- 
tion only occurs when the liquid is heated 
sufficiently to decompose these soluble double 
salts when a mixture of magnesium hydroxide 
and a basic carbonate, ]\lg(0H)-(H-C03), is 
precipitated. Consequently below a certain 
temperature it is impossible to completely 
soften magnesian waters containing small 
quantities of the bicarbonate, sulphate or 
chloride by means oi either sodium carbonate 
or hydroxide. 

It follows that a water containing magnesium 
salts if treated by these (ihemicals in the cold 
will deposit sludge or form an incrustation in a 
boiler or in feed -water heaters. 

The action of sodium carbonate on calcium 
or magnesium sulphate causes prceijntation 
of the respective carbonates and the formation of 
sodium sulphate. Sodium , hydroxide forms 
calcium hydroxide and sodium sulphate,* and 
the calcium hydroxide may then react on the 
salts causing temporary hardness, if these latim 
have not already been acted on directly according 
to the equation 
CaC03-H2C0a-l-2Na()H 

-Ca(X)3-hNa,C(>3-l-2HaO 

With these soluble alkalis it is important 
to note that Ihc water will be left with free 
alkali in solution if the salts causing temporary 
hardness are pi excess of the molecular equiva- 
lent of those causing permanent hardness. 
With calcium sulphate, on the other hand, in 
excess, or in molecular proportion, the sodium 
will all remain as sulphate 

0aCO,-HjCO,+Na?3O3-Ca0O3-l-2NaHCO3 
(Mol. Wt. 100). . 

Above 100° C. 2NaHC0.<,=-Na2C03 l-HaO+COg 
CaS 044 Na 2 C' 03 — CaCOg-fNagSO^ 

(Mol. Wt. 130). 

Accumulation of free alkali in boiler waters 
is objectionable ; it is commonly as.sociated with 
priming or foaming, and if the solution be at all 
concentrated, may cause attack of ^ass boiler 
fittings and even of the# gauge glass. For 
cert.iin industrial purposes also alkaline water is 
inadmissible ; for example, in alfecting delicate 
shades of colour in dyeing, and m the prejuiration 
of tan liquors. ^ 

Caustic soda requires using with discretion. 
It finds most useful application with waters 
containing the sulphates, chIRridos 'llnd nitrates 
ofccalcium and magnesium. 

Other chemicals which have been employed 
include magnesium oxide (or hydroxide), 
barium hydroxide and chloride, and the oxalates 
of potassium and sodium, but as they oiler little 
advantage over lime and soda, and are very 
much more expensive, they are but seldom 
employed. Aluminium sulphate, alum solution, 
or sodium aluminaio are sometimes emplcfred. 

A most successful system, both for boiler and 
industrial purposes, is PernmHie procoBs, 
and this gives an almost perfectly softened water, 
and the process is one Squiring the minimum of 
plant, it Wng simply necessary to pass the water 
through vessels containing the material. This is 
an artificial zeolite- ma^e by fusing together 
fliica, alumina (or China clay) and sodium 


carbonate, and extraoting the soluble portion 
with water. The crystall^e product is a doubly 
silicate of alumina and soda, approximating 
to the ’ctimposition AIa03-]Na,0-4Si0#*6Hj0. 
Generally a portion of the soda is replaced by a 
small quantity of potash (KaO) and Urae. ' , 

Water is passed through the crystalline 
material when the sodium is replaced quantita- 
tively by other metals, such as Iflne 
Ala03-Ifa20-4Si02-l-CaC()3-H2C03 ^ 

-Al2O3'CaO-4Si62+2NaHC08 

Alo03'Na20.4Si02-fCaS04 

=Al208'Ca0-4Si03-fNa2S04 

Tlio pormutite may bo regimerated when 
cxhaustiid by passing strong brine through it, 
and this therefore is practically the only 
softening agent consumed. 

With the ordinary permutite waters contain- 
ing iron cannot be treated, and a special form 
containing a proportion of the higher oxij^es 
of manganese is used. This causes oxidation 
of ferroiLs to ferric salts, which are precipitated. 

According to Bahrdt the pactions between 
the alkaline eartii metalsj, .{Wm pormutite are 
reversible, and calcium can displace magnesium 
from magnesium permutite if fiist formed, and 
more magne.sium imiy*at times bo present in the 
treated than in the untreated Bahrdt 

therefore recommends prior removal oi the 
temporary hardness by lime and confining the 
pcnniitito treatment to the removal of permanent 
hardness. Such treatment would require to be 
carefully controlled, as a too highly alkaline 
water spoils pormutite. 

The point must be emphasised that whilst 
with limo in the ccarect proportion to remove 
temporary hardness the precipitate is wholly 
I insoluble, and no soluble salts are formed, with 
I practically all other reagents an insoluble and 
' soluble salts are formed. The latter will increase 
by concentration in tlie boilej, and care must 
be taken that this does not oecome excessive. 
Especially is- this important where the soluble 
salt IS alkaline. 

Softening plant. Numeioys forms of plant 
are employed for carrying out the softening 
process ; in some the sludge is alWwea'to settle, 
two tanks being used alternately. To decrease 
the settling period tile sludge is generally stirred 
up with the fresh charge, and since the upper 
portion of the water clanlics first considerable 
saving of time (and consequent reduction in 
size of tanks) is possible by the use of a draw-off 
pipe carried by a float. Many softening, plants 
are provided with automatic means of measuring 
in the required reagents in the proportion 
determined by analysis, also with mechanically 
operated stirrers and suitable filtering arrange- 
ments. It has been found that the softening 
process is more complete when there is an 
accumulation of precipitated material in the 
filters, which suggests that the action of the 
sludge left in settling tanks is beneficial beyond 
its mere mechanical action in promoting 
clarification. 

With waters softened by the lime-soda 
treatment-, oven with heat, the actions arcKiften-f 
not completed in the tanks, and deposits 
found in the feed-water heaters and pip©^ 
These incompleted- reactions ai'e fftimarily due 
to magnesium salts, the behaviour of which has 
already been referred to. In the Arohbutt- 
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Deel^ process this trouble is overoome by 

r ing carbon dioxide into the softened water, 
gas being dri^wn of! from a coke freed 
from BT^phur dioxide by limestone, arid injected 
by the steam blower, which serves to draw the 
gases from the small producer. 

Boiler Fluids. 

The use of, an anti-incrustation fluid in the 
boiler is gr<?atly favoured by many enfjinoers. 
but is not such a satisfactory method of treatment 
as the prior removal of the scale-forming con- 
stituents. The method has the advantage of 
requiring no external plant, and for one or two 
boilers this is an advantage ; but for larger 
installations a proper softening plant is better 
and more general in practice, ft is obvious that 
precipitation of any solids by the boiler fluid 
takes pl&ce in the boiler, and the sludge so formed 
must be blown out at intervals. Some of the 
coif^pounds used are not without action on boiler 
plates, tubes and fittings, especially copper alloys. 

Sodium carbonate and hydroxide with waters 
containing little if the bicarbonates of lime and 
magnesium, especially if the water is slightly 
acid, give good results. With carj^onated 
waters the alkali will not be used up and the 
water may l;)gcpmo objectionably alkaline. 

Apimonium' chloride reacts with calcium 
carbonate, producing calcium chloride and 
ammonium carbonate, and the latter is decom- 
posed at boiler temperatures, ammonia escaping 
in the steaqi. With magnesium salts magnesium 
chloride may be formed, and this is an active 
corrosive agent. 

Sodium phosphate (Na 2 HP 04 - 12 H 20 ) is 
suitable for sulphated waters. Bicarbonates 
are also decomposed, apparently through hydro- 
lysis of the salt in solution with the formation 
of a small amount of sodium hydroxide. 

* Sodium sulpliiie and silicate are also some- 
times employed.' The former precipitates 
calcium sulphite, which is slowly oxidised to 
sulphate, in a non -crystalline form so that it can 
be mown off. Sulphites are, however, likely to 
cause corrosion, especially in the presence of 
nitrates, i^hicV. become reduced to nitrites, and 
as these decompose active corrosion may result. 
The objection to sodium silicate is its liability 
to harden otherwise soft incrustations. 

Ilany organic substances of the most varied 
character, starchy, albuminous and gelatinous 
materials, are used. Tho general action appears 
to be due to their colloidal character, which 
prevents the formation of crystalline deposits. 

Tannic acid, or sodium tannate, have been 
widely employed. The free acid decomposes 
the carbonates with the formation of insoluble 
taimates. Tannic acid may act on the iron, and 
should only be used with alkaline waters, and 
then under careful chemical supervision, i 
i^ahne solutions containing more or less sodium 
tannate are frequently employed, but it is 
probable that the anti-incrustation action is 
mainly physical and due more to the organic 
extractives than the sodium tannate itself, 
excej^ in so far as the alkali itself acts in 
^aceorSance with, reactions already dealt with. 

' * Oily Deposits. 

The presAioe of oil globules carried into the 
boiler by the condensed steam from the cylinders 
has been the cause of several boilers ooliapsing, 


owing chiefly to overheating of the crown plates 
of the furnace. Even with good mineral 
eylinc^r oils a process ^kin to steam distillation 
ma^ ^take place, so that portions of the oil 
normally of higher boiling-point than the 
temperature of the steam are carried forward in 
the condensed feed-water.* These oily globules 
attach themselves to any precipitated oaroonates 
or sulphates, rendering the material lighter, so 
that it is carried freely by the convection 
currents until meeting highly heated metal 
surfaces it becomes deposited. It is character- 
istic of such deposits that they occur as fre- 
quently on tho underside of tubes as on the upper 
side (where non-oily incrustations are usually 
much thicker), this being due to this circulating 
action. J’requently all oil may disappear from 
the incrustation, owing to excessive heating 
of tho metal in contact with it. 

Another action not generally recognised is 
that some oils derived solely from petroleum 
(mineral oils) are liable to oxidation with the 
formation of acids .akin to, if not identical with, 
fatty' acids, and these form insoluble soaps with 
lime and magnesia. With the latter in par- 
ticular tho soap is of an adhesive character, it 
collects other floating solids, and deposits a mass 
on plates and tubes. The free acids also attack 
copper, load and zinc of brass fittings, and the 
salts of these metals are frequently found in the 
incrustation. Paul has published analyses of 
several such deposits, a typical one from a 
wholly mineral oil being : — 


Uncombined oil . , . 49*99 p.c. 

Combined oily acids . .6*72 „ 

Zinc oxychloride , . 22*79 „ 

Lead oxide . . . . 0*47 „ 

Copper oxide . . . - 0*10 „ 

Ferric oxide . ' . .7*02 „ 

Magnesiy.m oxide . . 11*90 „ 

Silica . . . . . 1*10 „ 


When mixtures of saponifiable and non- 
saponifiable oils were employed for cylinder 
lubrication the formation of fatty acids which 
passed to the boiler feed water was much more 
serious, and led to the abandonment cf saponi- 
fiable oils. With boilers working at the high 
pressures now common, esjjoeially in conjunction 
with high super-heat of the steam, it has become 
a most important matter to select only cylinder 
oils of tho mghest quality, free from tendency to 
form acjtils. In every case where condensed 
water is used it is most essential to instal 
efficient means of rmnoving oil, either in exhaust 
steam separators or feed-water filters. Alu- 
minium sulphate or alum have been employt^d 
with success to aid the separation of the emulsi- 
fied oil, the aluminium hydroxide formed by 
precipitation with any alkali present oolleoting 
the oil globules, and their removal by filtration 
is facilitated. J, S. S. B. 

BOIS-PIQUANT BARK. The bark of Zan- 
thozylum carihoeum (Lam.), and Z. Perrottetii 
(D.G4. Used-in France as a febrifuge (Heokcl a. 
Schlagdenhaffen, Compt. rend. 98, 996). 

<»BOLDO. A shruJb, Peumue holdvs (Molina), 
belonging to the MonimiaceoB, growing in tiho 
Cliilian Andes. The bark is us^ in taring, the 
wood makes a good charcoal, and the bark end 
leaves contain a gluooside CaoHstO^, uaeM M A 
hypnotic ^nd oholagoguo (Cha^teau, Oonmt. 
rend. 98, 1062). 





BOLS* Oer.) A ferrugincpi day^like 
tttbstanoe, of red, brown, or yellowisb colour. It 
is not plastic, and when thrown into oer^ter 
fails to pioces with emission of streams of 
minute air- bubbles. It has an unctuous feel, 
and some varieties adhere to the tongue. When 
cut it presents a shkiing streak. Before the 
blowpipe it fuses to a yellowish or white enamel. 
Its composition is very variable, but its usual 
limits are from 41 to 47 p.c. SiOj, 18 to 25 p.c. 
AljO, and 24 to 26 p.c. H^O, with a proportion 
of FejjO,, which may reach 12 p.c. It will be 
noticed that the percentage of water is higher 
than in clays. The Fettbol of Freiberg in 
Saxony occurs in mineral veins, and contains 
only about 3 p.c. of AljOg. The iiole of Stolpen 
in Saxony is a yellowish substance containing 
only a trace of FcgOg. llammelsbcrg’s analysis 
yielded SiOj, 45'y2 ; AhOg, 22*14 ; CaO, 3-0 ; 
HjO, 25 -Sb. In the ‘ bole of Sinope ’ (sinopite) 
from Asia Minor the SiOj falls as low as 32 p.c. 
The ancients obtained this material from 
(lappadocia, and used it as a rod pigment^ It 
was also employed in medicine as an astringent 
(v. Lemntan Earth). 

The following is an analysis of bole, occurring 
in granite, at Steinkirchen, Bohemia : — Dried 
at 100° it yielded SiOg, 4()*73 ; AljOg, 20*17 ; 
FegOg, 12-34 ; OaO, 1 -04 ; MgO, 1-31 ; K,0, 0-98 ; 
MnO, 0-28 ; loss on ignition, 10 63 (G. Starkl, 
Verh. k. L Gcolog. Keichs. Vienna, 1880, 
279). 

Bole is frequently found as a product of the 
decomposition of basaltic rooks. Thus the 
sheets of basalt in N.E. Ireland, representing 
Tertiary lava- flows, are separated by partings of 
bole, associated with lithomarge, bauxite, 
pisolitic iron-ore, anil scams of lignite. The 
•Antrim bole is described as a poor variety of 
aluminous iron-ore (G. A. 3. Col», The inter- 
basaltic rocks (iron ores and bauxites) of north- 
east Ireland, Mem. Geol. Survey, Ireland, 1912). 

L. J. S. 


BOLOGNIAN STONE, A native variety of 
barium sulphate found as nodular masses 
embedded in clay near Bologna ; when partially 
reduced to sulphide by calc^ation with charcoal 
it exhibits phosphorescence. Vanino and Zum- 
busch (J. prakt. Chem. 1911, 84, 305) have 
attempted to ascertain the factor.^ which 
determine the phosphorescent quality of Bolopa 
stones. Good samples may vary in* sulphur 
content between 12 and 33 p.c. Marked phos- 
phorescing power seems tc»depei)jj upon the 
ptesence of polysulphides j nroduc's containing 
only monosulphide are deficient in this respect. 
The presence of calcium oxide appears to increase 
the phosphorescing power (i?. Barium and 
Barytes), 

BOLORETIN V. Resins. ' 

BOMBICBSTOBOL V. Sterols, 
bone* Bony tissue may be either compact 
' *8 in the shafta^of the long boneff, or spoijby or 

MHceU»ted m in tho flat bones of the M and 
in the Mtremitiee of the long bones j hore*an 
wtatnal oompaot U^pr encloses a mMs of 

‘ SwlwwoidlpM. From the embyolo|«^ 

feTof vietf, bones may be ivided into 
hoaei and memtone bones. Ihe 
ott^ bone* «e thow wbioh in,embryomo 
pwoeded by eartflaginoue prefigure- 

Vnt. 


menta; these oomprise the leejority of the bones 
in the body, and include all the long bones except 
the olavlcV- In the case of ^aemhrane bones 
(for instance, the flat bones of the oraniunf), there 
is no such preliminary cartilaginous prefigure- 
ment. It must not, however, be supposed tha^ 
in the cartilage bones the cartilage is converted 
into bone ; for here, as in the cases where there is 
no carlfilage present, the true bony tissue is 
laid doRTi oy the agency of certain cells termed 
osteoblasts in the connective tissue sheath 
(periosteum) of the bone, and the cartilage 
when present, after undergoing a certain amount 
of calcification, is then entirely eaten away by 
certain large cells called osteoclasts. In the 
cartilaginous, as distinguished from the bony 
or teleostcan, fishes, the replacement of the 
cartilage by true bone does not occur. 

Bone is deposited in concentric lamina, the 
majority of the layers encircling the chamifels 
called Haversian canals, in which the blood- 
vessels lie. The living elements in bone, the 
bone cells, lie in spaces b^^en the lamina, 
and these spaces (lacunafe /intercommunicate 
by minute canals, in Avhich lymph flows and 
maintains their nutrition. 

The chemical materials present ^are organic 
and inorganic. Tho organic ‘baaterials^ are 
proteins and nuclein derived from the bone 
cells, a small quantity of an elastin-like sub- 
stance which forms a lining to tho Haversian 
canals, and a mucoid or glucoproteiij; but the 
principal organic material, sometimes misnamed 
bone cartilage, is bettor termed osse’in. Ossein 
is identical with the collagen of connective tissues, 
and like it yields gelatin on boiling with water. 

If the inorganic salts are dissolved out by 
mineral acids, the ossein remains as an elastic 
mass which preserves the original shape of the 
bone. . ' 

The inorganic constituents remain as the 
so-called bone earth after tho bone is completely 
calcined ; it consists chiefly of calcium phosphate, 
but also contains calcium carbonate, and small 
amounts of magnesium, chltrine, and fluorine. 
Gabriel (Zeitsch. physiol. Cheijfi. IBI states 
that potassium and sodium also occur. Traces 
of iron come from tl^o blood in the bone, and of 
sulphate from chondroitin-sulphurioacid(M6mer, 

ibid. 23). 

Investigators differ as to the mannOT m 
which the inorganic substances are oombinod. 
Chlorine and fluorine are present in the same 
form as in apatite (CaFlj'SCagPiOg), ^ and 
according to Gabriel, the remaining mmcral 
constituents form the combination 3(CasP|0«) 
CaCO,. He gives as the simplest expredsion 
for the composition of the ash of bones and 
teeth the formula Ca 8 (P 04 )g+Ca 5 HPa 0 ,,-f HA 

I in which 2-3 p.c. of the limo is replaced by 
magnesia, potash, and soda, and 4-6 p.c.^ of 
the phosphoric acid by carbon dioxide, cmorhie, 
end fluorine. 

Zalesky’s analyses (Hoppe-Seyler s sAsd* 
Ohem. Untersneh. 19) show how closely bop® 
earth agrees in composition in different anim^. 
The figures represent parts per 1000. (8ee (Bepte.); 
The various bones of the skeleton differ a gQtip 
deal in the proportion of water, ^anic solta^ 
and inorganic solids which they conta^ Tbu 
depends to some extent on the admixture cl 
marrow, blood-vessels, and other formatkKOi 

8 ^ 
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from which it is diflBowlt to free entirely the 
bsseons tiseue proper. The quantity of water 
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in fresh bones thus varies from 14 to 44 p.c., 
and of fat between 1 and 27 p.c. The quantity 
of tota^, organic substance varies from 30 to 
62 p.c., the remainder being inorganic. 

eftho marrow is from the chemical point of 
view mainly fat ; its cells yield protein ami 
nucleoprotein. 

On a rough ^erage it may be said that two- 
thirds of the aolicls Consist of inorganic and one- 
third of organic compounds. 

With regard to the minute composition of 
bones at different ages, wcr have no very accurate 
inforraationP' Voit found in dogs and Brubachcr 
in children, that the water in the skeleton 
decreases and the ash increases with advance 
of years. Graffenberger’s observations on rab- 
bits confirmed this view. 

A great many experiments have been made to 
determine the influence of food — for instance, 
rich or poor in lime salts — on the composition 
of bone, but the results have been doubtful or 
contradictory. The attempts to substitute 
other alkaline earths for lime have also given 
uncertain results (see H. Weiske, Zeit. f, Biol. 
31 ; also Hammarsten’s Physiol. Chcm.’translated 
by Mandel). 

A large number of data have also been 
published regarding the variations in chemical 
composition in different diseases of bone. Thus 
in exostoses the inorganic material is usually 
increased ; in rickets and osteomalacia, the 
proportion of water and ossein to bone earth is 
raised. The view that lactic acid is responsible 
for the washing out of liine salts from bones 
in-ifickets is, however, discredited. 

The somewhat rare condition of a curious 
protein (called Bence-Jones protein, after its 
discoverer) in the urine is almost invariably 
associated with bone disease (osteomalacia, or 
malignant new growths). This protein in many 
of its characters resembles a proteose, but is 
probably derived from the mucoid of osseous 
tissue (Rosenbloom, J. Biol. Chem. 1910, 7, 
Uf Williams, Bio. Chem. J. 1910, 6, 226). 

On heating out of contact with air, bone 
evolves a large quantity of volatile matter 
(v. Bonb oil) which contains ammonia, pyridine 
bases, pyrrol, nitriles, &o. A black residue is 
lefL consisting of the bone ash in association 
w^ carbon, which is called animal charcoal (g.v.J. 

the industrial uses of bone are very numerous 
©volve a large import trade ; not only is 
j^self made mto many utensils, but 
materials made from the bone (charcoal, 
fene a^, gstetin, &o.) are put to many uses. 

. Thus animal charcoal or bone black is cm- 
in many ohenidoal operations, in sugar 
/as a polish lor silver work, Ao, 


Bone meal and bone ash are- extensively 
employed as manure, and in the preparation ot 
ther superphosphates of ’commerce. 

The gelatin in an impure form is used in the 
preparation of paper, silk, furs, &o., and the 
purer varieties are also put to numerous uses, 
for instance, as a clarifying agent in the prepara- 
tion of#wme8, beers, liqueurs, for food in the 
preparation of soups, jellies, and puddings, in 
the making of photographic films, and in 
Bacteriology for the preparation of culture 
media. (iSee Merck’s Waren-Tjexikon, arts. 

‘ Knochon,’ ‘ Knochenasebe,’ ‘ Kaochenkohle,’ 

‘ Knocbonbl ’ ; H. Ost, Lchrbuch der Chem. 
Technologic, Cth ed. 1907, ‘ Knochenmehl,’ 
187, ‘ Knochenleim,’ 621 ; Dammer, Handbuch 
d. chem. Tcchnologie, 1 898, 6, art. ‘ Knochen- 
verarbeitung,’ 264.) 

'J’he mcnijon of gelatin as food suggests a 
word on its nutritive value. It is easily 
digestible and assimilable, and so is much em- 
)loyod in invalid cookery ; nevertheless, it has 
ongv been recognised that it is of inferior 
nutritive value. If animals receive gelatin as 
their solo nitrogenous food, they waste and die 
more rapidly than if nitrogenous food is entirely 
withheld from them ; still, when mixed with 
other proteins, less of the latter is sufficient to 
maintain life. Recent investigations on the 
chemistry of proteins have slio^vn that gelatin 
is destitute of the tyrosine and tryptophane 
groups, and those groups appear to bo of special 
value or even indispensablo for tissue repair ; 
the previously puzzling behaviour of gelatin in 
nutrition is thus explicable. W. D. H. 

BONE ASH V. Bone and Fbetilisers. 

BONE BLACK v. Animal chaecoal. 

BOp; EARTH. Tht calcined residue of 
bones, consi^sting chiefly of calcium phosphate 
(v. Bone). 

BONE FAT is the fatty matter contained in 
the bones of animals, and is practically a by-pro- 
duct in the process of working up bones, whether 
it be for the manufacture of bone char or for the 
production of glue and gelatin. Ir. 3^hor of 
those manufactures, tho ‘ degreasing * ' of _ the 
bones - precedes Ml further manipulations. 
Bones from head, ribs, shoulder blades, &c., 
contain from 12 to 13 p.c. of fat, whilst the 
‘ marrow ’ bones, i.e. tho^ large thigh bones, 
contain 'ns much as 18-20 p.c. Formerly bone 
fat was produced by boiling the broken bones 
with water in open vessels, and allowing tho 
hot liquor ife stand, so that the fat could separate 
on tho top and be skimmed off. In the oasdTof 
fresh bones, the recovered bone fat had a white 
to yellowish cdlour, a faint odour and taste, 
and the consistence of butter. When putrid 
bones were employed, the bone fat passed, 
according to age and state of decomposition 
of the organic matter in the bones, through all 
padations from a white fat to a dark r^oid 
fat of a very disagreeable smell The boiling* 
out process allows only about one-half of the 
fat to be recoveredr. The small yirid, and the 
nuisance connected with the prepatittion of 
the bone fat forced thd manufacturers to tfeat 
the bones with steam under pressure. 'J^o 
broken bones were placed in a cage fixed inside 
an autoclave, and wgre heated therein wtth^ 
open steam, under a pressure of 2 to 3 atntO' 
spheres. The bonelat so obtained utm of ^ 
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same quality os that prepared by the former 
process. The best bone fat obtainable in the 
market is at present prepared by this pfoaess, 
especially in the large packing houses <Jf the 
United States and South America, where the 
bones are worked up in the fresh state. They 
are first washed in ' bone- washing machines.* 
These are cylinders usually 10 feet long and 
3 feet to 4 feet in diameter, built up from iron 
bars, 1 inch apart, fixed into two cast-iron 
heads. They are driven by chain and sprocket, 
and rotate slowly, making about ten revolutions 
;^r minute. Through the entire length of the 
drum there is a hinged door made of bars, 
which allows the filling and emptying of the 
cylinder. The machines are usually set at an 
angle to facilitate the washing and emptying 
operations. Some manufacturers even resort 
to steeping the bones in a solution of sulphurous 
acid in order to obtain a whiter fat (as also a 
better glue) than imbleaclied bones afford 
however, Head and Lloyd, .1. Soc. (’hem. 
Ind. 11)12, 31, 317). The yicm of bone fat the 
steaming-out process under pressure js con- 
siderably higher (by about 50 p.c,.) than in the 
boiling-out process in open vessels, so that from 
bones containing 12 p.c. of fat, 8 to 1) p.c. can be 
^ recovered. 

Bone fats of this quality can bo bleached, 
but only the best kinds are likely to yield a 
good product • The higher the percentage of 
free fatty acids, the greater is the difficulty m 
bleaching. In fact, products containing rmu’e 
than 50 p.c. of free fatty acids could hitherto 
not be bleached sucoessfully. 

Tlie highest yield of bone fat is obtained by 
treating the bones with an organic solvent, 
wWeby the animal Ussue remains unimpaired, 
so that the whole of the glue-yi^ding organic 
substances can be converted into glue after the 
fat has been removed. The solvent used in bone- 
extracting works is almost exclusively petroleum 
spirit or Scotch shale oil, boiling between 100“ 
and 130“. Proposals have been made to use 
carbon totracliloride or chloro- compounds of 
ethylene and ethane. Experiments with carbon 
tetrachloride have, howcvoi^ been abandoned as 
unremunerative. Extraction with ‘ benzine ’ or 
shale oil takes place in iron digesters under 

E “ 38 ure or in open apparatus. The fat obtained 
the extracting process is dark-brown, and 
a very penetrating, unpleasant ^oll. In 
addition to a considerable amount of free fatty 
acids, it contains lime-soa^, calc^im lactate, 
cjycium butyrate, and hydrocarbons from the 
‘ benzine ’ which cannot be fully removed oven 
by prolonged steaming. Hitherto, this kind of 
fat has not been treated successfully, and even 
when some immediate improvement was ob- 
tained, the colour and also the unpleasant smell 
‘ reverted ’ after a short time. A patent by V ol- 
^ land (D. R. P. 2226G9) claims, however, to bleach 
extracted bone fat by means of barium peroxide. 

In von Girsewald’s process (Fr. Pat. 430016, 
1911) the vapour of the petroleum spirit, or 
other solvent finally remaining in the pores of 
the material is condensed by the introduction 
of vapour of the same solvent at a prcBsure 
inefficient to produce condensation witnin the 
©jetractor. lifee complete extraction of the 
is tiius effected an5 the re-admftsion of air 
' |b prevented. 


The process patented by Schmidt (Eng. Pat. 
6368, 1913) hasW its object the rapid separf- 
tion of xtater from the solventf This is effected 
by condensing the vapours from the extractor 
in a series of compartments at temperatures just 
below the boiling-point of the solvent or of tht 
respective fractions, and conducting the con- 
densed liquids to a common separator, where the 
water iaremoved prior to the return of the solvent 
to the extractor. 

A method of removing the fat from bones 
without the use of a solvent is claimed in 
Powling’.s process (Eng. Pat. 8397, 1912), the 
material being agitated in a steam jacketed 
cylinder until tlie fat has separated and the 
water has evaporated. 

The bone fat obtained by the boiling-out 
or steaming-out process can be used for soap 
making ; the fat- obtained by the oxtracHng 
process is utterly unsuitable for that purpo^ in 
this country, on account of its rank smell. 
On the continent, however, such benzine- 
extracted fat is used up for^i'if in small quanti- 
ties, especially when the price of fatty materials 
is high. The bulk of bone fat is, however, used 
in candle works, '^vhere it is hydrolysed in an 
autoclave and subsequently sujyefted to the 
usual acidifying and distilling processes. ^ 

Bono fat is an important article of commerce. 
The chemical composition of bone fat lies 
midway between that of marrow fat and tallow. 
On account of the largo amount o^ fatty acid 
contained in bone fat, this fat must be examined 
by special methods, for which the reader is 
refened to Lcwkowitsch, Chemical Technology 
and Analy.sis of Oils. 

Bone oil, fatty bone oil (not to be confounded 
with Dippel’s oil), is the liquid portion of bone 
fat which is sometimes prepared in the same 
manner as tallow oil is obtained from tallow. 
Bone oil is used as a lubrfcant, and in the 
leather industries replaces noat’s-foot oil in 
the preparation of ‘ fat liquor ’ and other 
emulsions. If such bone oil is free from fatty 
acids, it represents one of i/bo best lubricating 
oils on account of its very low ‘ ©old iiaat.’ 

J. L. 

BONE MEAL •Fertilisers. 

BONE OIL. Animal oil; DippeVaoil; Oil 
of hartshorn ; Oleum animale empyreumaticum ; 
Oleum cornu cervi ; Oleum Dippelii. {Knock'' 
enoly Thierol, (iler.) The product obtained bv 
distilling bones in the preparation of bone black 
or animal charcoal. The first mention of on 
animal oil appears to be in the writings of 
C. Gesner, 1652, and of A. Libavius (Alchemia 
Lib. II., Tract II.), 1596, whilst J. R. Glauber 
(1604-1068) also describes the unple^ant- 
smelling oil derived from the distillation of 
animal parts. Apparently the first consistent 
steps in an examination oi the oil were made by 
[.Johatm Dippel in 1711, and afterwords by 
! 0. Unverdoroen (1826), who isolated from it 
four bases which he described as odoririf animinf 
olanin and ammolin. The investigations of 
Anderson (Trans. Roy. Soc. Edin. 16, 123^ 463 ; 
20, 247 ; 21, 219) were the first in which the pui# 
pyridine bases present in the oil, were obtaiiwiil). 

The bones are iirst boiled in a l^rge quantity 
of water, which removes the greater part of the 
fatty matters ; they are then roughly dried and 
are subjected to dry disUilation in iron retorts, 
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similar to those used in the manutaoture of coal 
Bone black or animal charcoal remains 
behind and bon^ oil distUs. The prcrducts of 
distillation are conducted through long iron 
tubes, which act as condensers and lead into 
ieceivers, where the crude bone oil collects, 
together with water. The gases are then passed 
into a separator containing sulphuric acid to 
retain amnvinia, and can afterwards be Msed for 
heating purposes, or, if passed through purifiers, 
for illumination. The crude oil is separated 
from the aqueous distillate and is subjected to 
redistillation. The aqueous liquid consists of a 
solution of ammonium sulphide, ammonium thio- 
cyanate and cyanide, ammonium carbonate, and 
small quantities of very volatile organic bases. 
This is treated with sulphuric acid and afterwards 
distilledf with slaked lime. The distillate, on 
treating with solid potash, yields large quantities 
of ammonia, whilst some oily bases separate out, 
and are afterwards worked up with the bases 
contained in the crude oil. This latter is a 
dark-brown, liquid, having a foetid, 

most offensive smell, and a sp.gr. 0‘970. 

On subjecting it to redistillation it begins to 
boil at SO*’, when quantifies of ammonia come 
over togetlpur with an oil. The temperature 
rises ^ very gradually to about 250°. From 
180° upwards large* quantities of ammonium 
cyanide and ammonium carbonate sublime over, 
and care has to be taken to prevent the con- 
denser being stopped up. A black resinous 
tar remains, which is employed in making 
Brun s wick black. 

The following substances have be^n isolated 
from bone oil by fractional distillation com- 
bined with treatment with acids to separate 
basic from non-basic constituents ; — 


Chuf constUn ents S ubsid lary consiituenU 

Butyro-nitrile Methylamine 

Valero-nitrilo ' EthyJamine 

Hexo-nitrile Aniline 

Isohexo-nitrilo Pyridine 

Beco-nitrile Methyl-pyridine 

Palmito-nitrile Bimethyl-pyridine 

Steare^nitrite Quinoline 

PyoTolo Plienol 

Methyl-pyrrole *■ Propionitrile 

•‘nimethyl-pyrrole Valeramide 

Toluene 

Hydrocarbons CjoHij Ethyl- benzene 

1 Cj iHj, Naphthalene 

(Weidel and Ciamician, Ber. 13, 65). 

As to the formation of the various compounds 
in bone oil, the nitriles are formed by the action 
of ammonia on the fatty acids, pyrrole and the 
pyrroles are the products of decomposition of the 
j&tinous substances, and pyridine and its 
li&rjvatives are condensation products of acro- 
lein, from the dry distillation of the fats, with 
ammonia, methylamine, &c. 

Pyrrole. That portion of the non-basic part 
bone oil boiling at 98°-150° contains pyrrole 
its homologues. Ciamician and Bennstedt 
(Bw, 1886, 19, 173) purify the crude pyrrole by 
ior many hours under reflux with solid 
iikiU, until the solid mass becomes 
l^d. After cooling, the unaltered oil is 
separated from the Bold residue, and the residue 
p^dered and washed with absolute ether. 
Wi|j^ iff added and the mass distilled in a 
ourfent U ateam wlen the pyrrole distils over. 


The fraction 140^-lSO** onnsiftB of a miilittre lof 
homopjnrroles — i.e. methylpyrroles. That above 
16Q° f contains dimethylpyrrole. To separate 
the and jS- derivatives, the mixture is 
converted into the potassium compound by 
fusion with potash, and heated in a current 
of carbon dioxide to 200°.'‘ Two isomeric horab- 
pyrrole carboxylic acids are formed, which ^ffer 
in the solubility of their lead salts. a-Homo* 
pyrrole'carboxylio acid melts at 169 ‘5°, and its 
lead salt is very soluble in water, differing from 
the j 8 -acid, which melts at 142’1°, and forms a 
slightly soluble lead salt. The acids obtained 
respectively yield on distillation with lime the 
corre.sponding methypyrroles. a*Homopyrrole 
boils at 148° under 750 mm. pressure, and 
jS-homopyrrole at 143° at 743 mm. 

The constitution of p 5 TTole is represented as 
follows CH=CH, 

the positions 2 anjJ 5 and 3 and 4 being known 
as tfre o- and 3 - positions respectively. It boils 
at 1.30°-13r, and its sp.gr. is 0-9762 at 12°. 
Refractive index 1*5074 (Gladstone, Chem. 
Soc. Trans. 1884, 246). It is slightly soluble in 
water, readily soluble in alcohol and ether. It 
is a weak base, and is only slowly dissolved by 
dilute acids in the cold, it also possesses faintly 
acidic properties. 

By the action of iodine on potassium pyrrole, 
tetriodopyrrole is formed, which crystallises in 
yellowish -brown prisms and decomposes at 
about 140°. It acts like iodoform as an anti- 
septic, and is known as i o d oL It has the advan- 
tage over iodoform of being free from smell. 

Pyu^plo has been synthesised by passing 
acetyleite and ammoma tlirough red-hot tubes : 

2C,7l,+NH,=C,HM-j-H,; 
also by distilling the ammonium salts of mucic 
and saccharic acids. Succiniraide, on heating 
with zinc-dust containing zinc hydrate, also 
yields pyrrole 

CHj-€0 CH=CH 

I \nH+2H,= I \nH+2H,0 
CH,— do '■ CH=CH 

Most of these methods give only a small 
yield of pyrrole, but Khotinsky (1909) obtained 
a 42 p.c. yield by heating ammonium mucatb 
with an ekxcess of glycerol, saturating the mixture 
with ammonia at 370° and then distilling at 
320°-30°. ^ 

Potassifim dissolves in pyrrole with the 
formation of potassium pyrrole C 4 H|NK,«*a 
substance insoluble in ether and decomposed by 
water into pyrrole and potassium hydrpxide. 
This substance reacts with alkali iodides to fottn 
substituted pyrroles ; e.g. : 

N-MethyfpyrrPle, ; boils at 

sp.gr. 0-9203. 

N.Ethylpyrrole C.H.N-OaH. ; boils at IM® *, 

{ mgr. 0-9042. 

N-Phenylpyrrole obtained W, 

dimming the anilides of mpeio and saeohim 
acids, melts at 62°. The homologues of p;jum^ 
contained in bone oil ISre, however^ all 
tuted in the group C 4 H 4 . 

Pyrrole homologues may be prepared 
PaaVs method, which cconslsts in the oondeoi^ 
tion of 7 *diketone 8 (e.p. 
ammonia; ' 
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By the action of bSnzalchlorido on pyrrole in 
presence of sodium a phcnylpyridine is obtained 
m which the phenol is in the raeta- position to 
the nitrogen (Ciamician and Silber, Ber. 20, 191). 

By reducing pyrrole with zinc and acetic acid 
A* pyrroline is produced (Ber. 1901, 3962). 
Electrolytic reduction to the same substance 
may be effected by suspending pyrrole in dilute 
sulphuric acid in the cathode cell of an electro- 
lytic apparatus, the cathode being lead, and 

B a current of density 1 amp. per sq. cm. 

jgues may be similarly reduced (I). R. P. 
127086, 1902). The stronger reduction of 

pyiTole, by means of hydriodic acid and phos- 
phorus, or by passing pyrrole vapour mixed with 
hydrogen, over reduced nick(j^ at 180°, converts 
it' into pyrrolidine (tetrahydro pyrrole) (\HfN. 

Novseent hydrogen converts pyrrole into ' 
pyrroline U 4 HaNH, a liquid boiling at 91° which 
dissolves easily in water. It yields, with nitrous 
acid, a mtrosoamine C 4 H 4 N’NO, m.p. 37°, 
and on heating with methyl iodide gives methyl- 
pyrroline (Bor. 16, 1636). 

Pyrrole is readily oxidised to maleimidc 
C^HaOjN, wliidi forms faintly yellow crystals, 
melting at 93°, and readily yields a dihromide, 
melting at 236° under the iiiAuence of light and 
bromine water (Atti. R. P)04, (v.) i. 489). 

The action of formaldehyde, and jnethyhne 
chloride on pyrrole is described by Pictet and 
Rilliot(Ber. 1907, 1166). 

By the action of dhloroform in absolute ether 
on the potassium derivative of pyrrole, jS-chloro- 
pyridine is obtained. 

Pyrrole derivatives condense with aldehydes 
under the following conditions: (1) When the 
derivatives contain at least one hydrogen atom 
combined with a carbon ateJm of the nucleus, 
either in the a- or jS- position ; (2) when both 
a- and j8- positions are occupied by substituents, 
no combination occurs evei^ if the iminic hydro- 
gen is present ; (3) pyrrole derivatives containing 
niore than one CH group in the ring may com- 
bine with aldehydes in molecular proportions (Ber. 
1902, 1647). On the constitution of the tripyrrole, 
obtained by passing dry hydrogen chlOTido into 
a benzene solution of pyrrole, see Tschelincev, 
J. Russ. Phys. Chera. Soc. 1^15, 47 #1224. 

• Indole C«H 4 <;^g^CH is obtained by dis- 
solving pyrrole in 10 p.c. sulphuric acid, allow- 
ing the mijeture to stand 1-2 hours, and then 
Stilling in steam after adding excess of sodium 
' hydroxide. Ihethyl indole prepared by this 
orocess is a viscid ill-smelling oil, boiling at 
; S70‘^-.310° (H. R. P. 125489). , . ^ , 

Pyrrole mi|y also be converted into jndole 
by dissolving in dilute hydrochloric acid, 
adding slight excess of ^ammonia, filtergig, 
e^traSihig the filtrate twice with ether, end 
fcflatingttn tripyrrolin® obtained in the extract 
to iS^e 800°, when indole end pyrrole result 
(Ber. 1894. 476). 

Indole jany nlso be obtained by the reduction 
oi f^ajtr^phanyl ioetaldwyde, by fudbn of o-ni- 
; . trooinnamio aoid with iron and caustic potash 


N0,C,H4*CH : GH‘CO,H+2KHO-b4H 

* ==Ka0q.+8H4O+C«H7M 

or from* (f-aminophenylacetamide by ^temal 
condensation to the amino-indole and subsequent 
reduction with sodium amalgam (Psohorr). 

It crystallises in colourless laminae, melts af 
52°, and is soluble in hot water. It behaves as a 
feeble base. On treatment with sedium ethoirfde 
and chibroform it is converted into quinoline. 
The indole molecule is rather difficult to oxidise, 
without more or less complete decompositiori, 
but if it be first converted into 1 -benzoyl indole 
then on oxidation in acetone solution by 
potassium permanganate it yields benzoyl 
anthranilic acid readily, from which anthranilio 
acid is easily obtained by hydrolysis. In a 
similar manner halogen substituted inc^les can 
bo obtained by the direct action of halogen on 
the benzoyl indole in carbon bisulphide solutj^n, 
followed by hydrolysis of the benzoyl group with 
aqueous ammonia (Weissgerbor, Ber. 1913, 46, 
661). When large quantities of indole are 
distilled, a small quantity boiling residue 

is left behind, this is a trimcric form of indole 
(Keller, Ber. 1913, 46, 720). Substituted indoles 
may be prepared 'by, the action of heat and a 
catalyst (zino chloride or cuprous chloride) on 
the hydrazoncs of aldehydes and ketongs e.g. 
methyl ethyl ketone phenylhydrazone at 
180°-230° with a trace of cuprous chloride yields 
2‘3'dimcthyl indole (Arbuzor, J. Pvuss. Phys. 
Chem. Soc. 1913, 45, 70). Primary and 
secondary amines on condensation with 
mesoxalic esters also yield substituted indole 
derivatives; thus from aniline, dioxindole-3* 
carboxylic acid is obtained, from which dioxin* 
dole results on hydrolysis of the carboxylic 
acid ester in the absence of air (Guyot and 
Martinet, Compt. rend. 1913, 150, 1626) 

0 (HO)aCC()OR. 

+ I 

V ROOC 
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Pyrrole may be converted into telramethylene 
diamine as follows. On treatment with hv- 
droxylamine, a solid compound, probably the 
dioxime of succinaldohyde, is formed, and this, 
by reduction with sodium and absolute alcohol, 

I yields tetramethylene diamine. 

Pyrrole derivatives of the constitution 
EtOgC-U-CMe 

I ^N-C,H.NO, 

HC=CPh 

have been synthesised from the three nitro*> 
anilines by the action of ethylphenacyl acetate 
(Ber. 1907, 1343). 

In addition, a large number of pyrrole 
derivatives has been synthesised by Poal and 
Braikoff.(Ber. 1890, 1086, and also Ber, 1886, 
658, 3156). • , . M 

The physiological action of pyrrole and jw .:. 
derivatives is characterised by their paralysMi’ 
option on the peripheral nerves copnected wiw 
the mechanism of the heart. By the introduc- 
tion of a side group, such as, for Instanoa, lihA 
inaotive pyridine ring, tj^ physiologiiMl cAiot la 
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greatly intensified. The action of 1 -methyl 
j^rrolidine resembles that of nicotine, atropine, 
or cocaine, as m^ght bo anticipated inbrn their 
similarity of constitution (Chem. Zentr. 1902, 
ii. 390). , , , 

* Chloro- and Bromo- Pyrroles. Sulphuryl 
chloride in excess acting on an ethereal solution 
of pyrrole at .0*^ produces 'pentachloropyrrole in 
nearly theonotical yield ; b.p. 209° or 142°^16 mm. 

If two molecules only of sulphuryl chloride are 
used, followed by bromine (2 mols.), chloro- 
irtbTomopyTrole C 4 NirBr 8 Cl is obtained, which 
separates from light petroleum in large prismatic 
masses of a pink colour. 

Sulphuryl chloride (3 mols.) followed by 
bromine (1 mol.) gives dichlorothhrmnopyrrole 
C^HNClaBrj, which crystallises in large shining 
scales dlcompo.sing just above 100° ((lazz. chim. 
ital. 1902, 313). 

OCl : CCL 

Trichloronionobromopvrrole \ ^NH 

CBriCCK 

may be obtain^iSJ^V the action of sulphuryl 
chloride and bromine on ethereal solution ot 
pyrrole at 0°. It crystallises m monoclinic 
prisms with yellowish-red^ rellox, turning brown 
at 105°, and-Jiielting and' decomposing at 115° 
(Gazz, chim. ital. 1902, 313 ; 1904, ii. 178). 

Monohalogen derivatives of pyriole may be 
prepared by the action of magnesium methyl 
' iodide on a secondary pyrrole, followed by 
halogen at, low temperature (Hess and Wissing, 
Ber. 1914, 47. L4Kd. 

_ 

ri or r I! I I +MgX'Hr 

NMgX NH Nil 

These compounds are very unstable, and de- 
compose even on keepmg ; thus, bromo- 
pyrrole explodes violently even when kept in a 
sealed tube, decomposing mto carbon and 
ammonium bromide. 

The dlmethylpyrrole contained in the fraction 
of bone oil boiling above 150° has been obtained 
synthetically as follows : By the action of am- 
monia diwetosuccimc ether, the ether of 
dlmethylpyrrole dicarboxylic acid is obtained. 
This, on saponilication, yicKis the acid, and, pii 
halting, carbon dioxide i. split off, leaving di- 
methylpyrrole. It has the composition 
CH-CCHa 

I 

CH=(>CH, 

and is an almost colourless oil boiling at 165°. 
It is very volatile with steam, colours a pine 
splint an intense rod, and ^elds on boiling with 
acids a pyrrole-red similar to other pyrrole 
hpmologues. 

Pyrrolecarboxyllc acids C4(NH)H3COaH. The 
o-aoid is obtained from a-homopyrrole by fusion 
with potash or by the action of tetrachloride 
of caAon and alcoholic potash on pyrrole. It 
melts at 191°, and differs from the acid in 
forming a soluble lead salt. On heating with 
aceticwaijJiydride, the substance pyrocoll 

• CO 

^ • Ix) — N=i.H, 

is formed, which is a product obtained by dis- 
tiUiiu gelatine (Ber. 17, 103). 

^d^rrdtearjboxylio aeld is formed by fusing 


j3-methylpyrrole with potash. It crystallises in 
fine needles, melting at 162°, and forms an in- 
Bolfbfe lead salt. 

I?-Acetylpyrrole C4H4N’C2H80, obtained by 
the action of acetyl chloride on potassium 
pyrrole, is an oil boiling ^t 178°. It is decom- 
posed by alkalis into pyrrole and acetic acid 
(Ber. If), 2352). 

C-Acetylpyrrole C 4 H 3 ( 0 .,H 30 ){NH) is formed, 
together with the foregoing, by acting on pyrrole 
with acetic anhydride. It melts at 90^ and 
boils at 220°, but is not decomposed by alkalis. 

A di-indole has been obtained from di-(ortho- 
nitrophenyl-broino) ethylene by reduction with 
stannous chloride to the corresponding di-amino 
compound, followed by elimination of hydro- 
broniic acid, lirst by boiling for a short time with 
alcoholic jucric acid and subsequently with 
alcoholic poia.sh (Ruggli, Bor. 1917, 50, 883). 

_ ’ CBr NO 2 
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Pyridine CgHgN is contained in that fraction 
of the basic oils of bone oil which boils below 
120 °, but is also found in smaller quantities in 
the higjier fractions. It can be separated in 
these bj’ means of its picpato 

Vi5H5N,C3H,(N0,)30H 

which melts at 162°. It is not easily acted on 
by oxidising agents, and can be separated by 
this moans from the other components of the 
fraction. 

H is formed from all pyridineoarboxylic 
ackls by distilling with lime. 

The following are some of the synthetic 
methods for prepaiing i)yridine and its homo- 
logues : — 

1 . Hydrocyauio acid and acetydono when 
passed tlirough a red-hot tube yield pyridine 

f. 2C2H3d-HCN-C6H6N 

(Ramsay, Ber. 10, 736). 

2. Isoaijyl nitr.te when heated with phos- 
phoric anhydride yields pyridine ^ 

C8Hi,0N02+3Pa06=C5H,N+6HP03 

(Chapman and Smith, Ann. Suppl. 6, 329). 

3. Acrolein ammonia, on heating, gives off 
water yielding methylpyridine 

C,H,N0-C6H4(CH3)N-fH20 

4. The same compound is formed by heating 
allyl tribromide with alcoholic ammonia at 260“ 

iC3H8Br3+NH,=g8H4(CH3)N+6HBr 

,,5. Glycerol and acetamide, on heating with 
phosphorus pentoxide, yield methylpyridine 
(Ber. 15, 628). « 

6 , Potassium pyrrobs on heating with chloro- 
form, yields chloropyridine. 

7. Ethyl aoetoaoet^, heated with aldehy^ 
ammonia,^ gives dihyorofiollidine ’dioasbrncy^, 
ester 
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+CH*-CH<Sh. ■ 

8. Guareschi has obtained compounds of the 
pyridono type by condensing alkyl aceto-acetic 
esters with cyanacetid esters and ammonia 
OHa'CO HaC-CN CliaGzzni-C-CN 

rIih 


ECH 


CO— NH— CO 


CO*OE ROOC 
‘ HaNH 

9. Ruhemann has also obtained the pyridono 
type by the condensation of alkyl diearboxy- 
glutaconic eaters with ammoma 
RC-Cl3-f3CIlNa{COOR')2 

==CHa(COOR')a+3NaCl 

-h{R'OOC)aC 1 CR-CH(COOR0 j 
(R'OOC) aC ; CR-CH((!OOR')2+NH, 

=R'OOCC-CR-CH-COOR' 

I * i 

CO-NH-CO + 2R'-on 

10. Cinnarnenylidme acotoxime on distilla- 
tion is converted in a-plienyl-«'*methyl pyndme 

CH— CH-CH 


C.HgCH H0N=C-C11, 

. IlaO -f 


C11-CII=CH 

II J 

Cell^C N=C-C.4, 

11. Pyiidine bases are obtained by the con- 
densation of ketones with acid amides (Pictet and 
Stehchn, Compt. rend. 1910, 102, 807) ; thus 
by heating acetone (2 mols.) with acetamide 
(1 mol.) at 250'^ 2.4.0-trimeihyl pyridine is 
formed, whilst tnphei^vl pyridine results similarly 
from acetopl)ciione and benzamide. 

By heating a mixtuie of •glycerol and 
ammonium phosphate, a mixture of a largo 
number of pyridine bases is formed. j 8 -methyl, 
jS-ethyl, probably j3-propyl, pyridine, besides 
pyridine itself and homofegyiics of the diazine 
C 4 H 4 N 2 , have been recogmsed (Stoehr. J. pr. 
Chora. 1892, 20), 

Pyridme is a liquid with a pungent smell, 
miscible with water ; sp gt. 0’9855 at 15°, and 
0’9944 at 4° ; and boils at J l5-2°/700 mm. It 
forms a hydrochloride (JjRjNjHCl, and a platim- 
ohlorido (C 6 Hj^NHCl) 2 ptCl 4 . Sodium amalgam 
yields piperidine, i.e. hexahydsppyridiiie, 
which is reconverted into pyridine 011 oxidation. 
It forms an anmioumm iodij^e with alkyl iodides, 
and with chluin^ itic acid a pyrtchno-betaiiie 

C 6 H 5 N>^^^q^CO. By the action of sodium on 

pyridine a dipyridino CjqHj^oN^ is obtained, an 
oil boiling at 280°-2817744 mm., which on oxi- 
dation with permanganate yields tsonicotinic 
acid. Together with dipyridme, a body p-di- 
pyridyl is formed NCjfl^ CjHiN, which melts 
at 1 W and distils at 304°. It also yields iaonico- 
tinio acid on oxidation, and on reductioli with 
tin and hydrochloric acid forms tsoniootine, 
which melts at 78° (Ber. 1«, 423). • 

Sodium reacts wjjh pyridine at ordinary 
temperature (beat in an atmosphere of nitrogen) 
to form dipyridine sodium (C 5 H.N),Na, wliich 
on heating to 130° is transformed into pyridine 
aodium C.H.N’Na (B.aEmmert, By. 1914, 47, 
2598 ; 1910, 49, 1060). 


The isomeric m-dipyridyl is obtained from 
«t-dipyridyidicarboxylic acid (by oxidising phen- 
anthrolinej. It boils at 2938, and yMds on 
reduction with tin and hydrochloric acid 
nicoiidine C.oHnNo, which boils at 228° (Ber. 
16,2621). 

Piperidine between 180° and 260° is converted 
into pyridine in presence of nickel ; pyridine, 
when passed together with fiydrogen over 
reducca nickel at 100°- 180°, yields* amylamine, 
not piperidine, and this m poor yield. At higher 
temperatures ammonia, pentane and lower 
hydrocarbons are obtained (Sabatier and Mailhe, 
Compt. rend. 1907, 784). 

Pyridine may advantageously bo employed 
as a halogen carrier in halogenation of aromatic 
compounds (Cross and Cohen, Chem. Soc. Proc. 
1908, 15). , 

The compound of pyridine with methyl 
iodide, when added to a solution of the nc»es- 
sary amount of iodine in alcohol, is converted 
into pyridine mcthyljtentiodide CjH 5 N(MoI)l 4 , 
molting at 47 '5°. Various ,®thcr periodidcs 
are described by Pro.si%.)iy and Trowbridge 
(J. Amer. Chem. Soc. 1895, 859), 

Acetyl and benzoyl ehloridos if quite pure 
do not react with pyridine in the presence of 
anhydrous aluminium chloride, •but if a trace 
of thioiiyl chloride beintroduced,then the Hormal 
ketone production takes place (Wolffensteiri and 
ilartwich, Ber. 1916, 48, 2043). 

Rouble compounds with zinc bromide, 
nickel bromide, copjier bromide, •and silver 
iodide, are formed, but are rather unstable 
(Compt, rend, 1891, 622). 

The physiological action of pyridine is similar 
to that of piperidmc, but more energetic. Both 
produce paralysis of the motor nerves, by their 
elfeet on the motor centres. There are also 
destructive changes in the blood corpuscles, and 
paralysis of the heart, esjiiicially in pyridine 
poisoning (Chem. Soc. Abstr. 1891, 603). 
It IS excreted as metliylpyridylammoiiium 
hydroxide (Chem. Soc. Abstr. 1893, ii. 644). 

The double compound of^pyridine with silver 
nitrate AgN 03 ‘ 2 C 5 HjjN lias been recommended 
by Witt as a ripening agent fdr phflfographio 
einulsioiiB (J, Soc. Chem. Ind. 1904, 236). 
iiuppe-Cramer, hoVever, denies that it has 
any advantages over the ordinary ammonia 
ripening {ibid. 1900, 197). ^ 

Sulphurous acid esters of pyridine, which 
may bo obtained by heating under a reflux 
condenser with excess of a bisulphite solution, 
aio useful in the preparation of dyestuffs, and 
are also used as medicaments (R. R. P. 208638). 

A pyridme-2.3-thioplien has been obtained 
in small q.uantity by the application of the 
iSkraup reaction to 2-aminothiophen, using 
2-iiiti(ithiophen as the oxidising agent 
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(Stoinkopf and Lutzendorff, Annalen, 1914, 403, 
46). 

On heating pyridine with concontratfd Bui^ 
phurio acid to,300°, jB-pyridine-sulphonic aoidjs 
obtained. The sodium salt of this acid, disrilMff 
with potassium- cyanide, yieWs 3*pyridyi 
cyanide, which on hydrolysis forms nicotiniM 
acid. 
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SulphoQ&tion ol the pyridine nucleus can be 
(Serried out more readuy in the presence of 
vanadyl sulphate*. < ‘ 

Pyridine may be directly nitrated by heating 
, with a mixture of fuming nitric and fuming 
Sulphuric acids. Pyridine nitrates more readily 
if an amino group is present, e.g. 2-amino- 
P5nridine nitrates nearly as readily as aniline. 
The nitro pyridines resemble the nitro-amlines, 
are yellow in colour and feebly basic. 

P^dine may be estimated in aqueous 
solution by lieating with excess of gold cWoride 
arid dilute HCl, evaporating to dryness and 
heating the ppt. after repeated washing with 
pure dry ether. The ppt. has the composition 
CjHfiN-HCl-AuCla (Compt. rend 11)03, 324). 

Pyridine can be represented as a benzene 
ring in which one CH group is rejilaced by mtro- 
gei^ according to the following scheme: — 


4 
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Tlie positions 2, 0, and 3, 5 arc known as 
ortho- and meta-, and 4 as the para- jiosition. 
Hence three mono- denvatixes of pynditic are 
possible. ''I'lic position of the substituting gi oups 
in these isomeridcs has been proved by means 
of the phenylpyridines obtained from tJie naph ■ 
thaquinollnes (Monatsh. 4, 437 ; Ber. 17, 1518), 

Hydroxy- Derivatives of Ptrioine. 

The three possible hydroxypyridines are 
known : — 

a-Hydroxypyrid^ne, a-pyridone, by distilling 
the silver salt of hydroxy quinolinic acid ; melts 
at 107°, and is coloured red by feme cliloride. 

/3-Hydroxypyridine is formed from the ^-sul- 
phonic acid by fusing with potash. It meits at 
123°, and is also coloured red by ferric chloride 

7 -Hydfoxy pyridine or 7 -pyridone (which is 
probably not a hydroxyl- but a carbonyl- com- 
pound) is obtained from h;jdroxypicolinic aci^ 
with evolution of COj. It melts at 148'^ or at 
62° in the hydrated form, and is coloured yellow 
bylferric chlRride (Bor. 17, Ref. ICD). 


Amino- Pyridines. 

Of the three possible aminopyridines, two 
have been definitely isolated. 

1, — Albino pyridine is formed by the distilla- 
tion of 2-aminopyridine-6-carboxylic acid. It 
melts at 66° and boils at 204°. It is not 
diazotisable, but on treatment with concen- 
trated hydrochloric acid and nitrous acid yields 
2*chloropyridine. 

2. — Amin&pyridine is formed by the action of 
Sodium hypobromite on the amide of nicotinic 
acid, or by the action of sodamide on pyridine 
below 120°, and decomposition of the resultant 
produ^ with water; the further action of 

yields 2*6-di-aminopyri(hne, which 
WUmes with ^azo-compounds (TscHitsohibabin, 
tbss. Chem. Soc. 1914, 46, 1216). 

meltz at 62° and boils at 250°-252°. It is a 
,4iA>zotasable base. 


PYBiniNi Monooaeboxylio Acids 
CjNH^CCOaH). 

h-Pyrldlnecarboxyiic acid (2- or ortho-), 
picoUnic acid was first obtained by oxidising 
o-picolino. It is easily soluble in water, crystal 
Uses in white needles, melts at 137°, and sub* 
limes. By the action of sodium amalgam, 
ammonia is given off with the formation of an 
acid CgHgOg (oxysorbinic acid). , 

i8-PyridInecarboxylic acid (3- or meta-), called 
nicotinic acid from the fact of being first obtained 
by oxidising nicotine, is also obtained from 
)3-racthyl- or cthyl-pyridme, from j8-pyridyl 
cyanide, and from three dicarboxylio acids 
of pyridine (quinolinic acid, cinchomeronio 
acid, and wocmchomeronic acid), which on 
heating give off carbon dioxide. It crystallises 
in needles and molts at 232°. It is readily 
soluhlc in hot water and in alcohol, but is 
insoluble m ether. 

7 -Pyridinecarboxylic acid (4- or para-), wo- 
nicotinic acid is obtained from cinchomeronio acid 
add £ ; 4-pyridinedicarboxylio acid on heating, 
and also by the oxidation of all 7 - 8 ub 8 tituted 
pyndines. It melts at 299’5° with sublimation 
or at 315° in a closed tube, and crystallises from 
hot water in fine needles. 

Hydroxy FYR iDiNE-MONocARBOXYLio Acids. 

Several of these acids have been prepared 
cither synthetically, c.g. by heating komanic 
acid C 8 H 4 O 4 with ammonia, or from the dicar- 
boxylic acids by splitting off 1 mol. of carbon 
dioxide (Bor. 17, 589). 

Komenaminic acid C5NH8(OH)2COOH,2HaO 
is obtained by boiling komenic acid C.HjOa 
with animoma, It decomposes at 270° into 
carbon ^dioxide and dihyefroxypyridine. 

PYRIDINE-DIOARBOXYLIC AciDS C5NH8(CO>H),. 

The acids of this typo may be obtained as 
follows : — 

1. By the oxidation of disubstituted pyri- 
dines, containing aliphatic side chains ; or of 
monosubstituted monocarboxylic acida. 

2. By heating the tricarboxylic acjdi. 

3. By the oxidation of quinolme add its 
homologues. 

4. By the oxidation of various alkaloids 
(cinchonine, cinch onidinc, &c.). 

Quinolintc acid (o)3- or 2:3-) is formed by ' 
oxidising quinoline. It decomposes and softens 
at 190°- 195^ solidifj^s at 200°, and melts again 
at 231°. irdecom^ioses on heating into oaroon 
dioxide and nicotime acid. * 

Cinchomeronic acid ( jSy- or 3 : 4- ) is formed by 
the oxidation of the quinine alkaloids with nitric 
acid, or from iSy-methylpyridinecarboxyUo acid 
on oxidation with permanganate. It mdts at 
269°, decomposing into carbon dioxide, wo- 
nicotinio acid, ana some nicotinic acid. 

Lutldlnlc acid (ay- or 2 : 4-) is obtained, to^ 
goiher with some t^ocinchomeronic acid, W 
oxidising lutidine. It melts at 23^-f^4(r 
(Vdigt, Annaleii, 226,. 54), 235° (Lodmbdrg, 
Annalen, 247, 27), decfiunposing into carixm 
dioxide and twniootimo acid. 

/^ooinchomeronlc aeld (da^-) melts at 23^°^ , 
decomposing into carbon dioxide and niootinio 
acid (Werdel and HerziA Wiener AkadL B. 1S79, 
825). 



DiuiHioxyUQ ooid {0$'-) or Dioioottnic acid- 1 
By heating to 160“ «-pyridine tetracarboxylic | 
acid obtained by oxidising the Tutidincarlioiylic 
acid, prepared by the condensation of tsobiitalde- 
hyde etnyiaoetoacetate and ammonia. The 
acid does not melt at 285“ (Hantzsch and Weiss, 
Ber. 1886, 19, 284). * 

Dlcarboxylic acid (aa-) or Dlpicollnic acid. 

Obtained by oxidising 2 : 6-dimethyipyridino. 
It melts at 243“ (Epstein, Annalen, 231, 32), 
decomposing into carbon dioxide and pyndino. 

H YDEOX YP YRIDINE - DIC AR BO X YLIC AclDS 
C6NH2(0H)(C02H)a. 

Hydroxyquinoiinic acid [OH : (COjHla 
(a' : o ; ^1. By fusing quinolinic acid with 
potash.* It blackens without melting at 254“ 
(Ber. 16, 2168). Heated with water to 195“ it 
decomposes into carbon dioxide and hydroxy- 
pyridinecarboxylic acid. Its silver salt on 
heating yields a-hydroxy pyridine (Ber. 17, 590). 

Ammoniochelidonic acid js obtained by heat- 
ing chelidonic acid with ammonia. • * 

Pyridine-thioarboxylio Acids C6NH2(C02H)3. 

a/Sy-Trlcarboxylle acid, Carbocinchomeronic 
acid, is formed by completely oxidising the 
quinine alkaloids, also from y-methylquinolino 
and from y-quinolmecarboxylic acid. It loses 
IJHaO (of crystallisation) at 115^-120“, and 
melts, if quickly heated, at 250“ (Annalen, 
204, 308). 

a^/ 3 '-Tricarboxyllc acid, Carbodinicotinic 
acid, is obtained from jS-quinoliiiecarboxj^lic 
acid. 

The six tricarboxylic acids theoretically 
possible are known jind characterised. 

Pyridine tetra carboxyls Acids 
C6NH(COaH)4. ^ 

a^a'jS'-Tetracarboxylic acid. By oxidising 
the lutidinedicarboxylic acid formed by the 
condensation of wobutylaldehyde with ethyl 
acetdacetate and ammonia (Hantzsch and Weiss, 
Ber. 19, 284). 

The acid obtained by oxidising eollidine- 
monocarboxylic acid crysAallises with 2 mole- 
cules of water. It does not possess basic pro- 
perties. Energetic oxidation converts it into 
oxalic acid. 

Pyiidine-pentacarboxylic acid C«I!^((J02H)^ 
'^from trimethylpyridme-^carboxylic acid. Crys- 
tallises from water with^HgO. Decomposes 
without melting about 200*. • 

• 

Halooen Derivatives of Pyridinb. 

a-Ohloropyridme results from the action of 
PCli on a-hydroxypyridine ; is an oil boiling at 
I667714 mm. (Ber. 1891, 3160). 

p^Chhropyridine. By the action of chloro- 
form or carbon tetrachloride on potassium 
pyrrole (Ber. 14, 1163) is an oil; b.p. 148“/743 
mm. . * 

Dichloro- bM trichloro-pyridine are known. 

A dibromopyrxdine W) has been obtAined 
by acting on oolUdi^e-aicarboxylic acid with 
Nomine and afterwards removing the oarboxyl- 
gi^upB (Pfeiffer, Ber. 20, 1349). It is identical 
that obtained ^ acting on pyridine with 
btmhmb (Hofmann, Bar. 12, 968). • 
w a-Hodline is transformed by acetic anhydride 


into piedide C liHuO gN, which on heating with 
hydrochloric acid yields pyrindok OgH^, an 
isomeriiegof indole. • 


f^C=CH 


>CH 


(Scholtz and Fraude, ‘Ber. 1913^ 46, 1069). 


* Humoloques of Pyridi^tb. 

Picoline [a-methylpyridme) C5NH4(CH,). This 
base is separated from that portion of bone 
oil which boils between 130“ and 146®. On 
subjecting this to redistillation, the greater 
part of the oil comes over between 133“ and 
139®. It is not possible to effect a separation 
of the bases by means of fractional distil- 
lation, but a difference m the solubility of the 
platmum salts of the two bases furnishes a 
means of separating them. According to 
Ladenburg (Ber. lH8i^ 47), commercial picoline 
consists of throe bases : a-methvlpyridme, a 
little d-methylpyridine, ’probably oa'-di- 
methylpyridine. The 6amo observer (Bor. 
1885, 51) has also noticed the presence of 
pyridine in this fraction. It can bo separated by 
means of its picrate,* which melts^at 162®. 

I’icolino boils at 128^-8®/76&^ mm. ; ^ is an 
optically inactive oil, and on oxidation* yields 
picolmic acid {v. supra). 

)S-Methylpyridine may be synthetically pre- 
pared by heating acetamide with glycerol and 
phosphoric anhydride. It boils at 143*5®, and on 
oxidation yielcbs nicotinic acid. It also differs 
from the a-derivative in bemg slightly laovo- 
rotatory. Landolt shows thus effect to be due to 
errors in manipulation (Ber. 1886, 167). 

7-Methylpyridine does not appear to be 
contained in bone oil. It has been obtained 
synthetically by the action of heat on acrolein- 
ammonia, and also from allyl tribromide ; b.p. 
143*l®/7()0 mm. 


PfCOLlNE MONOCARBOXYLIC ACIDS 

C5NH3(CHf)C02H. 

Picolioecarboxylic acid {pyrfdine-a^methyl-y> 
carboxylic acid) is formed from uvitonio aci^ 
the product of condensation of pyruvic acid 
and ammonia. It sublimes without melting, 
and yields on oxidation a ; 7-Byridinedicar- 
boxylic acid. 

^7-Metbylpyridine carboxylic acid 
(CH# : COjH^y : jS) is obtained by heating 
methylqiunolmic acid to 180°- 186®, It melts 
at 212® (Ami. Chim. Phys. [6] 27, 493), and 
yields on oxidation cinchomeronic acid. 

81X of the ten possible picoline monooswp* 
boxylic acids are known and characterised. 

PlCOLUTB-DlCABBOXYLIO AGXDS 

C,NH,(CH,)(C02H),. 

Methylquinolinlo acid ((COgH), : OHt»«j8y). 
By oxidising 7-methylquinoline with perman- 
ganate. It melts at 186 ^ giving carbon dioxide 
and 7-methyl-jB-pyridine-oarboinrlio acid. 

Uvltonlc acid r(CO,H), : CIi2«a7«'> is % 
condensation product obtained from 
acid and alooholio ammonia. It melts at 
splitting up into carbon diozid# and 
oarboi^o acid. 

PleoUne-dlearboxylle aeid, from ahl^ydiiiet 
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BONE OIL. 


tlw condensation product of ethylidine chloride 
and aldehyde ammonia. It sublimes ea^y 
without melting, c ^ « 

Three other isomerides are known. 

A piooline-tetraoarboxylio acid is also 
obtainable from the dicarboxylic acid of collidine 
by oxidation of the methyl- groups with perman- 
ganate. Lutiil^e-tricarbdxylio acid is formed 
as an intermediate product. 

Lutidine {dimtthylpyridxnt). The bases hav- 
ing this constitution are mainly contained 
in that portion of the basic oil boiling 
between 16O®-170®. After redistilling, it is 
separated into the two fractions 150®-160® 
and 160*-170®. The position of the methyl 
CTOups in these two fractions la determined 
by means of the oxidation products formed. 
The firsb fraction yields on oxidation »Aocin- 
chomeronio acid, which melts at 230®. On 
heatlig, carbon dioxide is split off and nicotinic 
acid is formed. From this is inferred that the 
position of the two methyl groups is a' 8. The 
higher fraction yi<4]s lutidinic acid on oxidation, 
and this, on heating^g. isonicotinic acid, from 
which it follows that the methyl- groups have the 
positions ay. All the acids give pyri^lino on 
distillation with lime. Abcording to the re- 
searches of LaTlonburg and Roth (Ber. 18, 49), 
the frefetion 139®-142® also contains a lutidine, 
which was separated by means of the mercuric 
chloride salt, nieltmg at J8G®. This was de- 
composed with potash, and distilled, when, 
after dryinpf, an oil was obtained w'hich boiled 
at 142®--143“, and yielded on oxidation with per- 
manganate a dibasic acid which is identical 
with that obtained from synthetical lutidine 
prepared by condensing cinnamic aldehyde, 
ethyl acetoacetate, and ammonia (Epstein, 
Annalen, 231, 1). Its sp.gr. is 0*9545, and b.p. 
143 ^ ^ 

The constitutioB of the jS-lutidine is 


<: 


CH3 

>N 

CH, 


(Ladenbwfg and Roth), 

By distilling dimethyl pyridine dicarboxylic 
acid with lime a 91 p.e. ykld of 2 : O-lutidine 
can be obtained. - This method apjiears to be 
the most convenient way of juoparing puio 
lutidine (Munim and llimcke, Ber. 1917, 50, 
1668 ; 1918, 51, 150). 

The isomeric a, /3 and 7-ethyl pyridiiics are 
also known, the and 7-forms being produced 
when cinchonine or brucine are distilled with 
- caustic alkali, and the a-form on heating 
pyridinium ^thyl iodide to 290^^. 

Lutitllne-monocarboxylic acid {aa-dmethyl 
nicotinic acid). Obtained by distilling lutidine- 
dicaxboxylic acid (Weiss, Ber. 19, 1308). It 
crystallises in fine needles melting at 160®. 

Lutidine-diCarboxyllc acid {aa -dimethyU^^' ~ 
dicarboxylic acid). Obtained by the condensa- 
tion of tsobutylaldehydc, ethyl- acoto-acetato, 
and ammonia (Engelmann, Annalen, 231, 51 ; 
Hantz^h and Weiss, Ber. 19, 284). 

Ltttldlne-tricarboxylio acid {ay •dimethyl-pa'^'- 
, acid) is formed by the oxidation of 

OQl!idJfbe^^oa»j»oxyIio acid with permanganate. 

a-iutidllie(2 \i^-dimelhylpyridine). Separated j 
by adding mercuric chloride to a solution in hydro - 1 


chloric acid of the baaea boilinf at The 

salt has the composition C7HgN,HCl,2HgCl2y 
and ^aits at 127®. On distilling with potash, the 
salt i£f decomposed, arid the base, after drying, 
boils at 157®. its sp.gr. is 0*9493 at 0®/4®. It yields 
a pyridine-dicarboxylio acid on oxidation with 
permanganate, and the acief melts at 236®. This 
IS known as o-lutidinio acid or ay-pyridine- 
dicarboxylic acid, since on heating carbon dioxide 
is given off and lionicotinic acid is formed. 
Hence o-lulidmo has the composition 
OH3 


yCHj 

N 

(Ladenburg and Roth, Ber. 18, 913). • 

Collidines {y-colhdmc^ trimethylpyridine) 

may be prepared by distilling collidine 
dicarboxylic ester (obtained by oxidising 
thn condensation pi-oduct of aldehyde ammonia 
and ethyl acetoacetate) with lime. It boils at 
171®-172°, and has the constitution 
' CH3 
/\ 

JvH,. 

'li 

A base, C^Tl^jN, has been isolated from 
the fraction of bone oil boding between 170® 
and 180®, but this has been shown by Weidol and 
Pick to be a 2-methyl-4-ethylpyridine from the 
fact of its giving on oxidation lutidinic acid melt- 
ing at 219®. The base is more soluble hi cold 
than in hot water. Its sp.gr. is 0*9286 at 16*8® ; 
it bods at 177*8®/758 mnt. (Weidol and Pick, 
Monatsh.*^, 6^6). These authors are of opinion 
that Anderson’s collidine (Phil. Mag. 4, 9, 145, 
214) was impure. Tlie base docs not form any 
crystallised salts, and is not identical with any 
synthetical colluhuc. 

“ Aldchydine{2-m(Khyl-5‘Cthylpyndiiic). Formed 
by the condensation of ethylidene chloride 
with ammonia (f)urkopf, Bor. 18, 921), by heat- 
ing an alcoholic soli^ion of aldehyde- ammonia 
to 120® (Baeyer and Adcr, Annalen, 155, 294), 
and as a decomposition product of cinchonine 
or brucine when those alkaloids are distilled 
with caustic alkali. It bods at 176®, and has 
sp.gr. 0-931.9 at 0"/4®. 

Of tho isomerides of collidine, a -normal 
pro]»yI pyri^no (c^hyrine) is of considerable 
theoretical importance, owing to its relationship 
with the alkaloid eonino {q.v.). 

Collidine dicarboxylic acid is obtained by 
oxidising hydrocoUidine-dicarboxylic acid with 
nitrous acid. The ester of the latter acid is the 
product of condensation of ethyl acetoacetate 
with aldehyde, ammonia. It yields on heating 
with lirao aa'7- trimethylpyridine. The aCid 
yields ,by successive oxidation of the methyP 
groups by permanganate tho following carboxylic 
acids ; 

Lutidme-tricarboxJ^Uc ftcid 

Hooline-tetracarboxylio acid 

. C,N(0H,XCO,H)„ 



Pwdinepentftoarboxylic acid 05 N(CO,H) 5 . 

^ If one carboxyl- group be removed from the 
original acid and then it be oxidised, the f oMo|ring 
acids are successively obtained : — • 

From collidine-monocarboxylic acid 
C 5 NH(CH 3 ) 3 COaH the acids lutidine-dicarboxylic 
acid C 3 NH(CH 8 ) 2 (CCf 2 H)o, picolinc-tricarboxylic 
acid CBNH(CH 8 )(COaH) 3 , pyridme-tetracar- 
boxylic acid CbNH(C 02 H) 4 . 

Piperidine, hoxahydro-pyridine, is obtained 
in small quantity by the reduction of pyridine 
with tin and hydrochloric acid (Konigs, Ber. 
1881, 14, 1856). A better yield is obtained bv 
operating in absolute alcoholic solution with 
sodium. It may be prepared from pyndmo 
in 95 p.c. yield by electrolytic reduction 
(E. Merck, I). R. P. 90308; Pip, EnL^ Pat. 
21471). It may also be prepared by heating 
piperino, obtained from pepper, with soda hmc, 
or by the reduction of trimethylene cyanide in 
alcoholic solution with sodium. It is a liquid 
smelling hke pepper and ammonia, boiling at 
105'7°, sp.gr. 0’8810 at 0“. ^Miscible in ajl pro- 
portions with water. It combines with qumones 
to form dyes. J. v. Braun (1904) has shown that 
by bonzoylation of piperidine and subsequent 
heating with phosphorus pentachlorido to 250° 
the cyclic system is destroyed and a good yield 
of pentamethylene dichloride is obtained, such 
I’S-dichloro-compounds being very dillicult to 
obtain by ordinary synthetic methods. 


CHjCHa 


OU2CH2 

• chTcHj 
C.H.CN+Cl(CHj).Cl 


Its combination with hydroquinone, pyro 
catechin, and several otheii phenols, has been 
patented by Joseph Turner & Co., Ltd. (D. R. P. 
98466). 

An account of the physiological action of 
piperidine and allied compounds is given by 
Wolffenstein (Ber. 34, 2410). 

Piperidine guaiacolate prepared by the 
action of piperidine on guaiacol dissolved m 
.benzene or petroleum melts at 7SI|8°. It is 
used in the treatment of phthisis (Pharm, J. 
1897, 81), and is importi^t as combining the 
properties of a strong vascular^and nervine 
feme — ^piperidine — with an antiseptic guaiacol 
(Tunnicline, Chem. Soc. Trans. 1898, 146). 

Various derivatives of piperidine have been 
synthesised by Ahrens (Ber. 1898, 2278). 
Quinoline, Quinoline. 


OOLOUBINO MitTTIBS DERIVED FROM BoNB-OIL 

Bxses. 9 

1. From Pyrrole. A red dye may be obtained 
from pyrrole by treating cotton cloth, ^fter 
dipping in a weak alcoholic solution of bitter 
almond oil (benzaldehyde), with alcoholic 
pyrrole solution, hydrochloric acid, fenio 
omorido, and gen% warming. A black colour 
is obtained by substitilting cinnamon oil (oinna- 
mio eddehyde) (Chem. Zeit. 1890, 348). 


Pine wood may be dyed red moistening 
with hydrochloric acid, and treatmg with tie 
vapour oi pyrrole. a 

Pyrrole blue may be obtained in two varie- 
ties : («) by mixing pyrrole and isatin (1 mol. of 
each) in sulphuric acid, yielding the ‘A»* 
variety; and (6) by operating in acetic acid 
under specified conditions, whqn pyrrole blue 
‘ B ’ i.j obtained with a certain apiount of A. 
Pyrrole blue B has a metallic lustre, and is much 
less soluble than pyrrole blue A. Pyrrole blue A 
cannot be acetylated, but on treating pyridino 
solution with acetic anhydride a small amount of 
the pyrrole blue B derivative is obtained. This 
acetyl derivative dissolves in sulphuric acid 
to a magenta solution, which rapi^y changes 
to a cori^owor blue, owing to the formation of 
a disulphonic acid. This acid is very soluble 
in water and dyes silk blue (Liebermann and 
Ease, Ber. 1905, 2847 ; sec also Ber. 17, 10.‘J4). 

2. Prom Pyridine. Pyridine dyestuffs may 
bo obtained by diazotising aminobenzyl- 
pyndine, and combining with the usual com- 
ponents. Aminobcnzylpjliclino is obtained by 
reducing the nitro- compound produced by the 
condensation of nitrobenzyl chloride and pyri- 
dine bases. These products dye tannin-mor- 
danted cotton, or wool and cotton from an 
acid-bath (Farb. vorm. Meister, Lucifls and 
Brumng, Eng. Pat. 4545). 

When mixtures of pyridine (1 raol.) and 
aromatic ammos (2 mols.) are acted upon by 
cyanogen chloride or bromide dyestuffs are 
formed practically quantitatively and very pure, 
with the elimmation 1 moi. of cyanamide. 
They crystaUise well, and vary from yeUow, 
through orange and rod, to violet, and dye silk 
in shades showing fine fluorescence ; and some 
show marked affinity for unmordanted cotton. 
They are soluble in water with difficulty, more 
readily in acetic acid and alcdliol. and in pyridine 
(W. Konig, J. pr. Chem. 1904, 105). 

3. From Piperidine. The quinones (benzo-, 
tolu-, naphtha-, phenanthra- quinones) interact 
with piperidine, yielding c^ouring matters which 
are readily changed by acids and alkalis. The 
compound wth benzoquinone (TaHaO'^CBHjo)^ 
forms thick, red^sh- violet prisms with blue 
reflex, melting at 178°. Neutral or alkaline 
solutions are blood-red, acid solutions carmine 
(Lachowicz, Monatsh. 1888, 605). 

Isatin blue is derived from piperidine as 
follows : Dipiperidyl isatin is prepared bv 
heating an alcoholic solution of isatin (1 mol.) with 
(2 mols.) piperidine on the water- bath for an 
hour, and crystallising from alcohol. Isatin 
blue results from heating this compound to 
126°-160° in a current of air, or by agitatipR 
with acetic anhydride at 60° for some time and 
pouring into water. It forms indigo-blue 
solutions in alcohol, ether, or acetic acid, and 
is insoluble in benzene or chloroform. It 
may be heated without change to 160°, but is 
completely decomposed at 230° (Sohotten, 
Ber. 1891, 1366). 

p-Aminophenyl piperidine, which may be 
compared with p-aminodimethyl Hamlin®, 
reacts in many oases in a similar waj 
compound. When oxidised with a priimi^ 
secondary, or tertiary amine, indJXminUt varj^ 
from blue to green are produced. Oxidised 
in the presence of meta-diamines, compounds 
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a»y bo pieoipitated by meano of zinc ohloridA 
whioh dye cotton blue. 

With phenol, when oxidised withjbke theo* 
retioal quantity of potassium ferrioyanido, a 
blue indophenol is obtained. With naphthols 
vcolet colours result. Other colours are also 
described by Lellmann and G^Uer (Ber. 1888, 
2287), 

Literatur^i — Anderson, Trans. Roy. S09, Edin. 
16, 463 ; 20, 247 ; 21, 219 ; 21, 671 ; Annalen, 
70, 32 ; 84, 44 ; 94, 358 ; 106, 335 ; Weidel, 
Sitz. Ber. 79, 837 ; 80, 443 ; 80, 821 ; 81, 612 ; 
90, 972 ; Ciamioian, Ber. 1904, 4200-4256 ; 
Bamberger, Ber. 1891, 1768 ; and in general the 
mpers of the following : Ciamician, Dennstedt, 
Ho^ewerlf and van Dorjp, Liebermann, Oechsner 
de Coninck, and Weidel. 

BONE PHOSPHATES u. Fbetiliseks. 

BOOKUM or SAPPAN WOOD. An Indian 
wocC, the product of Ccesalpinia Sappan (Linn.). 
Used in dyeing reds. 

BOOMAH NUTS. Th*e fruit of Pycnocoma 
macrophylla (Ben belonging to the Euphor- 
biaoeae. Used in tauuing (Holmes, Pliarm. J. 
[3] 8, 363). 

BORACIC or BORIC ACID t;. Bobok. 

BORACITE. Borate a'ad chloride ‘of mag- 
nesium, 6Mgt MgCl2-8B203, forming small, 
bright', sharply- developed cubic crystals of 
tetrahedral symmetry, in which the cube faces 
usually predominate. Tlio crystals are interest- 
ing on account of their strong pyro-electrical 
characters, ^nd the optical anomalies which they 
exhibit. Each cubic crystal is built up of 
twelve rhombic pyramids, the bases of which 
coincide with the twelve faces of the rhombic- 
dodecahedron and the apices mekmg in the 
centre of the group. At a temperature ot 
265° the birefringence and twin-lameilai dis- 
appear and the crystal is then truly cubic. This 
affords a good erample of an enantiotropio 
change in state, the cubic modification bemg 
stable only above this temperature. The 
crystals usually occur embedded in gypsum, and 
are bounded on all sides hy bright facets. 
Sp.gr. 2'9-3'0, H 7 (as high as that of quartz), 
Tney arh foudd in considerable numbers at 
Liineburg, in Hanover, and at Stassfurt, and 
elsewhere in the Prussian salt-deposits. A 
massive earthy variety, known as ‘ stassfurthi^,’ 
occi;irs as nodules at Stassfurt in quantities 
8utfi«^ntly large for collecting for commercial 
purposes. J. L. S. 

BORAL V . Synthetic drugs. 

BORATES V , B090N. 

BORAX. As a mineral, borax (Na2B407, 
lOHgO) is found as an efflorescence and os mono- 
6linio crystals, sometimes of considerable size, 
on the shores of the salt “lakes of Tibet and 
California , In San Bernardino and Lake 
counties m California there are several places 
|^<^wn as ‘ Borax Lake ’ ; but most of the 
borates commercially mined in this region 
belong to other species (ulexite, colomauite, &c.). 
The Tibetan deposits extend uom the lake- 
pJbtiu Pi^ha in the west to the lakes of 
Teiig||<£^ar in the east, and formerly, since very 
thnesv much crude material was exported 
^ name of tincal (t^. Boron.) ^ L. J. S. 

V. Azo- ooLoiTBiNa matters. 
Lambert (Xeitsch. anal. Chem. 22, 46) detects 
tide dye in wines by precipitating with basic- 


lead acetate, and extracting ^e |>redpiiate 
with alcohol ; the red solution thus ob^ined^ 
is ti^ed yellow by alkalis. Wool heated with 
the wane withdraws its colouring matters. 

Bellier (J. Pharm. Chim. [6] 14, 7) describes 
a method of determining quantitatively the 
amount of this dye in wines. 

BORDEAUX MIXTURE v. Plant sfbays. 

BORNEO CAMPHOR v. Camthors. 

BORNEOL V . Camphors ; Terpenes. 

BORNEO TALLOW is a generic term for 
a large variety of fats obtained from the kernels 
of a number of plants belonging to the Dipiero- 
carpus family, such as Shorea stenoptcra (Burck.), 
l^ltorca apiera (Burck.), Hopea aspera (de Verise), 
Pentac7ne siaiuensis (Kurz), all of which arc 
indigenous to the Sunda Islands, Indo-China, 
and the Malay States. All the fats derived 
from these trees are also in commerce known 
under the native name of Minjak Tangkawang 
(Tangkawaiig Fat). Minjak Tangkawang repie- 
sents a mixture of at least six fats, obtained from 
six varieties of trees known to the natives as 
Tangkawang toengkoel, T. rambei, T. lagar 
(these trees liave a diameter of more than 3 ft.), 
T. goentjang (growing in swampy regions, and 
reaching a height of 22 ft., whilst the diameter of 
the trunk rarely exceeds 6 inches), T. madjan, 
T. tenndak. The treo.s fruit only at irregular 
intervals, the nuts yielding, according to the 
species, from about 43 to 61 p.c. of fat. 

The fat is prepared by the natives in a 
very crude mauuer. In the ‘ wet process * the 
fruits are placed in baskets, immersed in water, 
and left therein for from 30 to 40 days. After 
that time the shells are removed, the kernels 
are split into four parts, and these spread on 
boards, exposed to the sun to dry. The dried 
fruit is khon pounded, boiled with water, and 
the liquid fat (;^kimmed oi! and moulded in the 
intern odes of bamboo stems; hence the com- 
mercial samples have a cylindrical shape. 
The ‘ dry protoss ’ consists in cutting the kernels 
into discs immediately after the fruit has been 
collected, drying the discs by eiroosure to the «un, 
and subsequently pressing. The fat obtained 
by the dry process viel& the best product, 
which 18 largeV usciPior edible purposes in the 
East. The kernels of the Shorea fruit (errone- 
ously described in commerce os ‘ Illipe nuts,’ 
see Baasia Oils), are shipped to Europe, where 
they are txpi'essod, and the fat is usm in the 
manufacture of candles and as a substitute for 
cacao butter. Th^ commercial grades ain 
described as ** large black Pontianao illip4 nuts,’ 
and 'large Pontianao or Sarawak illip4 nutS 
without guarantee of colour. ’ ‘ Siak Ulipe nuts ’ 
are smalhir, and yield a softer fat ; they are the 
product of a species of Pahquiim (K* . 0. 
iSapotacece). 

In 1913, 8275 cwt. of illipd nuts, valued at 
£6954, were expoi-ted from Singapore, principaliy 
to Belgium, whilst small quantities were ee*it to 
the United States and to England (Bull. 

Inst. 1916, 23, 335). 

Borneo tallow oontaina considerable 
tics of stearic acid. Samnles examuwd in tiho 
writer’s laboratory contailied as much as 
of stearic acid. The fat melts at JZ9'’'48® { $sm 
has iodine value 31-36'9; and sapooifiontMm 
value, 190'4-194‘5. The iniolubla fa% 
have a high melting-point, viz,. and 



lo coiMitt of 66 p.o; of stearic acid and 34 p.o. of 
oleic acid. The fat separated from the Kernels 
in Europe usually contains a high propoiiiQn of 
free fatty acids, the acid value of the prodjict of 
Pontianao nut» being as high as 35. 

The fats from Shorea Ohyshertiarm and 
from hoperta bornensis have been described as 
Enkabang fat and Teglam fat respectively 
(Brookes, Analyst, 1909, 206). J. L. 

BORNESIT V . Glucosides. 

BORNITE. A sulphide of copper and iron, 
of importance as an ore of copper (Cu 45-71 p.c.). 
On a freshly fractured surface the colour is 
dark bronze, but this quickly tarnishes to purple 
or deep reddish ; hence the names purple 
copper-ore, variegated copper-ore (Buntkup- 
fererz), erubescite, and the Cornish miner’s 
name horse-flesh-ore. Further alteration pro- 
duces a black sooty coating. The massive ore 
is always much intermingled with copper- 
pyrites, and even the rardy occurring cubic 
crystals usually contain a nucleus of copper- 
pyrites. The exact composition of j-he njineral 
has therefore long been doubtful ; analyses 
by B. J. Harrington (1903) and E. T. Allen 
(1916) of carefully selected material gave the 
formula CU5F0S4. This is the bomite of W. 
Haidin^er (1845): bornite of F. S. Beudant 
(1832) IS an obsolete synonym of tetradymite or 
telluric bismuth. L. J. S. 

BORNYVAL. Pharmaceutical name for the 
isovalerianic e.ster of borneol CioHi70'C5H#0, 
a limpid fluid smelling like valeri'in, insoluble 
in water, freely soluble in alcohol or ether ; 
b.p. 255°-^G0°; sp.gr. 0*951 at 20MDl2o= 
27® 40'. 

BOROFORM. Trade name for a solution of 
formaldehyde in sodium glyceroborate. 

BORO-GLYOERINE. An antiseptic, patented 
by Barff (I). R. P. 18108; Ertg. Pat. 5906, 
1884), prepared by heating 92 parts glycerol 
with 62 parts of Doric acid at 200°. It is a 
yellowish, transparent substance, soluble in 
alcohol and in 40 parts of water. Used as a 
preservarive for fruits and wines (J. Soc. Chera, 
Ind. 1, 244 ; 4, 362). 

BORON. B. At. wt. 10-90 Smith and van 
Haagen. An element usU&lly reckoned among 
the metalloids, although it presents analogies to 
the metals, and has been placed by Etard 
(Gompt. rend. 91, 627) at the head of the vana- 
^um group, intermediate between 4he places 
of phosphorus and carbon ; is a triad in most of 
its known combinations, h^t is al^ capable of 
acting as a pentad (Michaelis and^ecker, Ber. 
f3, 68). Never occurs free ; usually as boric 
acid, and in several minerals, as borax or tincaly 
bemetffi, hydrobaracite, rhodnitCy saasoUte, borocal- 
cikt horontUrocalcitey and botryolite, and in small 
quantities in schorl, datolite, tourmaline, apyrite, 
and axinite. Minute quantities of boron are 
found in mineral waters ; in sea-water; in plant 
ashes, and in animal tissues. 

The element was first isolated by Gay^LusBao 
and Th4nard in 1808, by heating boric oxide 
-srith potassium. Acoormng to Wohler ^and 
XtoYiUe (Ann. CMm. l^ys. [3] 52, 63), it may be 
obtaihea by mixing 60 grams of sodium in small 
. nhMes with 100 grams of powdered boric oxide 
m an iron cruoiDle, covenhg the mixture with 
a layer of 30 grams i^ited sodiun^ chloride in 
filbs powder, and heating the whole to redness. 


After the completion of the reaction, which is 
very violent, the mixture is stirred with an iron 
rod, until, the sodium and sedium chloride are 
fused, and carefully poured into dilute hydro- 
chloric rfwjid, and the residue washed with water 
containing ammonium chloride (which salt 
is subsequently^fcmoved by alcohol) and dried. 
Boron can also be obtained by he|iting potassium 
borofli^oride with potassium (Bgirzelius), or 
magnesium (Wohler and Deville) ; by the 
electrolysis of fused boric oxide (Davy) ; by 
reducing boron trichloride by hydrogen (Dumas), 
or preferably with hydrogen in the high tension 
electric arc ; by fusing borax with amorphous 
phosphorus (Dragendorff) ; by heating boric 
oxide with magnesium, or calcium, and treating 
the residue with dilute hydrochloric acid. Boron 
may also bo obtained by the dissociation of the 
nitride, or of magnesium boride at high tempera- 
tures. 

Wohler and Deville’s method gives a 
product contamini?, ‘ in addition to boron, 
compounds of boron with dium, iron, and 
hydrogen, and boron nitiiae. The best method 
is that of Moissan, as modified by Weintraub 
(J. Ind. Eng. Chem. 1911, 3, 299 ; 1913, 5, 106). 
Pure and dry bbric ’oxide is intimately mixed 
with as much magnesium filings as will suflice 
to reduce one-third of it. The mixture isTplaced 
in an earthenware crucible in a furnace at a 
bright-red heat, when the reaction proceeds at 
once rather violently. Heating is continued for 
ten minutes and the mass allowed t6 cool. The 
middle portion of the mass, which is of a reddish 
colour, is mechanically separated from the sur- 
rounding black portion as completely as possible, 
and boiled with a largo excess of dilute hydro- 
chloric acid which remove.? the boric acid, and 
borides of magnesium. The magnesium borate is 
removed by repeated boiling with strong hydro* 
chloric acid ; and the silica d( resulting from the 
disintegration of the crucible) by heating the 
residue in a platinum vessel with hydrofluoric 
acid. The residue is washed by decantation 
with water and dried. It^ then approximately 
pure, but still contains a small qutmtity of a 
magnesium boride which oanndt be ^ot rid of 
except by fusing tlio product with about fifty 
times its weight of boric oxide, and repeating the 
above operations. 

The product when heated in vacuo, at a 
sufficiently high temperature, or when ]^eated 
to bright redness in hydrogen with excess of 
magnesium or sodium, and extracted succes- 
sively with water, hydrochloric acid and hot 
dilute nitric acid yields pure boron (Ray. Chem. 
Soc. Trans. 1914, 105, 2162). 

Boron has been produced by Weston aiwj. 
Ellis (Trans. Faraday Soc, 1007, 170) by the 
action of aluminium powder on boric oxide. 
If 2 mols. of boric oxide to 2 atoms of aluminium 
are used, the chief product is boron, but with a 
smaller proportion of boric oxide aluminium 
boride is prodqpod to a Iftrge extent. 

Boron may be prepaid electrolytioally as 
follows : A fused metallic borate is eleotroly8e(| 
between carbon poles separated so os to l^eveid! 
the boron floating to the cathode. 
use of a high-current densi^ at the 
sufBcient heat is generated to enedl the rednetion 
of the boric oxide which collects thnre (U.S. Pat. 
786962). 
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Commercial boron is purified by grinding 
tbe product obtained by heating boric oxide 
and magnesium ^ivith hydrochloric add, and 
quickly^' pouring off the upper liquid. This 
contains matter in suspension which holds 
a higher proportion of impurities than does 
the residue at tlie bottom. This process of 
‘ fractional decantation ’ is repeated several 
times. The . residual boron, which may still 
contain boron hydride, magnesium boride, 
boric oxide, and a borate, is compressed into a 
thick stick or cake, and heated to 1200'^ in a 
vacuum electric furnace, which either volatilises 
or dissociates all these impurities. The pure 
boron is then melted down in the arc in a 
current of inert gas, preferably hydrogen. The 
resulting boron is a dense solid substance which 
conducts'- electricity and is completely fusible 
without apparent volatilisation (British Thom- 
son -‘riouston (K, TOng. Pat. 1197, 1907). 

Colloidal solutions of hor^n liave been prejiared 
by Cutbier (Kolloid. Zcitsch. 1919, 1.9, 197). 

The amoT'pho'i.l'ilioron described by jMoissan 
. and others as a chchtnut-eoloured powder of 
8p.gr. 2*45 always contains oxygen, and appears 
to be a solution of a lower oxide of boron and of 
magnesium oxide in boron in the superfused 
liquid state ; it is tast eless, odourless, staining 
the fingers strongly ; bc'coincs denser on being 
heated in a vacuum or in gases which have no 
action upon it ; not oxidised at ordinary 
temperatures in either air or oxygen ; heated 
in air, it burns with a reddish light, forming BjOg 
and BN ; burns with dazzling brigh\ness in 
oxygen, forming BjOg. Boiling water has no 
action on it, but it is readily oxidised by strong 
nitric acid in the cold, and by sulphuric acid 
when heated. When heated to redness with the 
alkaline salts of oxyacids, yields an alkaline 
borate, the formation being frequently attended 
with incandescence, and in tlio case of nitre with 
explosion. Heated with potash it forms po- 
tassium borate with liberation of hydrogen, and 
reduces the chlorides of lead, gold, mercury, and 
silver, and sulphide of load, chloride or sulphide 
of boron ^eing ^prmed (Wohler and Deville, l.c. ; 
and Annalen, 105, 72). Heated in nitrogen, it 
forms white boron nitride. It decomposes nitric 
oxide at a red heat, burning brilliantly and form- 
ing boric oxide and nitride, but apparently has 
no action on nitrous oxide. (Of. Kroll, Zeitseh. 
anorg^Chem. 1918, 102, 1.) 

Crystalline boron — the only pure form of 
boron — is a black solid of sp.gr. 2*34, almost as 
hard diamond, and only inferior to it in 
toughness and strength. Melts at about 2200°, 
ancf has a sensible vapour tension at 1600°. 
Rapidly increases in electrical conductivity when 
heated. It may be obtained by placing 
3 parts of alumimum with iO parts of fused boric 
itjid in a gas-carbon crucible filled up with 
gnited charcoal and placed inside another 
sruoible of graphite which is heated to 1500°, 
for five hours. The aluminium i» removed from 
she resulting mass by means of fairly strong 
loda, and the residue is then boiled out with 
i^d^oc&oric and hydrofluoric acids. The re- 
l iAijl^ eontaina some alumina which is separated 
^«9lii&6a|ly ^ far as possible, and completely 
^y glacial phosphoric acid. Crystals may also 
!;« obUinea by heating 2 parte of fused and 
borax with I part of magnesium. 


A commercial process has been patented 
Kiihn (Chera, Zentr, 1904, i. 64). Boron com- 
pou^ito are mixed with sulphur and aluminium, 
and the mixture, which burns, ignited. Crystals 
of boron are found in the resulting masi?, and are 
separated from it by extraction with water, 
which decomposes the Muminium sulphide, 
forming aluminium hydroxide and HjS, and 
leaving the crystals of boron. 

It is only oxidised with very great difficulty 
in oxygen, and in air no change takes place even 
at 2000°. Molten potash or lead chromate 
oxidises it with incandescence, but fused 
potassium nitrate docs not affecu it. ‘ Boron 
diamonds ’ of the composition B48C2AI8 (Hampe) 
(C2AlgB44, Blitz) may bo obtained by strongly 
heating a mixture of boron trioxide, sulphur,* 
aluminium and soot. The fused mass gives a 
mixture of yellow transparent quadratic crystals 
mixed with black opaque crystals of AlBi2» 
which can be separated by fractional flotation in 
a mixture of methylene iodide and benzene, the 
yellov; quadratic crystals being slightly heavier 
than the others. They are not attacked by hot 
strong hydrochloric or sulphuric acids, or by a 
solution of chromic anhydride in strong sul- 
phuric acid (Biltz.. Ber. 1910, 43, 297). 

Boron may be inlroduced into steel, and the 
properties of the boron steel so obtained have 
been studied by Osmond (Compt. rend. 110, 
242, and 346), by Moissan and Charpy [ibid. 
120, 130), by L. Guillet [ibid, 144, 1049), and by 
Hannessen (Zeitseh. anorg. Chom. 1914, 89, 257). 
Boron steels are obtained either by heating 
amorphous boron with reduced iron in a current 
of hydrogen, or by adding crystalline boron to 
the molten metal. On hardening by heating 
to a knqwn temperature a. id quenching, boron 
steel b^iiaves like a high-grade hard carbon 
steel as regafds increase in tensile strength, 
whilst the diminution in extension is not so 
great. The hardness of boron steel is not much 
affected by heating and quenching. The special 
effect of boron am^oars to be to communicate 
to the steel a high tensile strength rather than 
actual hardness when the metal is h?ated and 
quenched. 

Boron rapidly reduces manganese oxides in 
the electric furnace. With excess of oxide 
products containing up to 97 p.o. manganese 
may be obtained which are soft enoygh to bo 
filed. WRh excess of boron, harder, granular 
substances result, containing up to 20 p.c. boron. 
From these^.a defi'..lte boride MnB may 1^ 
isolated. It is a crystalline metallic powdfjr 
attacked by halogens and oxygen at high * 
temperatures, and by alkali hydroxides and 
carbonates at a red heat. Water or steam 
slowly decomposes it with evolution of hydrogen 
(Binet du Jassonnoix, Compt. rend. 139, 1209). 
The same author has obtained very similar results 
with molybdenum dioxide and boron (Compt. 
rend. ^143, 169) ; and has also ^epared two 
definite borides of chromium OgBg and GrB, 
by 1(;i8ing together chron\ium and boron. They 

very stable ton^rds reagents, ^ especially 
the former, but are d:x!omposed by fused 
alkalis, and by chlorine at a red heat. They 
are soluble in hydrofluoric, hydrochloric, a^ 
concentrated sulphuric acids (Compt. rend. 
143, 1149). The same author has also prepaw^ . 
NigB, NiB|, CO|B, and CoB| (Compt. lendC 146, 
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240) ; and borides of zirconium,^ chromium, 
tungsten, and molybdenum have b^n prepared 
by Tucker and Moody (Cliem* Soc. Proc^lJOl, 
lz9) ; and borides oi vanadium, uranium »nd 
titanium by Wedekind, Horst and Jochem 
(Ber. 1913, 40, 1198). 

ft 

Compounds of Bobon with Non metallic 
Elements. 

Boron hydrides are formed by dissolving 
magnesium boride in hydrochloric acid, or more 
easily by dissolving commercial ferroboron in 
dilute sulphuric! acid. Spontaneously inflam- 
mable. Boron hydrides admixed with hydrogen 
are evolved, and an insoluble residue formed. 
The gases have a characteristic smell, and de- 
‘*eompose a moderately concentrated silver 
nitrate solution, forming a blackish -brown pre- 
cipitate with metallic lustre. Tficy bum with a 
green flame and form a mirror when passed 
through a red-hot glass tube (JlolTmann, Ohem. 
Zeit. 1011, 35, 2(55). 

h^our unstable hydrides have been isolated, 
BaHg, B4TI,o, BgHi 2 , and a solid hydride 
BjoH|4, Boron hydride, BiUjo, is a colourlesH 
liquid, b.p. lf)"~177700 mm.; m.p. ca. - 112 '^, 
of a peculiar and most disagreeable odour. 
A few bubbles of the gas affect respiration and 
eauae'’headache. 1 1 is a very unstable su hstanee, 
decomposing at the ordinary tcm])cratur(' after 
a few hours, especially under the inlliienco of 
ultra-violet light, and quicker at higher tempera- 
tures, giving rise to B g I f 9 . It is similarly decom- 
posed by electric sparks. It takes fire spon- 
taneously in the air or in oxygen, burning with a 
green flame. Water and dilute liydrochlorie 
acid decompose it, and it is oxidised by concen- 
trated nitric acid witj;i explosive violence. It is 
rapidly absorbed by aqueous sodium hydroxide, 
the solution slowly evolving h 3 ^rogen. Am- 
monia gives a solid light brown substance, 
insoluble in water, whilst alcohol decomposes 
the hydride with evolution of hydrogen. 1 ’he 
solution in benzene is ve^y stable towards 
oxygon. 

The hydride BeHu is a colourless liquid, 
b.p. 10715 mm. ca. 1007700 ram., possessing a 
highly disagreeable odoi# and taking lire 
spontaneously in the air. It is more sensitive 
towards water and moisture than the hydride 
BjHjfl. With aqueous alkalis, hydrogen is 
immediately evolved (Stock and‘ Jdassenez, 
Bor. 1912, 46, 3608). 

BjHj is a colourless possessing a cha- 
racteristic, repulsive odour, reseml^flng that of 
tlfb hydride B 4 H, 9 . B.p. - 87 ° to -8877OO mm., 
m.p, —169°. It is more stable than 
but decomposes slowly at ordinary tempera- 
tures. It only takes fire in the air when mixed 
with other boron hydrides. With alkalis, it 
reacts similarly to B^Hjo ; with sodium 
hydroxide it gives solutions containing hypo- 
borates. 

The formula BgHj shows that boron nftist bo 
at least quadrivalent and not tervalent as a 
maximum,*, as it should ‘be according to* its 

E '^on in the periodic system (Stock and 
erioi, Ber. 1913, 46, 1969). 

The solid hydride BjoHii obtained by heating 
thp other hydrides is a colourless substance with 
' penetiating peculiar •dour, dissimilar to that 
of ihe gaseous hydrides. It sublimes in a 


vacuum giviim long needles, m.p. 99 - 6 ; D 0 * 94 . 
Not attacked by water, even when boiling, 
soluble ^ alkaline hydroxidB, giving intense 
yellow solutions (Stock, Friederici and Priesa, 
Bor. 1913, 46, 3363). 

All the hydrides when treated with caustiis 
alkalis evolve .hydrogen and form alkaline* 
hypoborates : thus with potassium hydroxide, 
B 4 H,„-^- 4 KOTT- 4 KOBHs+H 2 . TJie solutions 
of the hypoborates tlius formed are stable for 
hours at 0 ", but on boiling they decompose 
rapidly, Poln^f.num hypohoratc KOBHj forms 
glistening, octahoflral, colourless crystals which 
are .stable in dry air. It is deliquescent, and its 
solutions gradually dooorapose at ordinary 
temperatures, evolving liydrogen and forming 
pot.assnim borate. The aqueous solution is a 
strong reducing agent, giving with cop{»r salts a 
precipitate of copper hydride, and with nickel 
salts black insoluble nickel boride, NijB (Sftock 
and Kiiss, Ber. 1914,^47, 810. For action of 
lialogens on the bydrrdes, see Stock, Kuss and 
Priess, Ber. 1914,47,3115). _ 

Boramide B(Nfl 2 )„ is-Airmed together with 
ammonium chloride by the action of ammonia 
on boron tii(!hlorido at a low temperature 
(doannis, Compt. reml. 135, 1106). 

Borimide B 2 (Nlf )3 is a spmf^y white mass 
in.solnble m most solvents. On heating it*begins 
to give oil ammonia at 125°-130°, and is com- 
plel/cly transfftrmed into boron nitride at 
slightly liiglier temperatures. It is prepared by 
heating the compound of boron triimlphide and 
amtiioma B 2 S 3 , 6 NH 3 for some time at 116°-120° 
in a current of hydrogen or dry ammonia (Stock 
and Blix, Ber. 1901, 3039 ; and Joannis, Compt. 
rend. 135, 1106). 

Boron carbide forms exceedingly hard 
shining black crystals, which are capable of 
polishing diamonds. It may be obtainedl 
mas.sivc l)y fusing together boric oxide and 
carbon in an electric resistance furnace and 
cooling fairly rapidly (E. A. Sperry, U.S. Pat. 
869114). 

Shaped blocks of borom^tarbido arc obtained 
by preqiaring the body of the block in pure 
carbon, embedding (bis in powdeted carbide, and 
firing m an electric furnace (Biilling, Eng. Pat. 
6693, 1905). Modifications of this process have 
also been patented (Additions (2) Sept. 30, 
1904, to Fr. Pat. 353017). 

Boron nitride BN is a white, amoiq^ous, 
bulky powder discovered by Balmain in 1842, 
It is infusible, in.solublo in water, and generally 
somewhat inert to reagents, but Stock and Blix 
(Ber. 1901, 3039) have described another modifi- 
cation which is chemically much more active. 

It may be obtained mixed with BgO# by burning 
boron in air ; or by the action of nitrogen on a 
mixture of boric anhydride and carbon heated 
to redness (Wohler and Dev file, Ann. Chem. 
Phys. [3] 62, 84). It may be prepared by the 
action of ammonium chloride vapour on a 
porous mass of calcium phosphate and borax 
or boric oxid"' heated to ibright redness, after- 
wards extracting the cold mass with h 5 ^dro- 
chloric acid and water, and drying the f©sidu% 
of BN in a vacuum desiccator (Moeser jad 
Eidmann, Bor. 1902, 636); or by allol^ 
boron bromide to drop into ammoniai 
and heating the precipitated mixture pf boranude 
and borimide to 750° in a current of ammonia 
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kOA (Stock and Holte, Bw. 1908, 2096) j or bv 
beating boric acid and calcium oyanamide. A 
mixture of boT<7calcite C!aB407 andt carbon 
heated 6o 1850° and then to 1400°, affords a 
theoretical yield of boron nitride (Stabler and 
Flbert, Ber. 1913, 46, 2060). B,N has been 
prepared by heating boric acid with magnesium 
nitride. 

Boron sulphide BjSg forms fine white needles 
t>f density about 1-66, which melt at 3W°. It 
is volatile in hydrogen without decomposition 
(Moissan, Compt. rend. 116,203). It may be 
prepared by heating together sulphur and 
amorphous boron (Wohler and Bevillc) ; or, 
better, by heating ferroboron in a stream of dry 
hydrogen sulphide at 400°, and purifying the 
resulting product by dissolving out the sulphur 
with carbon disulphide (Hofmann, Zeit. angew. 
Chem. 1906, 1362). Combines with hydrogen 
sulfide to form thiomdahoric acid H 211,84. Is 
decomposed by carbon dioxide. 

Boron trlfiuoride BF,. Amorphous boron 
unites with fluorifje at the ordinary temperature. 
It is a gas at ordinary^-temperatures, and may be 
prepared by heating a mixture of boron trioxide 
ana calcium fluoride with sulphuno Jicid, or 
a mixture of potassium borofluoride and boron 
sesquioxide Wtuh sulphuric acid. It may be 
liquefii^d and solidified by cold and pressure : 
melts at —127° and boils at — lOr. It is 
rapidly decomposed by water, forming hydro- 
fluoborio and boric acids. 

Boron trichloride BOl, is a colourless, very 
mobile, refractive liquid which fumes in the 
air. Sp.gr. 1*4338 at 0° ; rn.p. -107°, b.p. 12*6°. 
It is decomposed by water with formation of 
hydrochloric and boric acids. It is prepared by 
passing dry chlorine over amorphous boron, and 
collecting the vapours in a U-tube immersed in 
a freezing mixture. The product is purified by 
shaking with mercury to remove chlorine, and 
by fractionation. It may also be prepared by 
heating boron Be8q[uioxide with phosphorus 
pentacnloride. 

Boron tribromide BBr, resembles the 
chloride in physical properties. It is prepared 
in the same 'fray, substituting bromine for 
chlorine, or by treating a red-hot mixture 
of carbon and boric oxide with bromine 
vapour. M.p. —46° ; b.p. 90 '5° ; sp.gr. 2*66 
atO"®, 

Boron trModide BI, may be obtained by 
acting on heated amorphous boron with iodine 
.or hydriodio acid, or by treating the vapour of 
the trichloride with hydrogen iodide. It 
. crystallises in colourless nacreous plates and is 
readily acted upon by light. M.p. 43° ; b.p. 210". 
Soluble in carbon disulphide, benzene, and other 
organic solvents. Bums when heated in oxygen, 
and' is decomposed when warmed with sulphur 


ric OXldnBsO, may be obtained by burning 
boron in oxygen, or, more easily, by strongly 
hoAring boric acid, when it melts at 577° to a 
viscii^ mass, cooling to a colourless brittle glass 
of ^.gr. 1'88. May be vaporised in vacuo, and 
is capable of expltoig carbonic, nitric, and 
acids from their salts at a red heat, 
jiwater, forming boric acid. For 
veioeity of h|%ation bi boric oxide to metaboric 
acid and omoWic acid, m Myen, Chem. So«. 
Trans. 1917, 111, 172. 


A Idue |dai8, ' nwmmxmmnrmi M mem 
vary^ with the duration and mtorsity of 
heating, and with the proportions of the 
ingifed’ents, is made from sodium sijlphide and 
boric anhydride. It is stable in air and only 
slightly soluble in water (J. Hoffmann, Zeitsoh. 
angew. Chem. 1906, 1089). ‘ 

Tdrahoron trioxide B4O3, boron dioxide 
B,0,, and tdrahoron pentoxide B4O5 are also 
known. 

Boric or Boracic acid. 8al sedaiivum 

Homherqii, Sal narcoiicmi mlrioli. Boric oxide 
forms three hydrates : 

Orthoboric acid BaOg-SHjO^RgBOj. 

Metaboric acid B2()3*H20=^H2B204. 

Pyroboric acid 2B203*H20=^H2B407. 

Ray (Chem. Soc. Trans. 1918, 803) has described 
the mode ot formation of a potassium borate 
KjBjOg, and hence the existence of an acid 

H2B4O,. 

Boric acid appears to be a dibasic acid, and 
most pf its salts maj be regarded as derived from 
metaboric or pyroborio acid. Both these are so- 
called ‘ weak ^ acids. Their salts, when soluble, 
have usually an alkaline reaction, even when 
containing excess of boric acid, and are decom- 
posed even by carbonic acid. 

Boric acid is found free in nature in many 
volcanic districts. In Central Italy it is pro- 
duced on a large scale in the territories of 
four communes : Pomerance, Massa Marittima, 
Castol Nuovo di Val di Cocina, Montieri, all 
in the province of Tuscany, the nearest ship- 
ping point being Leghorn, to which place it is 
brought by railroad from Volterra. It also 
occurs in the extinct crater of a volcano on 
one of the Lipari Island^, and in* the crater 
of StronrOoli, an active volcano on another 
island of the <,ume group, near Sicilv. Volcanic 
emanations containing boric acid occur in 
Nevada, in California, and Nova Scotia. It exists 
in solution in the mineral waters of Wiesbaden, 
Aachen, and Krankenlied, in Germany ; in the 
mud volcanoes of the Colorado Desert, in San 
Diego county, California ; in the water (F several 
mineral springs in Tehama county, Coliffiraia. 
In smaller quantities it exists in sea water and 
in the ash of many plants. 

Sassolite, or Tuscan boric acid, is never 
produced in the pure state, but is always asso- 
ciated with impurities, both soluble and in* 

; soluble. It differs considerably in quality, some 
I parcels containing ^ p.c. of crystallised acid, 

I while other^ yield only 76 p.c. The following 
I analyses show its general composition : — • 


Analyses of crude Tuscan boric acid. 


Boric acid BjO, 

Water • • 

( hygroscopic 

Ammonium sulphate (NHa)jS04 
Sulphate of alumina and iron 
Calciuin sulphate . 

I Magnesium sulphate 
Sodium sulphate 
Sodium chloride 
Sand 
Sulphur 
Organic matter 


47*96 44-04 
37-00 33-98 
0*73 2*80 

6-67 10-62 
013 0-20 

trace 1-^5 
6-91 4-03 

04)7 HO 
TO 0-31 
0*42 om 


0*« 


tra^ 

O'DI 


100-00 100 ^.; 
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An Mialysis of an average samplo taken from , 
fiOOO tone sho'wa it to be com posed als follows : — j 


Crystallised boric acid BgOj, 211.^0 . • f 3*6 

Hygrosoopie water . . « 1 -4 

Ammonium sulphate 5-3 

Magnesium sulphate , .7-6 

Iron and alumina * . . ,0-3 

Sand, organic matter, &o. . . , 2-0 


100-0 

Boric acid occurs on the West Coast of South 
America, principally in the form of boronatro- 
caloite {uUxite, or hayesine), and is found 
throughout the province of Atacama and in 
portions of Chile. Ascotan and Maricunga, 
to the north of Copiapo, are the places which 
have proved most successful commercially. 
The crude material, known as tiza, occurs in 
both places in lagoons or troughs ; these, instead 
of being entirely filled with common salt, as is 
usually the case in the desert,* contain zones or 
layers of boronatrocalcite, alternating with 
layers of salt and salty eartA. The lagocns of 
Maricunga are estimated to cover 3,000,000 
sq. metres. The raw material contains on the 
average about 26 p.c. of boric acid, but by 
washing and calcination it may be raised to 
65 or 60 p.c. The roughly purifiwl boronatro- 
caloite is shipped to England and Cennany. 

A borate of lime {rhodizite) is imported from 
the West Coast .of Africa. 

Pure ortho boric acid is easily obtained by 
treating a solution of 3 parts borax in 12 parts 
hot water with 1 part sulphuric acid. On cooling, 
boric acid separates out ; it is recrystalliscd from 
hot water, dried and fused to expel traces of 
sulphuric aeid, and again recrystallised from 
water. It forms whife, translucent, monocjinic 
lamin® (Kenngott), which havo^ mother-of- 
pearl lustre and are unctuous to the touch. 
Sp.gr, 1'434 at 15^ 

Boric acid evaporates freely in a current 
of steam. The loss sustained by evaporating 
an aqueous solution is 0*28 *p.c. of the water 
evaporated, equal to^ 2*8 lbs. for every 100 

S 8. (CT. Nasini and Ageno Atti. R, 

. del Lincei, 1912, 21,^1. 126.) 

The solubility of boric acid in water has 
been determined by Ditto (Compt. rend. 86, 
1069), but his results are probably low. Herz 
apd Knooh hnd considerably higher values at 
ly", 20®, 26®, and 26®. The figures oiBrandes 
and Firnhaber (Arch. Pharm. 7, 60) also differ. 
The results obtained by Tasini »nd Ageno 
(l^tscb. physikal. Chem. 1909, 69, 482) are 
quoted below : 


Tempe- 

rature 

Grams of HgBOg 
per 100-gram 
eoIutioD. 

Tempe- 

rature 

Grams of HjiBOj 
per 100-gram 
solution 

0® 

2-69 

60° 

12-90 

12-2® 

3-69 

69 '6® 

16-58 

21® 

4’90 

80® 

19-11 

31® 

6-44 

90® 

23*30 . 

40® 

^ 8-02 

99'5° 

28-10 

60® 

10-35 




Nmni and Ageno (Gazzetta; 1911, 41, i. 141). 
Tlie solubility of orthoborio acid in water is 
Jeasened (not, as stated in variofls places, 
imoeoted) by the presenoe of kydroobloric acid 
Voul-t 


(Herz, Chem. Zentr. 1903, i. 312) and of sul- 
phuric, nitric, and acetic acids : but tartaric ariB 
oxalic aeids have the opposite* effect (ibid. 766). 
Boric acid is soluble in alcohol, glacial acetic 
acid, and volatile oils. A cold saturated aqueous 
solution colours litmus a wine-red ; a hot 
saturated solution gives a bright-red colour. 

Crystallised boric acid, heated to 100®, Is 
converted into (Schaffgotseh, J. 1869* 

71), and into HaB 40 . at 160° (Merz, J. pr. Chem. 
99, 179 ; Ebelmen and Bouquet, Ann. Chim. 
Phys. [3] 17, 63). At a stronger heat the acid 
froths up, parting with its water and forming 
boric anhydride as a fused viscid mass, solidify- 
ing to a fissured glass on cooling. For the action 
of boric acid on sodium cliloride on heating, see 
Levi and Castellani (Gazz. chim. ital. 1910, 40, i. 
138) ; Levi and Garavini (ibid. 1911, 41^ i. 766). 

Boric acid and its salts are extensively us^ in 
medicine as an antiseptic ; and as a rood 
preservative they are also very widely employed. 
They are also employed for glazing porcelain and 
earthenware, in the prepararion cffglass and certain 
pigments, in the manufactffre of cosmetics, soaps, 
in the linings of safes, in the glazing of paper, for 
dressing leather, "as a flux, by laundresses, and 
for soaking the wicks’of stearin candles. 

The effect of boric acid in glazes is to ii^iease 
thoii* hardnfjss and their fusibility, and to modify 
the coefficient of expansion. A small amount of 
boric acid lowers the expansion, whilst a large 
quantity produces an increase. Tl^ effect is 
explained by Grenet (Oompt. rend. 123, 891) to 
be duo to the fact that wlien the proportion of 
bases to boric acid is high, devitrification occurs, 
whilst when the boric acid is the more important 
constituent, the coefficient of expansion tends 
to approximate to tliat of boric acid Jtself, 
which IS higher than that of any glass. 

It has also been proposed to use boric acid 
in the preparation of nitric* acid from Chile 
saltpetre, so as to obtain borax as a by-product. 

industrial extraction of boric acid. The 
occurrence of the sal sedathn^ of Homberg in 
the water of the Tuscan lagoons appears to have 
been first noticed in 1777 by H6f»r, a Florentine 
apothecary, and its extraction was begun about 
1816, and to-day a large part of the boric acid 
of commerce is derived from the lagoons near 
Monte Rotoncio, Lago Zolforeo, Sasso, and 
Larderello, in the Maremma of Tuscany, inclosing 
both natural and artificial vents. The aoffioni 
or jets of steam, which often rise in thick columns 
to a considerable height, contain only traces of 
boric acid, but when these are condensed in the 
water of the lagoons this becomes gradually 
charged with the acid which is obtained from 
the solution by evaporation. 

To obtain the boric acid, the soffioni are 
surrounded by basins of rough masonry, several 
of which are arranged in steps, one abovo»tbe 
other, in such manner that the contents of each 
basin can be led by gravitation into the basin 
below. Fresh water from a neighbouring spring 
is conducted into the uppermost basin, whilst 
the gases and vapours of the fumarol^ rise 
through the water from beneath, occasionally 
with such violence as to eject the water Witt 
height of several feet. After tweniy-four houih 
the water in the first basin, which is generdly 
muddy, is allowed to pass into the second basin, 
the first being recharged with fresh water. After 

2t 
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another twenty-four hours the second basin k 
dfecharged into the third and the first into the 
second, the secorRl and following bauihs being 
also built round soffioni. After having passed 
through four or five of these basins, the colution 
i§ passed into rectangular reservoirs in which 
the suspended matter is deposited on standing. 
From those itr passes into a series of leaden 

t vaporating'^pans, placed in couples onQ, above 
he other in the form of a terrace. These pans 
are heated by the gases ami vapours of soffioni 
which, on account of their situation, are other- 
wise useless — by a method first adopted by 
Count Lardarel in 1815. ^rho evaporating pans 
are square, about 1 foot doi']) and 9 feet square, 
and are supported on wooden beams. The solu- 
tion is heated in those for twenty -four hours 
until it Ifas attained a density of 1-017, when it 
is decanted into a second series of pans, where, 
after another twenty-four hours, it attains a 
density of 1 -034, and is fi.nally decanted into the 
last four pans, where it is evaporated to a specific 
gravity of 1-07. 

The temperature “gradually increases, being 
in the first pans about 60® to 70°, in the following 
pans about 76°, and in the last as high as 80°. 

In all those pans a precipitation of gypsum 
takes place, which requires to bo removed from 
time to time. When the solution in the last 
pans has attained a density of 1-07, it is run 
through funnels into the crystallising vats, con- 
sisting of y^ooden tubs lined with lead. After 
twenty-four hours the crystallisation is complete, 
the mother liquor is then decanted o£P and 
added to the evaporating pans a few hours 
before the completion of the concentration. The 
crystals are drained in baskets placed under the 
crystallising vats for twenty -four hours, and are 
spread out on the bottom of a large drying oven, 
which is likewise heated by the vapour from 
the soffioni. The ([ayer of crystals, which is two 
or three inches thick, is stirred at intervals to 
assist the drying. This is complete in twenty- 
four hours. An improved form of evajiorating 
apparatus consists in decanting the solution in 
the reseavoirs l^om which the suspended matter 
has deposited into a pan, and thence running it 
into a slightly inclined trough made of sheet 
lead with the edges turned upwards. The 
though has an undulatory form, is supported on 
wooden sleepers, and heated by the soffioni 
vapours. The solution of boric acid, after 
passing through this heated trough, becomes so 
concentrated as to bo ready for crystallisation. 

Artificial soffioni have been bored to a depth 
of 200 feet in the vicinity of the Monte Rotondo. 
The chief works are at Monte Cerboli, Larderollo, 
San Federigo, Castel Nuovo, Sasso, Monte 
Rotondo, Lustignano, Serranzano, Lago, and 
San Eduardo, each of which has from 8 to 35 
lagoni, 100 to 200 feet in diameter (Payen, 
Ind. Chem. transl. by Paul). 

The boric acid thus obtained is far from 
pure. Analyses of different samples by Payen, 
Vohl, and Wittstein show that it contains from 
74 to ^0 p.c. crystallised boric acid, from 4-5 to 7 
*piO. oT hygroscopic water, ammonium and mag- 
Milphates 8-14 p.c., together with 
gypSum, elB|K, sand, sulphur, oiganio matter, 
andfree acids and ammonia. 

The or^in of the boric acid in the soffioni 
k not understood. Dumas suggested that it k 


formed by the decomposition by mqans of water 
of a bed of boron sulphide formed at some 
dep^h* below the surface. BoUey (Aniialen, 
68,^1(22) supposed that it is prodiysed by the 
action of a hot solution of ammonium chloride 
upon the borates contained in the earth. Accord- 
ing to Warington (Chem.' Gazette, 1854, 419), 
Wohler and Deville (Annalen, 105, 69), and 
Popp (Annalen, 8uppl. 8, 1), its formation is 
probably due to the action of water upon boron 
nitride. 

Dieulafait has found boric acid in regions 
where there are no visible manifestations of 
volcanic action, and concludes that ib is of 
aqueous origin, and derived from the waters 
of ancient seas (Compt. rend. 100, 1017, and 
1240). 

Of late years the importation of boracite 
from South America and coleraanite from 
California, and also some Persian ores, has had 
a considerable effect on the Italian industry. 
Besides the obvious method of separating the 
borici acid from these ores by acidification and 
crystallisation, other processes are used for its 
extraction. 

One process consists m grinding the borate 
of lime or ulexite to an impalpable powder and 
treating it with sulphurous acid. 

A large wrought-iron tank, circular in shape 
and ogg-ended, is lined with st out sheet lead ; it 
18 i>revided with a cover and still head, mechani- 
cal agitator, and steam pipes. It is first of 
all charged about half full with water or weak 
liquor from a previous operation. The liquor k 
then boiled, and the powdered borate fed in by 
means of an Archimedean screw. 

Sulphur is then burnt in an adjoining furnace, 
and the^v^ulphurous gas is .injected by means of 
a peculiarly constructed lead injector into the 
boiling liquor!* A special type of sulphur burner 
for this process is patented by the American 
Borax Co. (U.S. Pat. 809650, 1906). The gas 
is wholly absorbed by the calcium borate, 
which itself is slightly soluble in water, boric 
acid and calcium sulphite being formed. The 
steam arising from the operation, containing 
boric acid vapours, passes from the still head 
through a condenser in order to prevent any 
loss that would occur. When the operation is 
complete, the steam and gas are shut off, and 
the contents of the pan allowed to settle, which 
occupies ^ about ten hours. The clear boric 
acid liquor is then run either into vats made 
from whit^j. sugar ^ine, or of ordinary wood 
loail-lined, where the boric acid orystallijjes 
out. The mothei liquors are then drawn off, 
to be used over again if not too highly impreg- 
nated with foreign salts, or still further treated 
for the recovery of the calcium sulphite And the 
slight percentage of boric acid thev contain. 

Bigot (J. Soc. Chem. Ind. 1899, 1830) obtains it 
by heatmg together borate of calcium and anuno- 
iiium^pulphate in a closed vessel. The ammonia 
driven off k condensed and collected, and the 
bogie acid obtained by. extraction of the residue. 

Another method^ is to treat bpuoite with 
sodium bkulphate, a by-product in nitric Aoid 
manufacture. The two are dksolved in theo- 
retical quantities in water to a density of 16 ° B. at 
100°. The solution k filtered and concentrated 
to 30° B. lOn cooling, the boric acid orystallksiB 
out and very pure sodium sulphate is obtained 
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by conoentriition the mother liquors (Heidl- 
berfo Chem, Zeit. 1907, 31, Rep. 48). 

Cheual Douilhet &, Co. (B. R. P. UO^l, 
1899) produce boric acid by taking ad voltage 
of the fact that when a borate is boiled with 
ammonium chloride, ammonia and boric acid 
are produced. If the concentration is too high, 
there is a tendency to recombination ; the 
boric acid is therefore removed frequently by j 
crystallisation from portions of the liquid, the 
mother liquors being returned to the main volume. ' 
By this process it is claimed that 98-99 p.o. of 
the boric acid in combination is recovered. 

In another process chlorine is passed into 
water at 70® containing finely powdered calcium 
borate in suspension. Calcium chloride and chlo- 
rate and boric acid are produced. The boric acid 
is removed by cooling, and the mother liquors 
used again until sufficiently concentrated for 
convenient extraction of the chlorate (G. C. 
Moore, Eng. Pat. 20384, 1899). 

Metallic Borates. • ^ 

Borates are obtained by the action of borir 
acid on metallic oxides or their salts, in either 
the dry or wet way. 

In solution boric acid is a very weak acid, 
being expelled by almost all acids from its com- 
binations, partially so even by carbonic and 
hydrosulphurio acids. A boiling concentrated 
solution, however, decomposes carbonates and 
soluble sulphides and manganese sulphide. 

In the dry way, at high temperatures, it is 
capable of decomposing the salts of all more 
volatile acids. 

Alkaline borates are soluble in water, but 
are precipitated by alcohol. The remaining 
borates are- in.solubl^, or very sparingly soluble 
in water. The soluble borates pioduce precipi- 
tates in solutions of salts of calcium, barium, 
strontium, nickel, and cobalt, and of ferric salts 
which are readily soluble in anauoniuin chloride. 

Anhydrous borates arc produced by fusing 
together, in a special furnace at I360°-14(Kr 
for three hours, boric oxide with the necessary 
quantity of^oxide, carbonate, or nitrate of the 
metal. With largo excess af boric acid, lithium, 
potassium, sodium, rubidium, caisium, thallium, 
and silver produce clear fusions which either 
crystallise or leave clear glasses on cooling. 
Cuprous oxide, and oxides of lead,^ bismuth, 
antimony, arsenic, titanium, molybdenum, and 
tungsten produce clear Visions at the high 


j temperatures which form emulsioM on cooling. 
The oxides of calcium, strontium, bariu«, 
I magnesium, zinc, cadmium, •manpnose, iron, 
cobalt, and nickel, do not give nomtgeneous 
fusions, but separate into two layers { W. Guertler, 
J. Soo. Chem. Ind. 1908, 168). • 

Borates have also been prepared eleotrolyti- 
cally by Levi and Castellani by electrolysing boric 
acid and an alkaline earth chlondq in a special 
type of divided cell (J. Soc. Chem. Ind. 1909, 248): 

Ammonium borates. LadcreUite 

(NH,),BioOi8,6H,0 

occurs in the I’uscan lagoons in small crystal- 
line rhomboidal plates (D’Achiardi, Chem. Soc. 
Abstr. 1900, 1500). Atterberg (Zeitsch. anorg. 
(!liem. 1900, 48, 307) distinguishes a diborate 
(NH 4 ) 2 B 407 , 6 H« 0 , crystalRsiiig in tetragonal 
pyramids, besides the pentahorate * 

(NH4),0,5B.().,,3H,0, , 

crystallising in rhombic double pyramids pre- 
viously prepared by Rammelsberg. Cf. Sborgi 
(Atti R. Accad. dei Lincei, 1^12, 21, ii. 865 ; 
1913, 22, i. 90). ^ 

Barium borates. The interaction of barium 
hydroxide and bone acid in aqueous solution has 
been studied by Shorgi (Atti R. Accad. dei 
Lincei, 1914, 23, i. 530, 717, »54). The only 
stable compounds which appear to exist are the 
triborates (Ba(),. 3 B, 03 ,-f HgO) and the meta- 
borate (BaO.BjOs-fHaO). 

Calcium borates CajBjOn. There are three 
varieties of calcium borate, which correspond to 
the three varieties of calcium carbonate, calo 
spar, marble, and chalk — viz. horacite or pander • 
mite^ coletnanite, and pn’ct7e— each found in 
different parts of the world in large quantities, 
and of a well-defined and constant composition, 
Meyerhoffer and van *t Hoff (Annalen, 36b, 100), 
in attempting to prepare compounds of similar 
composition artificially, havg obtained several 
other calcium borates. These authors assign 
different compositions to colemanite and pander- 
mite. Boraette, in outward appearance, closely 
resembles a snow-white, ftne-grained marble 
colemanite is of a crystalline nature like calc spar, 
or Iceland spar, and has beeif termed horaU 
spar ; prwikf or hechilittf is a very fine, white, 
soft, chalky mmeraf ot a cohesive nature, easily 
rubbed to powder, and resembling chalk. 
Chemically speaking, they are all nydrated 
calcium borates, differing only in their composi- 
tion in respect to the water of combination, 
their composition being given in table below. 


-ft. 


• 


Ca|B(0^i,4Aq. 

Ca,B,Oij,6Aq. 

CajB|0^j,3Aq. 

Boric acid B),Oj . . * 

65-8 

63-3 

60-9 

48-8 

Lime CaO . . . . 

300 

28-4 

27-2 

26-1 

Water H^O . . . . 

14-2 

18-3 

21-9 

26-1 

• 


100-0 

• 

1000 

100-0 

100-0 


Cf. Sborgi^Atti R. Aocadf dei Lincei, 191^ 22 , 

i.039,716T ^ 

Boracite has been extensively mmed at 
Sulton-Chairi, in the district of the Villayet of 
Brouaa in iiia Minor, forty-five miles from 
Fanderma, a port on tke Sea of M^i’mora ; the 
principal deposits, as far as yet known, exist 


near the Tschataldga Mountain, in long. 28® 
east of Greenwich and lat, 40® nortii Th% 
Susurlu river runs from tho Tschataldga UOjW- 
tain to the Sea of Marmora : it is partly 
gated to a point called Mohalitc® ; the field is 
situated in a basin of Tertiary age, surrounded 
by volcanic rocks, which vary from granite on 
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the east to trachyte on the north, and columnar 
b&salt on the west. Several basaltic hills and 
dykes protrude in^^difierent portions o^«tke basin, 
and th^ presence of hot and mineral springs 
further testifies to the volcanic influenoee which 
have been at work, and in which, doubtless, 
originated the boraoio mineral. The latter 
occurs in a stratum at the bottom of an enormous 
bed of gypsvm; its greater sp.gr. probably im- 
pelling it downwards, while the whole mass was 
yet in a soft sta^. Several feet of clay cover 
the gypsum bed, which is here 60 or 70 feet thick, 
though in places it attains to double that thick- 
ness. The borate strata vary in depth, and have 
been proved for a vertical distance of 45 feet. 
The mineral exists in closely packed nodules of 
very irregular size and shape, and of all weights 
up to a\on. It is easily separated from the 
dark-coloured gypsum in which it is embedded, 
and*a number of people are employed at the pit 
mouth in picking and seltjcting the material. It 
is sold on a basis of 40 p.o. boric acid, which 
would be equal flj 78*5 p.c. of the jnire calcium 
borate with five molecdrts of water CajBaOi i,5Aq., 
the remainder consisting of calcium sulphate and 
other impurities. 

Borate spar or colemahite has boon exten- 
sively mined sihoe 1883 at Calico, in San Ber- 


nardino county, CalifOTnia# 462 miles south-east 
of San f^noisoo. The geological formation 
of the* surrounding hills consists of black lava, 
sanasjones of different colours, g 3 rpsum, steatite, 
and calcium carbonate ; it is found in veins and 
seams from 2 feet to 8 feet in thickness, in some 
oases dipping at an angle of 36®, and at others 
running into the hillsides almost horizontally. 
Its colour and streak is white- milky to trans- 
parent ; hardness 3-5-4 ; sp.gr. 2*4 ; before the 
blowpipe it exfoliates, decrepitates violently, and 
melts imperfectly after consideraMs heating ; 
it imparts a reddish-yellow colour to the flame, 
which changes to green. The uagments are 
obscurely rnombic and pulverise easily ; it 
is wholly soluble in hot hydrochloric acid • 
from the solution boric acid crystallises on 
cooling. Lustre of the mineral is vitreous to 
adamantine. The veins and seams are inter- 
spersed with masses of calcium carbonate and 
magnesium silicate, from which, like® the bora- 
cite, it has to be picked and selected. 

Itgi formula is CttjBjOjj.SAq. ; it is sold on the 
basis of 40 p.c. boric acid. Average sampleE 
from the bulk vary in composition from 33-6 
p.c. boric acid up to 41*2 p.o. ; the following 
analyses may serve as examples of the generaJ 
composition : — * 


Borate Spar. 


, Component parts 

1 

2 

3 

4 

6 

•Calcium borate Ca.B^OnSAq, . 

66-2 

70-4 

76-0 

78-00 

80-80 

Calcium carbonate CaCO, 

16-3 

15-1 

11*6 

8-76 

7*17 

Insoluble matter SiO^ 

10-6 

10-2 

8-9 

7-10 

7-60 

Remaining impurities MgO, &c. 

7-0 

4-3 

4-6 

0 6-16 

443 

- 

100-0 

100-0 ' 

100-0 

100-00 

100-00 

•—to boric acid .... 

33-8 p.c. 

35-9 p.o. 

38-2 p.c. 

39-8 p.c. 

41-2 p.o. 


Borate spar is also found in the neighbourhood 
of Furnace Creek, Inyo county, (klifornia; its 
outward 'appeafance is frequently so exactly 
like calc spar as often to be mistaken for that 
mineral. Priceite has hitheHo not been so ex- 
teniively mined as boracite and colemanite; a 
mine of this mineral, however, exists at Lone 
Ranch, Cheteo, Curry, county Oregon, from 
i<:hich source, since the tirst cargo was extracted 
by B. L. Fleming in 1888, several hundred tons 
have been taken. It is found embedded in 
boulders of different size, the nodules varying in 
weight up' to one ton. It is of a soft chalky 
nature, purely white, can be easily rubbed to 
powder, but is of a cohesive character ; it is 
Very soluble in sulphurous acid, hydroohlorio j 
acid, or acetic acid, yielding boric acid. The 
loUonffng analysis from bulk shows its oomposi- ' 
t io n 


Boric acid 
Lime CaO 
Water H,0 . 

Magnesia MgO 
SiO, . 




44-24 
30-91 
23-00 • 
0-66 
1-20 


• 100-00 
^ Becktitte is aaoaloium borate found in the 
in Tuscany. 


Its composition is represented by the formula 
CaB407,5H20. 

Boronatrocalcite^ jJlexitef tiza,'^ oottonbaJls, 
hayesine Ca 2 B, 0 iiI^djB 40 ,, 16 H, 0 , is a soft, 
fibrous, silky mineral of a brilliant white when 
pure, generally found in nodules of a yellowish- 
white colour, varying iri size from that of a 
Brazil nut to a potato. This curious mineral was 
first found in the nitre beds of Peru in small 
quantities, and was^xamined by Ulex in 1836. 
It was disdbvered in Tarapaca, 30 miles from 
Iquique, under the crust that covers the nitrlic 
of soda beds. It has since been discovered in 
Chile, Bolivia, California, Nevada, Nova Scotia, 
and Persia. 

Its composition is constant, containing, when 
pure ; 

Boric acid BjOj 
L^e CaO 

rilj_ -kT* r\ 


Soda Na,0 
^ Water HjO 


431 

13-8 

7-7 

364 


lOOO 


The nodules are frequehtly found inenated 
with a coating of sodium sulphate and salt 
from which cause the peroentaj^ of boric ac^ 
in large parcels varies c6nBidera%, f^e arexigt 
being from 18 to 26 p.o. 
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Chile has hitherto been the principal lo^ce I It is also found in nodules in grey limestone 
of supply of this borax material, Ulexite, when | at Werksthal, Hungary, and at Danbury, Clan* 
in a state of fine dirision, is difficultly soluble in . necticut» IQnited States. • 
boiling Water. • « Sussexite is a hydrated borate of, manganese 

cScium borosUicate. Doidite {Howlite). 1 and nvimesia found in Sussex county, New 
A siliceous borate of lime, colour white, streak | Jersey, United States. Tourmaline, found in 
white, opaque, of rf chalky nature, found at I different parts of the world in different colours. 
Calico, San Bernardino county, California, anu ' also contains a small pcrcei^tage of boric 


at Brookville, Nova Scotia, Composition: 
Boric acid BaO* . . . 44*22 

Lime CaO . . . . 28*69 

Silica SiO, .... 16*25 
Water H.O . . *. .11*84 


j Potassium borates. Atterberg *di8tinguishee 
I five different potassium borates : a monoborate 
Kjj 0,B20 j, 3 Hj 0 ; three diborates Kj0,2B30;, 

1 crystallising with 4, 64, and 6 molecules of 
j water respectively ; and Laurent’s pentaborato 
100*00 I K20,6Ba05,8H30 (Zeitsoh. anorg. Chem. 1900, 

Copper borate is readily obtained by t^^^^ borates. The only commercially 

a soluble borate m solution with copper chloride ^ important compounds are sodium, diborate 
or sulphate. It is blue, and used in certain the perborate {v, Perhoratee)^ 

oU pamts and also m the colouring of porcelain, njetaborate NaB02,4HjO is readily obtUindd 
Iron bor^e. A hydrated borate of iron, fusing together the necessary proportions of 
fagonde I ejOa.SBjOgjSHjO, is found m the sodiufh carbonate, and crystal- 

Tuscan lagoons. . , hsing. • 

Lead boratM. By miring concentrated hor&tes NaaO-a^^^)., and Na,0,4B,08 

solutions of lead nitrate and borax, the mote- luelting at 604'"’ and 783° respectively may be 
borate Pb(B02)i,H20 is precipitated, and by obtained by fusing mixtures of borax and boron 
the use of solutions of smaller concentrations tijoxide. ‘ • 

Rose obtained many basic salts. They all melt Ji^odium dihorate, or Borax. .Borax occurs in 
on strong heating to colourless or light-yellow, crude state in what are termed* borax 
highly refractive glasses, the hardness increasing ^jarshes, which are generally the bottoms of 
with the boron content. Classes may be ob- dried-up lakes, or, where tincal is found, lakes 
tained by fusing together lead oxide and bone nearly dried. The crude borax in the 

acid in any proportions greater than 0 '0726 ; ferj^er instances is found lying oif the surface 
equivalent of PbO to 1 equivalent B-jOj, but plain, of a peculiar greyish-yellow 

beW this limit an emulsion is formed on cooling, colour, having a depth of from 1 inch to 18 

Magnesium borates. (tobriyte). | is generally associated with other 


This mineral occurs crystalline and massive, 
colour white, streak white, fracture conchoidal 
uneven, subtranspllront, translucent, lustre 
vitreous inclining to adamantirjp, hardness 7, 
sp.CT. 2-83, pyro-electric, soluble in acids. It 
is found at Stassfurt, Prussia, embedded in the 
kainite beds, the composition being: 

Boric acid BjOg ... - 62*33 

Magnesia MgO . 27*03 

Chlorine Cl . . 7*91 

Magnesium Mg *. . 2*73 

• 

^ 100*00 


substances, both soluble and insoluble, as the 
table of analyses below shows. 

At Jagadhri in Northern India, 31 miles 
S.E. of Umballa, there is a borax refinery, the 
product of which is shippei^ to Calcutta. The 
quantity of tincal and borax obtained from 
the districts of the Himalayan Mountains 
, amounts to about 2000 tens per annum. Tl.e 
' tincal deposits are of fery ancient origin. 
In North America there are no less than ten 
deposits^ffve of them being "in the' State of 
Califorma — at Saline Valley, furnace Creek, and 
Armagora (in Inyo*county), Slate Range (in San 


Composition op Cbud* Boeax feom the Mabshes. 


. 


2 

3 

4 

5 

6 

7 

8 

a- 

Sodium bibnrate . 

*30-30 

38*3 

2-10 

63*08 

1-9 

33-30 

6-62 

46-20 

Water . . . . • . 

37*68 

40*8 

14*08 

39*24 

26-7 

25-88 

16-46 

43-80 

Sand and insoluble matter 

18*00 

10*9 

12*80 

1-20 

33-0 

2-40 

8-80 

7-16 

Sodium carbonate . 

6*10 

6-3 

16*10 

6-60 

34-3 

13-70 

18-30 

2-76 

Sodium sulphate 

0-26 

0-1 

19-10 

0-36 

0-6 

8-26 

20-22 

.... 

Sodium chloride 

0*60 

1 0*4 

34*60 

0-50 

0-7 

16-40 

28-20 

0-40 

Calcium carbonate . 

3-28 

2*4 

0-70 

— 

2-0 

0-60 

0-80 

.0-30 

Magnesium carbonate 

2*26 

0-4 

0-30 

— 

0-6 

0-30 

0-60 

^0-30 

Oxide of iron and alumina 

I-6J 

1-4 

0-22 

0-13 

1-3 

0-17 

0-20 

0*10 


100*00 

jlOOO 

100-00 

100-00 

100-0 

100-00 

100-00 

100-00 


Berpardino county), 4hd Lower Lake (in Lake I California, in 1866, by Dr. John A. VeatcE, sinol 
couhty) ; the remaining five are in the State of ! which time the different deposits menUMUd 
Nevaoa^t Rhodes, Teels Marsh, Columbus, j have been developied, and the aiiailable supply 
and I'ish Lake (in Esnmralda county), and Salt is practically unlimited, and is solely re^umied 
Wrib (Gaison Lake, Churohili coun^). by the demand. The exports of borax from 

Borax was first acciifontally di^vered in | America have increased very greatly of la^ 
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ywtts, and, to a large extent, have taken the 
place of the Italian product. 

Commercially .iborax is valued by evaporating 
to drynosB a known weight of the sample with 
hydrochloric acid, and estimating the chloride 
volumetrically in the residue with silver nitrate. 

Any chloride present in the sample as impurity 
is estimated separately and allowed for, the 
percentage (j£ borax being calculated frj^iBtthe 
equation 

Na^B^O 7 + 2HC1 + 5H 2O = 2NaCl + 4H3BO3. 

^ Properties . — Borax forms two varieties of 
crystals, (l)the decahydraie, \\\\io)x is produced 
by allowing solutions of borax to crystallise by 
cooling down to the ordinary temperature ; (2) 
octahedral borax, which is a pentahydrate which 
sepanitescout W'hen the solution is allowed to 
crystallise above 60®. 

k Ordinary or prismatic borax Na2B407, 
lOHjO forms large transparent monoclinic 
prisms with truncated ‘lateral edges. They 
effloresce w hen c^'posed to the air, have a rather 
sweet cooling alkaK- e taste, and a sp.gr. 
of 1'75. When heated they melt in their 
water of crystallisation, swell up, and leave 
a porous spongy mass, called burnt Or calcined 
borax {borax uaia), and fuse at a red heat to a 
colourless anhydrous glass (vitrihcd borax) wdth 

a sp.gr. of 2-36, which gradually absorbs ime a mixi^ure 01 uonc acui anu iree soua. 
water from the air, reforming prismatic borax. Borax fuses at 730® and readily dissolves and 
At 62® the decahydrate undergoes transition unites with metallic oxides, forming a fusible 
into the mentahydrate NagB 407,51120. At glass of a double salt, which property renders it 
130® the salt contains^ 3 mols. HgO ; at 150®^, of great use in soldering and in metallurgical 
2 mols. HjO ; at 180®, 1 mol. HgO. At 318° operations and in blowpipe analysis, the glasses 
it becomes anhydrous,^*^ thus formed often exhibiting characteristic 

When borax is distilled with methyl alcohol, odours. It is used also in the preparation of 
about 60 p.c. of the boric acid comes over fairly easily fusfolo glass fluxes foi' enamels and glazes, 
readily, and on longer treatment nearly 60 p.c. ^2. OctaheM borax Na^BiO^.SHjO is ob- 
From the liquor remaining in the flask, crystals tained by allowing a saturated solution of borax 
of NaB02,6CH80IJ separate (Polenske, Analyst, to cool down to about 60® m a warm place and 
lOOi 34). removing the crystals. 

>^orax dissolves in water, but is insoluble in crystals are regular, transparent octa- 

, alcohol. The aqueous solution has an alkaline hedra, harder thar? the ordinary borax. They 
reaction, and changes the colour of an alcoholic j^ave a conohoidal fracture and a sp gr. of 1*8. 
solution of turmeric to brown ; a small quantity q^ey do not change in dry air, out absorb 
of a mineral aftid restores the original yeUow'^ moisture very readily and become prismatic, 
colour, but a larger quantity liberates boric acid They fuse more readily than the prismatic 
in sufficient quantity to produce the character- crystals, and with less intumescence, and with-'^ 
i«t3o brown colouration. The following deter- splitting. Octahedral borax is therefore 
minations of its solubility are those of Horn better adapted for soldering and as a flux than 
and van Wagoner (Amer. Chem. J. 1903, common Iborai, and the smaller quantity of 
346) water (a difference of 17 p.o.) diminishes the cost 
100 gram, H,Odis- transport The frismatio variety ie, how- 
solve of aahydrouR over, generally preferred, probably because it js 
P borax NujB^O^ cheaper weight for'weighW^ 

60° . 19-9 grams The commonest implirities in borax are 

70® . 24 '4 sodium carbonate and small quantities of 

80® . 31-4 chlorides and sulphates of sodium, calcium, and 

90° . 40*8 magnesium. It is occasionally adulterated with 

100® . 62*3 earthy matters, alum, and sodium chloride. It 

should dissolve in two parts of boiling water and 
should, not effervesce with acids. Tne aqueous 

For conditions determining the crystallisa- golution should not be rendered turbid when 
tion of borax, see Levi and Castellani (Gazz. Seated with an alkali.* or with barium chloride 
chim. ital. 1901, 40, i. 138). or silver nitrate in presence of^itrio acid. 

• At the temperature of 27®, borax solutions 

I lb., of borax to the imperial gallon, and The manufacture of borax from mic aetd^ 

havl\ Bp.gr. ^ 1*600, or 10° Tw. The gj^ral ^bis industry is chiefly associated whh the 

orvstallising sflength is 1 *160 sp*gr.» or 82 Tw., production from the Tuscan lagoons. The crude 
when the solution holds 6 Ibi. of borax to the packed in large cdliks weighing about 13 
•gallon, crystaUisati,on commencing at 66*6^/^ cwts., on arrival at the borax works is first of aB 


100 grama HjO dis- 
solve of anhydrous 
t° borax Na8B,07 


6® . 

. 1 -3 gram 

21*6® 

. 2-8 

30® . 

. 3*9 

>6® . 

. 8*1 

60® .» 

. 10*6 

66® ;• 

. 14*2 


3 orax is easily decomposed by acids. H y3/r0‘ 
chloric acid leaves, on evaporation, sodium 
chlorid-e and free boric acid. Carbonic acid is 
absOTbed by a solution of borax from the air, and 
no borax is precipitated on the addition of 
alcohol. Saturated with sulphuretted hydrogen 
and mixed with alcohol, tKe liquid separates on 
the addition of ether into two layers, the lower 
containing sodium sulphide, the upper free boric 
acid. 

It forms double salts with arsenious acid 
of the empirical formula. 

3Na2O*6B2O3*5As2O8+10Aq 

(Scliwoizer, J. 1850, 267). With sodium fluoride 
it forms sodium fluorborate. When 1 pt. tar- 
taric acid is mixed with 2 pts. of a hot solu- 
tion of borax, boric acid separates out on 
cooling, if the tartaric acid be increased, the 
separation of boric acid likewise increases up to 
a certain point, after which it diminishes, and 
ultimately is no longer separated. Acid tartrate 
of potassium fornif^ a double salt with borax. 
Silicic acid is insoluble, or nearly so, in solutions 
of borax. 

Benzoic, tartaric, and gallic acids dissolve 
more readily in borax than in water. Many 
fatty acids and resins dissolve as readily in 
borax as in alkaline leys, the borax behaving 



manipulated in the casks themselves. For this 
purpose, the cask is placed on what is termed a 
stillage, the head taken off, the acid loosened 
with a spade and treated with small qdki^ities 
of water for the purpose of washing out Ifce sul- 
phates of ammonia and magnesia, which, on 
account of thoir grater solubility, easily sepa- 
rate from the less soluble boric acid, the wash- 
ings being used for the recovery of the ammonia 
and magnesia they contain, whilst the acid, 
wh oh formerly contained 83*46 p.o. BaO^SAq. 
or equivalent to 128*6 p.c. borax, is brought up 
to a strength of 96*67 p.c. BiOg.^Aq. or equivalent 
to 148-87 p.c. borax. The acid, after draining 
for twenty-four hours, is then placed in wicker 
baskets and transferred to the saturators. These 
are ma'de of wrought- iron | plates, having a 
diameter of 10 feet, egg-ended, height 9 feet 6 
inches, provided with nopper and swivel dis- 
charge, still head, inspection glasses, run-off 
stop-cocks, and connected by steam pipes with a 
perforated iron coil in the bottom of the pan for 
the purpose of boiling thp borax liquor with 
injected steam. There is also a manhoie with 
movable cover. When the saturator is ready 
for charging, liquor is pumped in to the height 
of 4 feet, or 2300 gallons, vhich is then boiled 
with steam and soda ash. Anhydrous sodium 
carbonate is then added, about 23 cwts. being 
generally required to 60 cwts. of acid. When 
the soda ash is all dissolved, the manhole lid is 
placed on, and the boric acid is put in by 
degrees through a hopper, half a hundredweight 
at a time. At each addition of acid a brisk 
ebullition ' of carbonic acid takes place, which 
passes along the still head, and after being de- 
rived of its ammonia may be utilised for making 
icarbonate of soda. 

After the aatura^or has received its charge of 
ioda ash and acid, the liquor is U^ioroughly boiled 
for five hours and allowed to settle, in order that 
the solid impurities may subside. This gene- 
rally occupies from eight to ten hours, after 
which the liquor is run into largo wrought- 
iron vats 12 feet long, 6 feet wide, 4 feet deep, 
into which the wires made of iron, technically 
called ‘ straps,’ are suspended over bars of wood 
laid across the top of the vat. The liquor on 
cooling crystallises on the wires, sides, and 
bottom of the vat, and when the temperature has 
fallen to 26® {80®F.), the liquor is siphoned off 
from the vats, and men ^et in, and, ^ the aid of 
iron bam terminating m a ohiselled end, first 
remove the crystallised Jorax from the straps, 
then cut up the borax crystalliaingtin the bottom 

the vat, and lastly knpok down the sides 
This borax is not of sufficient purity for the 
market, and is, therefore, subjected to a second 
refining, and, if necessary, bleaching. For this 
purpose a series of pans, called refining pans, are 
employed; they are also of wrought iron, 
circular, 9 feet duameter, egg-ended, 8 feet deep, 
open at the top and provided with cradles of 
wrought iron perforated with holes, smspended 
by iron chains from a patent block overhead in 
such a manner as to be raised or lowered^n the 
pans as required. The pans are boiled with 
stfam issuing from** a perforated pipe in the j 
bottom. They are first half filled with water, or 
some of the clearest liquor from a previous 
operation, and when ^he liquor is boiling crude 
borax is thrown into the cradle and allowed to 


dissolve.* The right amount of borax is tested 
by means of the Twaddell hydrometer, whicl 
should read 30* when the liquor ia of the requilec 
strengfh.* About 6 cwts. of lodium carbonate i 
added, and a little chloride of lime,* and th< 
whole 'thoroughly boiled. The saturated, liquoi 
is then allowed to settle in the pans for ten hoifrs 
covers being placed on them to prevent th 
liquor chilling ; the pans are run off into vats 0 
siiTfil^r size and shape to those employed in thi 
first process, and the borax allowed to crystallise 
which takes six days. Upon the expiration o 
that time, the liquor is siphoned off to a well 
made by sinking a wrought-iron tank in th< 
ground below the level of the vats, and, if impure 
is pumped up to the refining pans to be used ove; 
again, and if sufficiently pure is pumped to boil 
ing-down pans, to be concentrated to such i 
degree as to yield a further crop of bffrax. 

The liquors from the first vats ar^ als< 
pumped to the boiling-down pans, where the] 
likewise undergo a# process of concentration 
These boiling-down pans are made of wrough 
iron, and are capable of hofding about 400( 
gallons. They are provfaed with dry-steam coils 
and are superior to other means of concentra 
tion from the. facj that they are complotel] 
under control, and the evaporation of the liquoi 
can bo regulated a.s fast or as slow as^may b< 
necessary. The liquors in these pans are concen 
trated until they reach a sp.gr. of 1*300, or 60' 
Tw., when they are run off into vats to yield’ firs' 
a crop of borax, and then upon reaching a tem 
peraturo of 80°F. they are siphoned off int( 
other vats, where they yield a crop of Glaubei 
.salts, or sodium sulphate, after which the liquors 
being rich in sodium carbonate, are used agair 
in the saturators for making up a fresh batch o: 
borax with acid and soda ash. Th^ mothei 
liquors, strong in common salt and weak ii 
sodium carbonate, are further concentrated ii 
jacketed pans, where, on continued boiling, thi 
salt falls to the bottom, is collected by meani 
of rakes, and fished out with perforated scoopi 
provided with long wooden handles, and the sal 
is ladled into iron baskets set over the pans anc 
alloNved to drain. By this means aU the salti 
contained in the soda ash and boric acid ar( 
saved, and no thine is run to waste. 

The washings from the boric acid in thi 
first process, containing the ammonium sul 
phato and magnesium sulphate, are oolloctei 
together, and placed in a wrought-iron still pro 
Tided with a dry-steam coil. . The requisih 
amount of sodium carbonate is then added, am 
the ammonium carbonate is distilled off, yield 
ing a highly concentrated and very pure carbon 
ate of ammonia liquor, which is either sold ii 
that state or utilised for making the pures 
volcanic ammonia salts. 

The borax from the refined vats, consistid 
of the straps and sides, is carried to the«paokm 
I room, there to be picked, selected, and paoke 
in casks, whilst the borax bottoms, not bieing i 
the form of merchantable borax, are refined agaii 

Manufacturt of borax from borate of lime. 

The mineral is first crushed in a slftn 
breaker, the size of jaws being 8 mo])||i»an 
known as No. 4, easily oap^e of orushin 
12 tons in twenty-four hours. As the mniffiN 
passes through it is taken up by an elevator an 
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run throttgh millstones, 30 inches in ^ameter, 
an4 placed by the side of the crusher. There 
are two pairs, one grinding fresh ora %nd the 
other gnnding tne tailings. The mulstones 
deliver the powdered ore into another eljpvator, 
wfiich passes it through a bolting or sifting 
machine, 10 feet long and 30 inches in diameter, 
having octagonal sides, the bolting cloth being 
of silk know'n &s No. 8. As considerable fine 
and impalpable dust arises from the sifting, it is 
kept down by means of an exhaust fan blowing 
the dust into a dust room. The fine mineral is 
conveyed by means of an Archimedean screw 
and elevator into bins, each holding a certain 
<]uantity and placed over the saturators. These 
are wrought-iron tanks capable of holding a 
charge of 2500 gallons, and provided with suit- 
able agitators and either dry or wet steam coils, 
the bottom of the saturators being connected 
by 3^‘nch wrought-iron valves and pipes to a 
powerful pump lor the purpose of removing the 
contents of the saturate/ when desired. The 
saturators are grauped together in sets of four 
for facilitating the lixivi'».tion of the contents by 
means of repeated washings, after the Urst de- 
composition of the mineral. The saturators, 
as in the case of the manufacture of borax from 
boric acid, are ^,rst charged with liquor and 
brouffhh^ to the boil ; a charge of soda ash, 
usuafiy about 30 cwts., being put in, which is 
sufficient to decompose three tons of the borate 
of lime which is gradually added after the soda 
ash is all dissolved. The soda ash gradually but 
completely decomposes the sesquiborate forming 
calcium carbonate, borate of soda, and biborate 
of soda : 


CajBjOii+SNa^CO, 

= 2CaC03 4 - Na , + 2 NaBOa. 

Aft€i boiling five hours the steam and 
agitators are stopped, and the muddy liquor 
aUowed to settle for ten hours, after which time 
the clear supernatant liquor is run off to vats to 
crystallise, and the residue is again washed with 
weaker liquor from the saturator previously 
washed, the operation being repeated of boiling 
and washing with the gradually weaker liquors 
from the otner ^turators in rotation. By the 
time the mud has received ekht washings, the 
last being with water, the wole of the borax 
wdl have been removed, and the chalk which is 
left is then pumped through an iron filter press, 
which completely presses out the remaining 
weak liquor and leaves the chalk in a solid cake, 
which is generally thrown to one side, being too 
impure for any purpose. The first liquor run to 
the vats contains the bi borate and borate of 
soda, together with carbonate and sulphate of 
soda in solution. The biborate of soda or borax 
crystallises out after cooling in the vats for 
alMut six days, leaving the borate of soda in 
Elution. The liquor is then siphoned off into 
the w«il and pumped to the boiling-down pans, 
where it undergoes the process of concentration 
it reaches a 8p.gr. of 1*350 to 1*400 (70® 
tO"^80*Tw.), when it is run off into vats and 
ijliowed to throw a further crop of borax. The 
atJjither^fiquor is now of a syrupy consistence, 
a^' is Wmped into a decomposing tank, where 
can^dioxide is blown through it. The following 
•decomposition ^kes place 

4NaBOa+CX),«Na,B*0,+Na,CO. 


The borax faUs to the bottom of the tank ia 
a finely divided state, whilst the sodium oar^* 
bonat^ remains in solutipn, and can be used over 
agai|^ m the saturators for the first operation. 
The refining of the borax from the first process is 
the same as that employed in the borio acid 

S rocess, and therefore need not be further 
escribed. The only precaution necessary is the 
addition of a little bicarbonate of soda in the 
pans to decompose any borate of soda that mighM 
be associated with the borax. Three tons OP 
borate of lime produce 2 tons of borax and 1 ton 
of borax in the state of metaborate of soda. Meta- 
borate of soda may be formed by mixing the con- 
centrated solutions of borax and caustic soda 
together in their equivalent quantities, and 
evaporating to 70®Tw. : 

Na,B ,0 7 + 2NaHO - 4NaB0 , + H ,0 
from which the metaborate of soda crystallises 
in needle-shaped crystals having the formula 
NaBO*,4H,0. 

100 parts of metaborate of soda, when de- 
composed by carboliic acid, produce 65’6 parts 
of borax and 34*4 parts of sodium carbonate ; 
about 30 cwts. of borate of soda thus produce 
20 cwts. of borax. 

The following process is used by Masson, 
Gembloux, and Tilli6ro, Brussels. An am- 
monium salt is treated with lime in a distilling 
column and the ammonia set free is passed into 
water contained in a digester, and the digester ia 
then charged with carbonic or sulphurous acid. 
The digester is gently heated and pandermite is 
introduced. It is then closed and more strongly 
heated for several hours, whilst the contents are 
mechanically agitated and are transferred, when 
the action js com]>leto, to filter presses, whence 
the liquor Vassea lo a reactiop chamber where it 
Is agitated with sodium chloride and, alter 
addition of a Ifvtle ammonia, is discharged into 
crystal] isers. After removal of the borax which 
crystallises out, the mother liquor is used instead 
of water in the succeeding o^ration. After 
several operations, tbe mother liquor requires a 
special treatment. 

In this process, an ammonium bilK>rate is 
first obtained by the ammonium carbonate 
treatment of calcium ‘'borate, and from this am- 
monium salt borax is obtained by double de- 
composition with sodium chloride. Boronatro- 
oalcite may be used instead of pandermite if 
process is siightly modified. 

Manufacture of borax from vlexite* 

Borax is ipanufaofJired from this mineral at 
the various deposits, and also in England> 
France, and Germany, to which places it is ex- 
ported from Chile and California, selected and 
packed in sacks. 

llie first operation consists in reducing the 
material to a state of fine division, and for this 
purpose a mill is used so constructed as to tear 
the borate to pieces instead of grinding it, whiqh, 
owing to its fibrous silky nature, is found pre- 
ferable. ^ 

T^.o borate is theg' mixed with its pro]^ 
proportion of soda ash and bicarbonate ot so^ 

; or soda ash and boric acid, having regar^th 
the fact that, if associated with muw gypsuSi* 
proportionate additional allowance of so(ht .Mh 
must be made, as the gmum deoompoeM the 
sodium carbonate, forming sodium 
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ftnd obidk. Tbe dt>mpo8ition ol ul^te being 
' ^ajB.OifNaaB^O,, it requires one equivalent of 
bioarbonate of soda and one equivalent tf car- 
bonate of soda to decompose it : > I 

2(Ca,B,0iiNajB^07)-f2NaHC03-f2Na,C03 

« SNajB^O 7 -f 4CaC03 -f- HjO. 
These ingredients arl all mixed together in the 
dry state. The process adopted is similar to the 
processes already described — namely, that of 
first boiling the liquor in the saturator, then 
gradually adding the crude material, boiling, 
settling, lixiviating. 

100 parts of the ulexite, testing 43 p.c. boric 
acid, require 10 parts of bicarbonate of soda 
and 12 parts of carbonate of soda, for its con- 
version mto 117 parts of borax. 

Manufacture of borax from crude borax. 

This branch of the industry is generaUy 
carried on at the borax marsh. It may be 
desirable to give a description of the Saline 
Valley, Inyo county, California, where the most 
extensive deposit of natunal borax exists in 
North America, before entering into the details 
of refining. 

The valley, situated on the eastern slope of 
the Sierra Nevada Mountains, 11 miles from the 
Carson and Colorado railroad, is 18 miles long and 
12 miles wide, surrounded with mountainous hiUs 
which afford no outlet, and therefore the valley 
may bo said to be the bottom of a dried-up lake. 
At the point of' deepest depression an area of over 
1000 acres is covered with crude borax from 6 to 
18 inches ip depth. The colour of the crude 
material as it lies upon the level plain is a peculiar 
grey yellow. The borax in Saline Valley is 
mixed with sand, which is volcanic ash and de- 
composed lime rook^ sodium sulphate, sodium 
carbonate, and sodium chloride. The surround- 
ing hills consist of granite, ma#blc, dolomite, 
black lava, and felspar. The composition of the 
crude material varies in strength from 10 p.c. of 
borax up to 90 p.c., whilst in some places on the 
marsh — under a crust composed of sodium sul- 
phate, sodium carbonate, and common salt — beds 
of tinoal, or large crystals of borax, some two 
fwt in thickness, are found ; whilst below the 
tincal there is a strong <«aturated yellowish 
liquor containing 1 lb. of borax to the gallon. 
All the manipulation that is required is to 
shovel off the surface of the marsh to a depth 
Af 18 inches and cart the materia^ to long 
Itemispherical wrought-iron pans set on arches 
*of stone, fired beneath w^tji wood fuel obtained 
in the neighbourhood. The pans Ire charged 
with water, and the crude material thrown in 
end vmorously stirred with long poles, until, 
with the aid of heat, all the soluble salts are 
dissolved. The fires are then withdrawn, and 
tiie contents of the pans allowed to settle for ten 
hours, when the liquor is draAvn off into vats, 
where the borax crystallises out. The mother 
liquor after six days is drawn off, and the borax 
is taken out and packed into saolu for shifiment. 

BoriK and boric acid are applied in the 
manufacturing industries a« follows : — * 

Sriek emd tile makers. Glazed surfaces. 

Commit makere* PrepMation of wicks. 

Cesnm, Making the finest kinds, which take a 
polish. 

China and tarOienwart^ In prepa^^ a frit 

used for glazing what is teohnio^y termed 


* biscuit ware ’ in pottery of all descrip- 
tions. i 

Colour makers. In prepariM Guignet’s green 
and borate of manganese (a drier). 
Copper^iths, In brazing. 

Druggists, Pharmaceutical preparations. ^ 
Enamelled iron. An enamelled ooating to oast 
and wrought iron. 

Glass, Making pastes and as an^ingredient. 

Hat mdkers. Dissolving shellac for a stiffener. 
Ironsmiths, In welding. 

Jewellers, In soldering. (Ancient name for 
borax, ‘ chrysocolla,' gold-glue. ) 

Laundresses, As a starch-glaze for linen. 

Paper makers. Superfine note and highly glazed 
paper and cards. 

Pork packers. Curing and preserving hams and 
bacon. » 

Safe makers. Lining safes to resist fire. 

Soap makers. As an emollient. J 

Tanners. Dressing leather. 

Textile manufacturers^ Solvent-bleach ; mor- 
_ dant ; fireproofer. ^ 

Timber merchants. In pjeiparation of hard from 
soft wood. 

Zinc borate is formed by adding borax in 
slight excess to "a solution of a zinc salt. For 
conditions of formation, see Berchers (Zeitsch. 
anorg. Chem. 1910, 68, 269). • 

Perborates are salts of the acid HBO. or 

A 

\(1 

free state on account of its instability. The 
alkali and alkalme earth salts are soluble m water 
and have an alkaline reaction. They behave in 
solution like mixtures of borates with hydrogen 
peroxide ; the active oxygen being liberated by 
heat, by acidifying the solution, or bj» large 
dilution. Oxydases, reductases, and manga- 
nese dioxide cause them to g^o up the whole of 
their reactive oxygen. They convert chromic 
acid and molybdates into perchromic acid and 
yellow pcrmolybdates. They readily oxidise 
protoxides and their salts q^to higher oxides, but 
do not always fo.m perboiates with them. 
Ferrous, mercurous, monganouf, and lead salts 
yield higher oxides ; the salts of other metaJs 
yield perborates of* an indefinite or basic com- 
position. Perborates of the alkali metals may 
De obtained by careful precipitation of solutions 
of alkali borates with alcohol in the presence of 
hydrogen peroxide. 

Ammonium perborate NH4B03,H,0 is the 
best characterised of the several perborates 
resulting from the action of ammonia and 
hydrojgen peroxide on ammonium borate. It 
contains 16‘84 p.c. of active oxygen. 

Potassium biperborate KB,03,2H30 is 
obtained by the action of hydrogen peroxide 
I oi^otassium borate. 

u^Sodium ^borate NaB03,4H80. When 
“^248 grams of boric acid are mixed with 78 grams 
of sodium peroxide and added graduaUy to 
2 litres of cold water, the mixture dissolves at 
first, but later a crystalline substance separates 
out which may be filtered off and dried^ Thi% 
substance, which has a composition Na iBiOit , 
lOHjO, is called * perboraxi* and is soluDiPm 
water to the extent of 42 grams litre at U*. 
When one-half of its sodium is displaoed by a 
mineral acid, a crystalline precipitate ol wdmm 
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'ptrboraie Na0‘0‘B<^^+4Hg0 separates out. 

This is ^ very stable substance, and can be pre- 
served indefinitely at ordinary temperatures. 
Iji dissolves readily with slight decomposition in 
water at 60°-00“, and a vigorous ebullition of 
oxygen takes j^dace at 100°. The cold aqueous 
solution possesses all the properties of hydrogen 
peroxide. When powdered sodium perbbrate is 
added gradually to 50 p.c. sulphuric acid, and 
the solution filtered through guncotton a very 
strong (160-200 vols.) solution of hydrogen 
peroxide is obtained. ^ 

For the constitution of the perborates, see 
Bosshard and Zwicky, Zeitsch. angew. Chem. 
1912, 26, 993. 

OroaS’ic Derivatives of Bori.* Ann. 

borate, and compounds of pipendttte, 
coniine, tetrahydroqninohne, and ietramethyl- 
ammonium hydroxide, h(ive been prepared by 
L. & T. SpiegeV(J. Soc. Chem. Tnd. 1906, 103). 
The meniliyl and hcrnyl esters are readily 
prepared by heating menthol and bomeol with 
boric acid, xylene being used as a medium in 
the latter case (Vereiii Cltininfabriken, Zimin er 
& Co., Eng. ?»t. 11574, 1900). 

Etkyl borosalicylate, or ‘ boryl,' is prepared by 
boiling together 02 grams of boric acid and 
138 grams of salicylic acid with 200 c.c. of water. 
The resulting borosalioylic acid is esterilied by 
adding 00 grams of 95 p.c. alcohol and heating 
with 40 grams of suljihuric acid. It forms needle- 
shaped crystals which are more convenient than 
oil of winter-green for many medicinal purposes 
(Cohn, Chem. Zentr. 1911, 1; 1806). 

Zinc boropicrate, or ‘ chrysyl,' is the product 
obtaiftjd by boiling together boric and picric 
acids, and saturating the mixture* with zinc 
oxide. It is a yellow powder used as a medicinal 
antiseptic (Monteil, J. Soc. Chem. Ind. 1908, 
364). 

Phenyl borate B(OPh)3, diphenylbork acid 
B(OH)(OPh)j, m-tolyl borate B(OCgH4Me)3, and 
^-naphthyl borate B(CioH70)s, together with 
several other ai^l halogen boron compounds and 
■horohenzoic acid C()jH'CqH 4-B(OH)2, have 
een prepared by MichaSlis (Annalcn, 315, 
16-43). 

' Borcitrates are valuable as remedies in cases 
of kidney disease and urinary calculi. Their 
solvent power for urates and phosphates is 
CTeater than that of lithium benzoate. The 
diborooitrates are best adapted for the purpose. 
The following are known 
Magnesium triborooitrate(C,H50 ,) ,Mg3(B,H803) j 
„ diborocitrate (CjH.OJjMg^fBjH^O^jj 

' „ monoborocitrate (C3H307)jMg(BH0.3) 

.Lithium, potassium, sodium, and ammonium, 
mono-, di-, and tri-borocitrates of similar con- 
stitution have been prepared. Iron salts have 
also been obtained containing respectively 8 and 
16 p.c. of iron by acting on sodium di- and 
niono»borocitrate with ferric hydrate (Soheile, 
Pham^ J. [3] 11, 389). 

^ Tbp magnesium compounds possess strong 
aidisf^ptio i^perties. 

Dj^otio]» and Estimatiok of Bobon. 

Boron almost always occurs in the form of 
1:^0 acid. When -the acid is in the free state 


it can readily be xeoognised by the green colour 
which it gives to the flame, and by its action 
upon turmeric. 

f’l^rmerio paper, when moistened with a solu- 
tion of boric acid and dried, acquires a cherry-red 
colour, which is changed to olive-green on moisten- 
ing with an alkali. Acid *8olutions of zirconio, 
tantalic, niobic, and molybdio acids also colour 
turmeric brown. Cassal and Gerrans (Chem. 
News, 1903, 27) find that the sensitiveness is 
greatly increased by the addition of oxalic acid, 
and base a colorimetric method of estimation 
of bone acid on this reaction. 

The green colour imparted to flame is a very 
delicate test for boron (according to Merz, J. pr. 
Chem. 80, 487, 1 part in 1400 may be detected by 
means of it). It is, however, to be noted that 
salts of copper likewise colour flame green, 
as well as certain compounds of chlorine and 
barium and thallium. When the boric acid is 
combined with a base the compound in the state 
of powder is decomposed by means of sulphuric 
acid, /ind the bori6 acid extracted by alcohol. 
Compounds not decomposed by sulphuric acid 
are fused with potash and digested with alcohol 
and sulphuric acid. 

The presence of boron in minerals may 
be detected by mixing the mineral in powder 
with a flux containing 1 part fluor-spar to 4^ 
parts hydiogen potassium sulphate, made into a 
paste with water, and heating the mixture in 
the inner blowpipe ilamc, when boron chloride is 
given ofi which tinges the flame green ; or by 
mixing the suspected substance with fluor-spar 
moistening with concentrated sulphuric acid, 
and passing the escaping gas through a tube 
drawn to a fine point into the non-luminous 
bunsen fltfme, which it colours green. 

The spectrum of boron shows three bright 
linos in the green and one in the blue. Hartley 
finds in the spectra of boric acid and borax the 
lines A3460-3, a2497^ and A2496-3, which he 
considers characteristic of boron (Roy. Soc. 
Proc. 36, 301), (For the measurement of the 
intensity of these bands, v. Lecoq de Bois- 
baudran, Compt. rend. 76, 883.) 

The quantitative estimation of boron is 
difficult, as all borates are soluble to some 
extent in water and alcohol, and boric acid 
cannot be heated without loss m contact with 
water. 

One fiiethod of direct determination is to 
precipitate the boron as potassium borofluoride, 
which is quite insoluble in alcohol (Berzelius, 
Lehrbuch, li ed. 10, 84 ; Stromeyer, Annalep, 
100, 82 ; Thaddeeff, J. Soc. Chem, Ind. 1898, 
953). This method has been adversely criticised 
by Gooch and others, and has been almost 
entirely superseded. 

The most trustworthy method of estimating 
boron is due to Gooch. If the boron is not 
present as boric acid, it is brought into that 
state heating for some honrs in a sealed tube 
with nitric acid. The resulting solution is 
repeatedly distilled with methyl alcoUbl, the 
boric acid passing dver in the vapour. The 
distillate is then treated ^jith an exactly weighed 
excess of pure lime, transferred to a platinum 
crucible, evaporated to dryness on the water* 
bath and strongly heated. The increase in 
weight repiesents the boric anhydride, 

Volnmetrioally, borio acid may be estimated 
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acoumtely by titrafion with caustic soda, iising 
ohenolphtiwuei'n as indicator, if about one-third 
TO the DulSyiof the solution of glycerol is |i,dded 
(Thomson^ J. Soc. Chem. Ind. 1894, 432 ; |.l 80 

Analysis). 

A freshly prepared solution of manna may 
replace the glycerol •{lies, Analyst, 1918, 43, 
3267). Tropaolin 0 (sodium-p-bcnzene-azore- 
sorcinol-sulphonate) may be used for the direct 
titration of boric acid without the addition of 
mannitol or glycerol. vSoda is first neutralised 
by standard hydrochloric acid m the presence of 
methyl orange or p-nitrophenol, excess of sodium 
chloride not materially interfermg with the 
accuracy of the method. The indicator is 
introduced as 0’04 p.e. solution (Prideaux, 
Zeitsch. anorg. Chem. 1913, 83, 3(12). 

Boron may be estimated indnectly by digest- 
ing a weighed quantity of the finely divided 
compound in a platinum vessel with hydrofluoric 
acid, and then with concentrated sulphuric acid. 
On warming gently, the boron present is expelled 
as fluoride, and after drivir^ off the excess of 
sulphuric acid, the quantity of bases ifi the 
residue is determined. Their weight, deducted 
from the 'weight of the original substance, gives 
the quantity of boric anhydride. 

When combined with potash or soda, boric 
acid may be determined by evaporating the 
solution of the previously weighed salt with 
hydrochloric acid, and determining the chlorine 
in the dry rebidue (Scliweizcr, Pharm. Ceutr. 
1850, 372 J. 1850, 690). 

(>ude boric acid (Italian) is usually valued by 
determining the water and the substances 
insoluble in alcohol, and taking the rest as being 
boric acid. According to Zschiramer (Chem. 
Zentr. 1901, [5] 44, ^nd [7] 67), the results are 
inaccurate, on account of the water not being 
completely driven off under the aonditions used 
(2 hours drying at 46® and 2 hours in desiccator). 

Boron is best estimated in the prcsouco of 
pflicates ; e,g. in tourmaline, by the method of 
G. W. Sargent, who has submitted all the 
processes published to examination and criticism 
(J. Amer. Chem. Soc. 1899, 868-888h The 
mineral is fused with alkali carbonates, an^ 
after lixiviating and acidif;fing, the boric acid is 
volatilised from the solution as the methyl 
ester. A convenient form of apparatus for 
prforming this operation is described. The 
boric ester is subsequently hydroly^d bv a 
weighed quantity of pure lime, and estimated by 
Gooch’s process. • 

A method for its estimation ^n insoluble 
sffioates is also given by Wherry and Chapin 
(J. Amer, Chem. Soo. 1908, 1687-1701). 

A solution of boric acid produces no change 
of colour in solutions of helianthin, tropcoolin, 
and methyl orange, but a drop of hydrochloric 
acid immediately changes the yellow colour into 
red. Borax may thus be titrated by the stronger 
aoi^ (A. Joly, Oompt. rend. 100, 103). 

(For the estimation of boric acid in Cnineral 
wateigiv. Fresenins, Zeitsch. anal. Chem. 26, 
202.) • • 

To detect boric acid in milk, baryta is added 
to 100 0 . 0 . of milk til3*alkaline. After incinera- 
tion, the ash is dissolved in a little strong hydro- 
chloric acid, evaporated to dryness, and a solu- 
tion of turmeric with ^ drop d|lute hydro- 
chloric acid added, and the solution evawrated 
on a water-bath. 0*001 p.o. boric acid gives 


a distinct colour to turmeric in tbii manner 
(J. Soo. Chem. Ind. 1887, 563). ^ 

Boric ^cid may be rapid^ determined m 
butter tfy stirring a weighed *^^quantity^ with a 
known volume of warm standard sulphuric acid 
till melled, allowing to settle, and titrating a 
portion of the aqueous part with caustic soaa, 
using phenolphthaleln. The pink colour appears 
when the sulphuric acid has be*i neutralised ; 
glycerol is then added and caustic %oda run in 
till the colour reappears. The second titration 
represents the bone acid( Richmond and Harrison, 
Analyst, 1902, 179). 

BORONATROCALCITE. An early name (G. L. 
Ulex, 1849) for the mineral ulexite, a hydrated 
borate of sodium and calcium NaCaBjO^SHjO. 
Most of the natural borates exported from South 
America (Chile, Bolivia, and Argentum) are of 
this 8peti(‘h ; it is also abundant in the borate 
deposits of California and Nevada. L. J.^. 
BOROVERTIN v. Synthetic drugs. 
BORSALYL. Trachi name for sodium boro- 
salicylate. ^ 

BORYL. Trade iianu* for ethyl borosali- 
cylate. Rreparod by boiling together solutions 
of boric aeiil and salicyhc acid and esterifying 
by the addition of qjcohol and sulphuric acid. 
Needle-shaped crystals. Used medicine as a 
substitute for ethyl salicylate (Montgil, J. 
Soc. ('hem. liid. 1908, 364). 

BOSCH. An inferior butter prepared in 
Holland. The term is sometimes used as 
synonymouB with margarine iq.v.). • 

BOSTONITE. A trade name formerly m use 
for the Canadian serpentine - asbestos {v 
Asbestos). L. J. S. 

BOSWELLIA SERRATA (Roxb.) or GUGAL. 
The gum of this plant (ord. Bursmicfw) is used as 
an incense. J t is often confounded witW bder- 
hum and olibanum(Dy mock Pharm. 3. [3] 7, 190), 
BOTANY BAY RESIN Balsams, 
BOTRYOLITE r. Calcium. 

BOTTLE-NOSE OIL. An oil obtained from 
the bottle-nosed whale, closely resembling sperm 
oil ; its 8p.gr. varies from;»i>-876 to 0-880 (Allen, 
J. Soc. Chem. Ind. 2, 63). 

BOUILLON NOIR. Ferric Bcetate (r. Acetic 
acid). 

BOU-NEFA. Itie root bark of Thapsia gar- 
ganxea (Linn.), an umbelliferous plant growing in 
the South of Europe and Algeria. It contains a 
rosin used as a medicine in France. 

BOURNEENE or VALERENE. A Uquid 
hydrocarbon isomeric with oil of tur^ntine, 
secreted by the Dryohalanops aromatica (Gaortr. ), 
and holding in solution borneol or Borneo cam- 
phor. According to Wallach (Annalen, 230, 
225 ; (3iem. Soc. Trans. [2] 60, 70), it is a mixture 
of the decomposition products of camphene. 

BOURNONITE, Sulphantimonate of copwr 
and lead CuPbSbS?., crystallising in tabular 
orthorhombic crystals; these are frequently 
twinned and show re-entrant angles at the edges, 
hence the names ‘ cogwheel-ore ’ and ‘ wheel- 
ore.* It is found in Cornwall, Harz, Ac. ; and 
in Bolivia. It sometimes occurs in sufficient 
abundance to be used as an ore of cop^ ax4 
lead. L. J. S, 

BOVEY COAL v. Fuel. ^ 

BRAGA. An' alcoholic bevCDrage used in 
Boumania, prepared bv the fermentation ol 
millet. The se^ is boiled with about 12 timee 
its weight of water for 14 hours, the resulthu 
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^ous mass cooled, stirred with water and | 
lowed to ferment. The liquid is filtered and 
mixed with wat^r, when it is ready ^or sale. 
It is somewhat sweet, and contains about 1-3 p o. 
of alcohol by weight. ^ 

^ BRAlfS FOwuER. An explosive consisting 
of 60 parts of a mixture of potassium chlorate, 
potassium nitrate, wood charcoal, and oak saw- 
uust saturated with 40 parts of trinitroglyoerine 
(Wagner’s Jahr. 22, 470). ^ 

BRAN, The name given to the coarser frag- 


meniB, consisting mainly of the outer layeqi* 
which are produced in the grinding of jailUng oi 
oereaLor other seeds. When the twm is used 
without any descriptive adjective, the product 
from wheat is usually understood ; but maize, 
barley, buckwheat, rve, oats, even peas and 
earth nuts, when milled, yield products which 
are described as ' bran.’ 

The following analyses, compiled chiefly 
from German and American sources, show the 
general average composition of various ‘ brans ’ i 


~ 

Wtttor 

Proteia 

Fat 

Sol. carbo- 
hydrates 

Fibre 

Ash 

Wheat bran, fine .... 

13-2 

15-5 

4-8 

54-0 

8-0 

4-5 

„ „ coarse .... 

13-2 

14-3 

4-2 

62-2 

10-2 

6-9 

„ „ spring wheat 

11-6 

16-1 

4-5 

64-.*) 

8-0 

6-4 

„ ,, winter wheat 

Ryr bran (German) .... 

12-3 

16-0 

4-0 

53-7 

8-1 

6-9 

12-5 

16-7 

3-1 

68-0 

5-2 

4-5 

„ „ (American) .... 

11-6 

14-7 

2-8 

63-8 

3-6 

3-0 

Barley bran . .^ . 

10-5 

14-8 

3-6 

67-6 

8-5 

5-0 

Oat bran 

9-6 

7-6 

2-7 

63-8 

21-6 

' 6-7 

Maize bran . . ' . 

12-5 

' 9-9 

3-6 

61-6 

9-6 

3-0 

Rice bran 

9-7 

12-1 

8-8 

49-9 

9-6 

10-0 

Buckwheat bran, fine 

12-0 

16-2 

4-5 

50-0 

U-3 

7-0 

„ „ coarse - . . 

16-6 

8-0 

1-8 

34-2 

37-6 

2-8 

Pea bran . - . 

11-7 

16-8 I 

1-7 

46-2 

20-1 

3-5 

Earth nut bran 

10-6 

21-8 

18-1 

24-7 i 

19-5 

5-4 


The digestion coefl&cients for the constituents 
of moat varieties of bran are low, so that their 
food value is in general not so high as the analyses 
would indicate. 

The character and composition of the bran 
from any particular grain is liable to considerable 
variation, according to the method of milling 
adopte^. As a rule, the less perfectly the com 
is ground, the richer is the bran in meal and 
therefore in feeding value. 

It will be noticed that bran is much richer 
in protein, fat, ash, and fibre than the fine por- 
tions of the meal from the same grain. 

In the case of wheat, the finer portions of the 
bran are known as ‘ midtUings ’ and ‘ sharps ’ or 
* shorts.* UsuaPy the last term denotes the 
portions which most nearly resemble bran, while 
‘middlings’ refers to an intermediate product 


more approximating to flour in composition, 
though much richer in protein, ash, and fibre. 

The processes employed in the milling of 
wheat, however, are so complex that about 80 
or 100 products are separated. For a study of 
the composition of the various products of a 
modem roller mill, sec Clifford Richardson (Bull. 
No. 4, y.8. Dept, of Agiric. Div. of Chomis- 
try, reploduced in part 9, Bull. 13, [1898]). 
Usually, about 70 to 76 p.c. of the wheat is ob- 
tained as flour of various grades, about 20 p.o. 
as bran, 3 or 4 p.c. as ‘ shorts,* and the remainder 
as screenings and loss. 

WeinAvurm (06storr-Ungar. Zeits. Zucker- 
ind. tc Landw. 1890) found that from Hun- 
garian wheat, 20 p.c. of bran of three dewees of 
fineness were obtained, possessing the fmlowing 
composition t — 





Composition of dry matter 

— 

Yield 

p.o. 

Water 

Protein i 

Insol. Sol. 

Fat 

Sol. carbo- 
hydrates 

Fibre 

Ash 




in dll. acetic acid 




Fine bran 

i 16 

11-36 

13-60 3-06 

IT 

4-64 

63-64 

8-71 

6-55^ 

Medium bran . 

2 

11-65 

13-38 1 2-72 

3-96 ' 

63-97 

9-08 

8-89 

Coarse bran 

2 

12-37 

13-44 3-17 

3-46 

62-13 

9-79 

7'01 


Snyder (Studies on Broad and Bread- 
making at the University of Minnesota, 1901) 
exammed the products from the milling of wheat 
W the American methods, using a hard Scotch 
life wheat. 

The shorts and bran obtained had the follow- 


ing composition: — 
<» ' ^ Protein 

^ Water (NX5*7) 
ShdWtff 8-73 14-87 

Btai 9*99 ‘44-02 


Total carbo- 

Fat hydrates Ash Acidity 
6-37 65-47 4-66 0-14 

4-39 65-54 6-06 0-23 


The acidity is expressed in terms of lactic acid. 


The carbohydrates of bran hare been in- 
vestigated by Sherman (J. Amer. Chem. Soc. 
1897, 19, 291). He found the following average 
percentages in wheat bran : — 

Total soluble carbohydrates calou- 
lated as dextrin . . . 

Starch . . . . . 17-7 

True pentosans . . 17-5 

Lignin and allied substanoei . H-6i 
(Mulose 


Total corbohydi’ates 


02-5 
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Other inveifciJatorB — ToUens, Ohahnot, 
Qiinther and Stone — have found from 22 to 
25 p.o. of pentosans in wheat bran, while«maize 
bran contains about 40 p.c. § 

Girard (Compt. rend. 1897, 124, 026)*ffive8 
the results of the examination of by-products 
from wheat — ^presumably shorts and bran — by 
a method different from the conventional one. 

In estimating the amount of water-soluble 
matter in products from seeds, he points out the 
necessity of using ice-cold water, otherwise the 
enzymes present may act upon the constituents 
of the se^, and greatly increase the amount of 
matter soluble in water. 

The following are the moan figures calculated 
from analyses of the by-products from four 
French wheats : — 

Water Soluble in water Insoluble In water 
14-72 10-63 74-65 

The matter soluble in water consisted of — ! 
proteids 2-70, carbohydrates C-16, inorganic 
matter 1-77, The matter insoluble in water 
consisted of — gluten 4-66, Starch 28-08, giitro- 
gonous woody matter 6-70, fats 3-17, cellulose 
30-22, inorganic matter 1-94, loss and undeter- 
mined 0-99. 

The mineral matter in bran is very high as 
compared with that in the rest of the seed, being 
usually between 6 and 6 p.c., whilst that in flour 
is usually loss than 0-6 p.c. 

The ash of bran is particularly rich in phos- 
phoric acid, but poor in lime. The following 
analysis by Wolff gives its usual composition : — 
KgO Na,0 MgO OaO PgOg SiOg 

24-0 0-6 16-8 4-7 61-8 1-1 

There is a widespread belief that bran is 
particularly well fitted, because of its richness 
in mineral matter,* to supply the needs of 
animals with reference to the dc^tlopment and 
nutrition of bone. But from a study of a bone 
disease among horses and mules in 8outh Africa, 
it has been deduced that for normal bone nutri- 
tion it is ne<!essary that aniipals be supplied, in 
their rations, with phosphoric oxide and lime in 
approximately equal proportions by weight 
(Ingle, Jour. Comp. Path, and Therapeutics, 
[901 f March, also Jour. Agric. Science, 1908, 
3, 22). From this point of view, bran is 
particularly ill suited to aid bone development, 
since it contains an overwhelming preponderance 
of phosphoric acid over lime, being i%tho ratio 
bf 100 to 9 in the above analysis, while in some 
samples it is as high as IdO : 6-5. That bran 
bas an injurious action upon bofte nutrition 
wRen used in large quantiti^, is shown by the 
occurrence of a peculiar bone disease in horses 
known as ‘ bran rachitis ’ or ‘ millers’ horse 
rickets,* observed in animals fed largely on bran. 

The phosphoric acid in bran, however, does 
aot exist enwely as metallic phosphates. Ac- 
sording to Patten and Hart (Bull. 250, New 
York Agric. Expt. Station, 1904) about 68 p.o. 
of the total phosphorus is extracted by 0-2 p.o. 
hydrooklorio acid solution, and of this, nearly 
the whole exists as anhyRro-oxymethylene di- 
phosphOrio acid 

*(OH)jOPO-CHb-Q~CHb-OPO(OH), 
a substance first isolated by Postemak (Revue 
General de Botanique*, 1900, 12, 6 and 66 ; 
Dompt. rend. 1903, 137, 439). In bran, this 


acid exists in combination with magnesium, 
calcium, and potassium. ^ 

According to more reoent.views (Anderson, 

J. Biol. Chom. 1916, 20, m, 476, 4^3, and 
493 ; Robinson and MueUer, Biochera. Bull. 
1916, 4* 100 ; Clarke, Chem. Soc. Trans. 191§, 
360) the phosphorus in bran is mainly in com- 
bination with inositol, the triphosphate 
CjHjgOjjPg and the hoxaphospIiAte CjHif,Og 40 B 
being -the most important. Anderson (t.r.) 
finds that wheat bran contains about 0*1 p.c. 
of inorganic phosphorus, i.e. about 11 p.c. of 
the total soluble phosphorus. 

The free acid, when heated with mineral 
acids, or with the enzyme-p//?//a^p {?• '»’•)> is 
hydrolysed, yielding inositol and phosphoric 
acid 

Bran i.s largely used as a food,^Jor farm 
animals, but has a weakening eflect upon 
! digestion if used in largo quantities. U> is 
more suitable as a food for fattening than 
for working animals. “ Owing probably to its 
^peeJianical action on the bowelsi, it has a purga- 
tive effect. If used lar^7ly for milch cows, it 
tends to make the butter soft. Similarly, large 
quantities of bran given to fattening animus 
tend to lower the meiting-point of the body-fat. 
This is an advantage in the production of mutton 
or beef, but a disadvantage with bacon, ^ 

Bran is also largely used in tanning leather. 
(For a description oi the process and of the 
changes occurring in the fermentation of bran 
so employed, see Wood and WilcPx, J. Soc. 
Chem. Ind. 1893, 422, and 1897, 610.) H. I. 
j BRANDY. (Eau-de-vte, 1<Y. ; Branntwcin, 
Qer.) The term ‘brandy* is an abbreviation 
of ‘ bran(ly-wine * the original English form of 
the word, which occurs also in all the Teutonic 
languages of Northern Europe, and si^ifies 
burnt or distilled wine. The latter term (wine) 
in its widest sense includes the product obtained 
I by fermentation of all natural fruit juices or 
[extracts from grain, and not fermented grape 
juice only. Old English Acts of Parliament 
refer to ‘ brandy ’ and ‘ aqjja vitse ’ made. from 
malted com, whilst the German word bro^nni^ 
ivein is applied to strong -*potable spirits 
generally without implying that such spirit is 
necessarily derived Yrom wine. At the present 
time, however, the ‘ brandy ’ of commerce is 
almost universally understood to be a spirit 
derived exclusively from the grape. 

Besides alcohol and water, the principal 
constituents of brandy are acetic, butyric, 
cenanthic, and valerianic esters, acetic acid, a 
small quantity of a volatile oil, and a little 
fixed acid, tannin, and colouring matter. When 
new, brandy is colourless, but gradually acquires 
a yellowish- brovm colour by storage in oak casks. 
The required colour for particular brands is, 
however, usually obtained by the addition of a 
solution of caramel or burnt sugar. G^uine 
brandy of good quality has a sweet mellow 
ethereal flavour, without any suspicion of the 
‘ fiery * or ‘ earthy * taste common to inferior 
or fictitious brandies. 

The bouquet of brandy depends upoi^o) th^ - 
nature and quality of the wme from whioh it 
has been produced ; (6) the conditions 
whioh the wine has been fermefited; (c) the 
method of distillation employed ; and (4) the age 
of the brandy. The oWacteristio mYout of 
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brandy is said to be due chiefly to oenanthio | 
etjter (ethyl pelargonate), but it varies with the 
total amount an^ relative proportioftSfof other 
volatile^ constituents present. According to 
Ordonneau, the peculiar fraOTant o^our of 
brandy is duo to a very small quantity of a 
terpene which boils at 178®, and which, on 
oxidation, give^ the characteristic flavour to old 
brandy. , 

Over 90 p.o. of the brandy imported Into the 
United Kingdom comes from France, the finest 
grades beir^ Cognac and Armagnac, so named 
from the Frenclu towns in which they wore 
originally distilled. But little brandy is now 
distilled in Cognac itself, the greater part being 
produced on the brandy farms of the surrounding 
districts. Other brandies of less value commer- 
cially are those of the Midi and tho districts of 
Aude, Gard, Herault, and Pyrenees Occidontales, 
conftnonly known as the ‘ Trois-six de Mont- 
pellier.’ Marc brandies ^are distilled from the 
fermented ‘ marc ’ or refuse of the wine-press as 
well as from thevloos of tho wine-casks. * 

Whilst the term ^Cognac ’ has by custom 
come to be used almost as a generic term for 
‘ brandy,’ it is, strictly speaking, applicable only 
to spirits made from wine' grown in the Cognac 
region, which tomprises a certain part of the 
two departments of Charento and Charento 
Inferieuro, also Dordogne and Les Deiix-Scvres. 
A strict delimitation of the Cognac area has 
been made by the French Government by 
decree datdd 1st May, 1909, and tho region is 
locally subdivided into the Grande or Fine 
Champagne, the Petite Champagne, the Bordenea 
and the Bois, according to the quality of the 
wine produced. 

The soil of tho district is mainly calcareous, 
and the grape is a small white berry with very 
acid juice, producing a wine of inferior quality 
for drinking purp(?30s. (For the extraction and 
fermentation of tho grape juice, see Winb.) 

As the reputation of the brandies of the 
Cognac and Armagnac districts depends so much 
upon their bouquet, they are submitted to slight 
rectification only, and distillation is therefore 
usually conducted in a simple ‘ pot ’ still by the 
professional distiller as wejji as by the farmer. 
The still, which varies in content from about 
160 to 200 gallons, is usually enclosed in brick- 
wofk, with only a small bulbous head exposed, 
and is generally heated by means of a furnace, 
wood being considered tho best fuel. In a few 
distilleries tho stills are heated by steam. Occa- 
sionally, a subsidiarjr vessel, filled with wine and 
called a ‘ chauffe-vin,’ is attached to the still, 
and through it the pipe conveying the spirit 
vapour to the refrigerator passes, heating the 
wine so that the latter is quioWy rais^ to 
boiKng-point when subsequently passed into the 
still, j^hereby effecting a saving of fuel. Two 
d^tiuatiqns are made, termed ‘ brouillis ’ and 
* bonne-chaufife,’ corresponding respectively with 
the ‘ low wines ’ and ’ spirits ’ of tho whiskey 
distiller. 

some distilleries the finished spirit is 
^perodu^d at one continuous distillation by means 
M 4 Utill described as ' k premier jet.’ In this 
still, ^ vessel is attached to and above 
tiie head of the still, and through it the spirit of 
bhe first distillation is conveyed This spirit is 
Main vapourised by the heat of the spirit vapour 


risii% from the still itself on its way to the 
refrigerator. The spirit produced in this way 
is not considered so fine as that obtained by the 
pof ftill, but it is of higher strength and more 
suitable for the manufacture of liqueurs. 

The quality of the spirit depends greatly on 
the care with which the distillation process is 
carried out. The stills should be worked slowly 
and regularly, the normal time for the complete 
distillation of a charge being about ten hours. 

The quantity of wine used in the process of 
manufacture is relatively very great, the amount 
of brandy produced from a given measure being 
only from 10 to 15 p.o. The surongth of tho 
wine varies from 4-6 to 9 p.o. by weight of pure 
alcohol, or approximately from 10 to 20 p.c. of 
proof spirit, tho average being 6’5 p.c. of alcohol, 
or 14 p.c. of proof spirit. The finished spirit as 
run from the still contains about 64 p.o by weight 
of alcohol, equivalent to a strength of about 
25 over-proof. The brandy, as received from 
tho farmers, is blended and diluted in vats, 
swoejened with dane sugar, slightly coloured 
with caramel, and filtered (if necessary) into 
storage vats m which it is matured. 

The French Government has by various laws 
and decrees of the years 1905 to 1909 prohibited 
the description ‘ Cognac ’ to be applied to any 
mixture of Cognac or other wine spirit, with grain 
or beet spirit, and has further provided that 
labels, marks, &c,, bearing the word ‘ Cognac 
should signify that the spirit in question is 
solely the product of the Cognac region {vide 
supra). 

The simple pot stills and the modified stills 
known as ‘ k premier jot,’ above referred to, as 
being used in the Charente districts, are not 
suitable fqjj wines having » strong earthy flavour 
(‘terroir’) or other undesirable qualities. In 
such cases, a§ in the brandies of the Midi, the 
Rochofle district, and the marc brandies of 
Burgundy, stills of a more complicated nature 
are employed, owing to the necessity for a greater 
degree of recti licalhon. In these the distillation 
is continuous, and in the Rochelle district and 
the islands of the N.W. coast, a pot still with 
a rectifying head, j^novra as the ‘ Aiombio des 
lies,’ is employed, whilst in the south the 
distilling column consists of a series of compart- 
ments separated by plates or ‘ plateaux,’ con- 
nected with taps by means of which it is possible 
to take off the spirit at a higher or lower strength 
as desired. These stills are generally heated by 
direct fire. ^ * 

Immense quantities of wine are produoe4„m 
the Midi for conversion into brandy, the grapes 
of this region being unsuitable for making good 
wine. This is attributed to the effects or the 
Phylloxera^ which devastated the whole of the 
Charente district in the years 1876-1878. Before 
this time, most of the brandy exported to the 
United Bhngdom was genuine Cognac, but the 
destruction of the Charente vineyards stimulated 
the production of brandy in other parts of France 
as veil as in other countries. The vineyards of 
the Cognac district were replanted with American 
stocks, on which Charejaie vines were mfted, 
and the result has been highly suocessfuJ ; hut 
in the south of France the vineyards ravaged hv 
the phylloxera were replanted with vines which 
were not appropriate to the soil. Mid which 
yielded wine in great quantity but at the sacrifice 
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of good quality. Ifence the use of the rectifying 
stills in tne Midi and the large quantity of brandy 
produced. Most of this is consumed in Ftance. 
The spirit derived from diseased or unsound jv'ipes 
is highly rectified and used for industrial pur- 
poses. The cheapness of wine, therefore, affords 
little or no inducemeait to the distillers of the 
Midi to use beet or grain as the raw material for 
the production of their brandies. 

The relative values of the spirits above 
mentioned may be gathered from the average 
^ prices per proof gsdlon in 1909, which just 
before the war (1914) were from 7s. 6d. for 
brandy of tlio best Cognac district (Champagne) 
to 35. for Bois brandy, the cheapest in the 
Cognac district, whilst Midi brandy was 25 ,, 
and grain and beet spirit about Is. 3f/. (f. o b.) 
per proof gallon. 

Marc brandies or eaux-de-vie de wtrtc are, 
as the name implies, derived from the marc or 
refuse of the grapes after the juice has been 
extracted. They have a strong earthy flavour, 
and usually are very rich in eccondary products. 
They are therefore often added to other wine 
spirits to impart the brandy character, or 
admixed with neutral spirit from grain, beet, 
&c,, in the preparation of fictitious brandies. 

Algerian brandy is of high quality, resembling 
Cognac, and is generally sent to France, whence 
considerable quantities are reshipped from the 
Charente district to the United IGngdora. 

Brandies are produced in most other wine- 
growing countries, especially when, owing to 
over-production of wine, or some defect in its 
quality, it becomes more profitable to convert it 
into spirit than to dispose of it as ‘ wine.’ The 
most important commercially are from Spain, 
Egypt, (Germany, Scgith Africa, and Australia, 
but the quantities of those exnorted to the 
United Kingdom are small as cTimpared with 
French brandies. 

The ^anish brandies are similar in character 
to the French, and command a high price. 
Genuine Egyptian brandy is made from fresh 
grapes, although the wine grape is not cultivated 
in Egypt. The grapes are imported into 
Alexandria from Southern Turkey, Greece, 
Cyprus, and Asia Minor, a’hd there made into 
wine from which the brandy is distilled. They 
have a strong characteristic flavour, much 
appreciated by consumers of the cheaper brandies. 
Spurious brandies of doubtful origin, but 
described os ‘ Egyptian,’ are also on the market. 
They are probably made fi%m the currant grape 
grown in Greece and Asia Minor, and have no 
rijit to the title of ‘ Egyptian,’ beyond the fact 
that they are exported vid Alexandria. Increas- 
ing quantities of brandy of fair quality are being 
produced in South Africa and Australia. The 
so-called ‘dop’ brandy of South Africa is 
produced in the same way as the French ‘ marc ’ 
brandies, and has similar characteristics. 

The natural improvement observpd in 
genuine brandies by ‘ agoing ’ is always accom- 
panied by a rise in the quantity of the secondary 
constituents due to the f<Jtmation of oxidation 
products (aldehydes a«d acids) and esters, as 
well as to concentration due to loss of alcohol 
and water. The higher alcohols also tend to 
iaorease, and furfural to diminish, with age. 
According to Duplais, tlft mellowneswdue to age 
my be imparted to new brandy, making it nt 


• 

for immediate use, by adding the following to 
every 100 litres ; old rum, 2*0 litres ; old kirseii, 
1*75 litres*; syrup of raisinsa 2*0 litres; and 
infusion of walnut hulls, 0*76 litre. Low wines 
which Imve boon kept for some months in casks 
containpg clear rain-water preserved by tl^ 
addition of 10 or 12 p.c. of strong brandy (85°) 
are also used for a similar purposg. 

Whilst there is a legitimate use pi colouring 
which 'has become practically an essentitd 
character of the brandy of commerce, the colour 
acquired by old brandies, owing to long storage 
in casks, is often simulated in order to give to 
new brandies a fictitious appearance of age by 
moans of a tincture of oak extract obtained 
from chips, shavings, or sawdust of the white 
oak used at Cognac for making brandy 
casks. « 

Brandy was formerly described in the 
British Pharmaoopceia, as ‘Spiritus Vini GaHici,’ 
thus implying the French origin of the spirit, 
and was defined as ‘ a ’spirituous liquid distilled 
from wine and matured by agef and containing 
not less than 3(5^ p.c. iy weight, or 43J p.c. 
by volume of ethyl hydroxide ’ (approximately 
76 p.c. of proof spirit). 

This definition, hewever, takes no cognisance 
of the nature, quantity, or relative proportions 
of the secondary products to which the peculiar 
medicinal properties of brandy are attributed, 
and in view of the variations in these con- 
stituents even in the brandies of commerce 
known to be genuine, and the difficulty of 
arriving at any satisfactory standard, the 
British Medical Association eliminated ‘ brandy ’ 
in the last edition of the British Pharmacopoeia 
published in 1914. 

The following standards of purity are pre- 
scribed by the United States Pharma6bpoeia. 
Brandy should be at least 4 years old ; its 
alcoholic content from 39 tO|47 p.c. by weight 
(81-96 p.c. British proof spirit) ; specific gravity 
not exceeding 0*94 1 nor less than 0*925 ; the 
residue should not, on the volatilisation of the 
last traces of alcohol, evolve a marked disagree- 
able odour of fusel oil, and should not exceed 
1*5 p.c. ; also the residue froiif 100 c.c. should 
dissolve readily in 10 c.c. of cold water, and 
should bo free from* more than traces of tannin 
(t.e. should not give more than a pale-green 
colouration on the addition of a dilute solution 
of ferric chloride) ; and the acidity should 
require not more than 1 c.c. of decin'ormal alkali 
for neutralisation using phenolphthalein as an 
indicator. 

Under the Sale of Food and Drugs Act, no 
standard for brandy is fixed beyond the limita- 
tion of strength (in common with whiskey and 
rum) to a minimum of 25 p.c. under proof, oelow 
which it may not legallv be sold without the 
fact of dilution being declared. This is now 
(during the war) superseded by special l^isla- 
tion, which permits of spirits being reduced to a 
minimum strength of 60 p.c. under proof and 
30 p.o. under proof as a maximum strength at 
which they may be sold as a beverage. The 
strength of brandy as imported into the*Unite<i 
Kingdom varies considerably, but the aye jc^ 
is about 6° below proof, or 46*6 p.o. of ^SooHol 
by weight. 

Orm)nneau (Compt. rend. 102, 217) subjected 
100 litres of 26-year-old brandy to fractional 
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distillation, and obtained the following substance 
entimated in grams per hectolitre 

Aldehyde . ^ 3*0 

Normal propyl alcohol . . . 40 0 

Normal butyl alcohol . . . ‘X18-0 

‘ Amyl alcohol . . . ^3*8 

Hexyl alcohol . . . .0-6 

Heptyl alcohol . . . .1*5 

Acetic ester . . , . ;^5-0 

Propionic, butjrrio, and caproio esters 3-0 
(Enanthic ester (about) . . 4*0 

Acetal and' amines . . . traces 

Morin (Compt. rend. 105, 1019) distilled 92 
litres of pure cognac in Claudin and Morin’s 
apparatus. The first portion of the distillate 
contained the more volatile bodies ; the second 
consisted 'of tolerably pure ethyl alcohol ; the 
thirdj the higher-boiling alcohols, &c. The 
residfue, chiefly water, was tested for free acids, 
wobutylglycol and glycerojl. 

The first three portions were then fraction- 
ated, 6 litres of light alcohol, 55 litres of pure 
ethyl alcohol, and 3-1? litres of higher- boiling 
compounds being obtained. The latter fraction 
smelt strongly of fusel oil, and "possessed a 
burning taste. The water femaining behind was 
added to that a/ready obtained. The fractions 
were then redistilled in Le Bel and Henninger’s 
apparatus. The fusel oil portion, which after 
dehydration by potassium carbonate weighed 
352 grams, gave : 


Water 

grams 
. 7 

Ethyl alcohol 

. 130 

Normal propyl alcohol 

. 25 

/wbutyl alcohol 

. 6 

Amyl alcohol 

. 176 

Ffiffural . 

. 2 

Wine oils . 

. 7 

The water contained a little acetic and butjrrio 


acids, and a small quantity of a viscous liquid 
which distilled undecomposed under diminished 
pressure, and appeared to consist of wobutyl 
alcohol and glycerol. The residue contained 
tannin, togethor^,with substances extracted from 
the wood. 

In the following table 1 shows the com- 
pounds contained in 100 litres of the cognac ; 
^8 shows the same obtained by the fermentation 
of 100 kilos, of sugar 

1 2 


Aldoliyde 

grams 

trace 

grams 

trace 

Ethyl alcohol 

50,83700 

50,616*0 

Norm, propyl alcohol 
/sobntyl alcohol . 

27*17 

20 

6*62 

1*5 

Amyl alcohol 

190*21 

51*0 

Fuiiural bases 

2*19 

— 

Wine oil 

7*61 

2*0 

Aoetio aoid . 

trace 

— 

Butyric aoid 

trace 

__ 

/sobntyl glycol 

2*19 

~ 

Glycerol 

4'3S 

— 


Butyl alcohol was absent ; furfural was 
detected directly by the addition of aniline to 
the cc}|nao, a red colouration being produced 
^ th^inresenoe of acetic acid. It will be observed 
ftaTftobtityl Alcohol is present only in small 
quantity, \^st in Ordonneau’s results, it is 
absent aitoffether. 

The anedytical data usually relied upon for 


discriminating between genuine brandies and 
those blended with neutral spirit are (a) volatile 
acids f (6) aldehydes ; (c) esters ; (a) higher 
alcfhols; and (e) furfurah The results are 
calculated in parts per 100,000 of absolute 
alcohol, e.g. in millipams per 100 o.o., or grams 
per hectolitre. The total amount of the 
secondary products expressed in this manner 
is termed the * ‘ coefficient of impurities,’ or 
preferably the ‘coefficient non-aloohoL* The 
standard coefficient suggested by Girard and ^ 
Cuniasse for genuine brandy is 300, of which not 
leis than 80 should be esters. In calculating the 
proportion of neutral spirit in a mixture, aflow- 
ance should be made for the small amount of 
secondary products present in neutral spirit. 
The average coefficient for industrial alcohol, as 
shouTi by the analyses of Girard and Cuniasse, 
17 and the esters 8. 

(For a detailed description of the methods of 
analysis employed, see Thorpe, Minutes'^ of 
Evidence taken by the Royal Commission on 
Whiskey and othef Potable Spirits, ii. Appen- 
dix Q, xii. 1909.) 

The causes which affect the characteristic ' 
bouquet of the wine naturally influence the 
proportion as well as the character of the 
volatile matters included in the ‘ coefficient ’ of 
the brandy. Thus the proportion of acids and 
esters is considerably augmented if the wine 
becomes sour, and, speaking generally, the 
aldehydes are higher in white than in red wines. 
Also in regard to distillation, the aldehyde and 
more volatile esters are found mainly in the 
first runnings (‘produits de t6te*), whilst the 
higher alcohols and furfural occur in largest 
quantity in the tailings (‘ produits do queue ’). 

In ihe brandies of Chc^ente and Armagnac 
the coefficient is usually rather high, but 
ordinarily, in cognacs and fine champagne^ it 
ranges between 275 and 450, although occasion- 
ally it falls considerably beyond these limits. 
Brandies obtained from wines of the Midi and 
from Algeria' shaw much wider variations, 
ranging from 26 (indicating Btnmg reciafioation) 
to 500. Marc brandies have almost invariably 
a very high coefficient, ranging from 600 to nearly 
1500, and in these, ^dehydes often form a. large 
proportion. 

Attempts have been made to fix minimum 
and maximum values for the coefficient, but 
without Auch success, the former with a view 
to the detection of the admixture of neutral 
spirit, and ^he lattet to restrict the amouut of 
secondary products for hygienic reasons. 
effect of such limits would be to condemn many 
brandies that are undoubtedly genuine and even 
of high oommeroial value. 

iVom the hygienic point of view, the esijws, 
furfural, and especially the aldehydes, have a 
much more deleterious action on the human 
system than the higher alcohols, whilst the 
acids, ^particularly acetic, which frequently forms 
a large proportion of the coefficient, cannot be 
said' to have any detrimental inffuenoe. 

The French Qoveroment, in 1904, instituted 
an inquiry by ’the Teehnioal Comxnitteo 
CEnology into the possibility of fixing standasris 
for the total amount of secondary produoti 
(* coefficient non-aloohol *) of genuine bmnd^,. 
but the oonolusion arriM at was that iMmd 
minimum nor a maximum Hmxt could Be xecqm- 
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mended owing to the extremely variable character 
of brandy, not only with respect to the oo- 
efScient as a whole, but also in regard <^|the 
proportionB of the volatile constituents relatively 
to each other. Chemical analysis should not 
be relied upon alone, hut should bo supplemented 
and its results confirmed by expert tasting 
{‘ degustation 

British brandy is usuallv made from grain 
spirit distilled with certain flavouring materials, 
or by adding flavouring ingredients to the spirits. 
It is frequently mixed with foreign brandy, and 
is largely used for cooking purposes. 

Amongst the flavouring ingredients used in 
the manuiactiirc of artificial brandies (including 
British brandy) may be mentioned the following : 
oenanthic eater, tincture of catechu, balsam of 
tolu, acetic ester, argol, cognac oil, essence of 
cognac, infusions of bitter almond shells, tea, 
ahd walnut hulls, liquorice root, prune juice, 
rum, S3nrup of raisins, vanilla, &c. So-called 
‘ cognac essences ’ contain* mixtures o1^ the 
aromatic compounds just mentioned, whilst. 

‘ cognac oil ’ is made by the distillation of a 
mixture of alcohol, coco nut oil, and sulphuric 
acid, ccnanthic ester being one of ttio products. * 

Cider brandy is manufactured in the United 
States and Canada from cider and perry. 

Danzig brandy is made from rye ground with 
the root of Calamus aromaiicus. 

Guernsey brandy is the spirit of beet root 
flavoured to imitate true brandy. 

Hamburg brandy is said to consist of potato 
or beet-root spirit as a basis, flavoured with 
essences or by the addition of inferior brantly, 
and coloured to represent genuine brandy. 
Similar imitation brandies appear to be made in 
the north of Urance, in Belgium, and in other 
foreign countries. (Girard and cuniasse, Man. 
pratique do I’Analyse des Alcools et des Spi- 
ritueux ; Schidrowitz, Analyst, June, 1905, and 
June, 1906; Thorpe, Nature, 3 Nov. 1904; 
and Report of Royal ComnriSsion on Whiskey 
and other Potable Spirits, 1908-9.) J. C. 

BRASS V. Ziso. I 

BRASSIC ACID v. Bbassidio acid. 

BRASSIDIC ACID (BraS^tc ac/d) 

, H „-co,n 

13 isomeric with eruoio acid (g'.v.), froifl which it 
may be obtained by the action of nitrous acid 
(Haussknecht, Annalen, ll3, 54 ; Reimer and 
Wiid, Bor. 1886, 3321 ; Websky, Jahrb. Chem. 
1863, 444; Iltz, Ber. 1871, ^4) ; by treatment 
with hydrogen bromide in acelic acid solution, 
monobrombehenio acid CggH^jOaBr, being also 
formed (Ponzio, Gazz. chim. ital. 36, ii. 394) ; and 
by heating with concentrated sulphurous acid 
at 200® (M. K. and A. Saytzew, J. Buss. Phys. 
Oiem. Soo. 24, 482 ; J. pr. Chem. 50, [2] 78). 
It may also be obtained by heating belienolio 
acid with zinc and acetic acid, and a few diops 
of hydrochloric acid (Holt. Bw. 1982, 962)#and 
by the reduction of mdiobrombrassidio acid,| 
^io|i is obtained by tutting behenolio acid with 
faydbogen bromide (Hasse and Stutzer, Ber. 
iSoS, 8601). Brassidic acid crystallises from 
Kbohol in plates, m.p. 66®-66* (Saytzew, I.C.), 
4).i».4182* (30 mm.). 2€ii^l6 mm.), 26«® (10 mm.), 
Iw* (0 mm.), (Kiafft hnd W^ndt, Ber. 1896, 
laid); 0*8585 ai67*l®/4®; is les# soluble 


than eruoic acid in alcohol and ether. (FSr 
relation^if) to erucio acid and ogimparison of their 
behaviour towards various reagenm, v. Albitzky, 
J. Ru 8| Phys. Chem. Soc. 31, 76 ; 34, 788 ; 
J. pr. (Jhem. 61, [2-3] 66 ; Masoarelli, Atti. B. 
Accad. Lincei, 1917, [v.] 26, i. 71). By fusing 
brassic acid with potash, arachidir^ acid 
is obtained (Goldschmidt, Jahrb. Ghem. 1877, 
728) ; 'oxidation with potassium permanganate 
yields a dihydroxy behenic acid (Jukovaky, J. 
Russ. Phys. Chem.' Soc. 24, 499 ; Albitzky, l.c.). 
Treatment with hydriodic acid in glacial acetic 
acid yields iodobehenic acid (Bayer and Co,, 
1). R.'P. 180087 ; Chem. Soc. Abst.' 1907, i. 380). 

BRASSIL. A local name for iron pyrites. 

BRASSYLIC ACID Obtained, 

together with other products, by «cting on 
behenolic acid C22H40O2, with fuming nitric acid 
(Haussknecht, Annalen, 143, 45; GrossnRinn, 
Ber. 1 893, 044 ). May be prepared by the action of 
nitric acid on eruoic acid (Fileti and Ponzio, Gazz. 
chim. ital. 23. ii. 393), and frafn i«-undecenoic 
acid (Krafft and Seldis, Jicr, 1900, 3671). Flat 
needles; m.p. 113°-li4°; readily soluble in 
alcohol and etiier, sparingly soluble in water. 

BRAUNITE. A hianganes© mineral classed 
with the oxides, but containing an appreciable 
amount of silica (8-10 p.c.), the formulrf being 
3Mn20s*MnSi03 or 4Mnj03-MnSi08. The man- 
ganese is usually isomorphously replaced by small 
amounts of iron, calcium, barium, &c. It is 
generally found in compact masses, but sometimes 
as tetragonal pyramids, the angles of which are 
very near to those of the regular octahedron. 
The crystals possess a perfect pyramidal cleavage. 
The colour is black with a sub-metallic to metafiio 
lustre. Sp.gr. 4-8 ; H. 6-6J. The mineral is 
found in the manganese-mines in Sweden®^ and, 
with the exception of psilomelane, it is the most 
abundant of the manganesoiores in India (t?. 
L. L. Fermor, Mem. Geol. Survey, India, 1909, 
xxvii). L. J. 8. 

BRAZILITE. A synonjim of baddeleyite 
iq.v,). The same name has also been applied 
to an oil-bearing rock from Bahia, Brazil, 

' L. J. S. 

BRAZIL NUTS the fruits of BerthoUeiia 
excelsa (Humb, and Bonp.), They yield 73 p.o. 
of a fatty oil of pale yellow colour, of a taste 
similar to that of the nuts themselves. In 
South America an edible oil is expressed from 
the fresh nuts, but the oil known iii Europe is 
derived from mouldy nuts, and is only fit for 
the manufacture of soap. The oil deposits a 
large amount of ‘ stearine ’ on standing. Tt is a 
‘ semi-drying ’ oil ; iodine value about 106 ; 
m.p. of fatty acids 28'’-30° (De Negri and 
FaDris). J. L. 

BRAZILETTO. An inferior kind of BrazO* 
wood obtained from Ccesalpinia bratil^ntiif 
(Linn.), growing in the West Indies. 

BRAZILWOOD. Under the name of Brazil*' 
wood certain varieties of the so-called ‘ Bolnbla * 
red woods are known, the term ‘ soluble ’ baln| 
employed to distinguish them from the 
stuffs of the barwood class, which onlj' 
diffiouity yield their colouring matters to Doiftig 
water. These soluble r^ woo^ give^l® 
alumipium mordanted fabrics, a bi^ht-rod s]|a4% 
which in each case is derived from one and 
same colouring matter, and all are botttokilf 
allied, in that they consist of the wood of varidi^ 

2 n . 
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oipeciee of Coesalpinia. About nine varieties 
have been employed as dyestuffs, cxf p^hioh the 
following are the best known ; — 

Fernamhuco or Pernambuco wood is considered 

be the richest in colouring matter, ^d is the 
product of the Casalpinm crista^ a tree which is 
abundant in Jamaica and Brazil. 

The trpe' Brazilwood is derived from the 
CcBsalpinia braziliensis, and is said t(#' contain 
only one-half the colouring mattar which is 
present in the Fernamhuco variety. It is 
obtained exclusively from Brazil. 

Sappanwood is obtained from the Cccsalpinta 
sappan, a tree which is common to the warmer 
regions of Asia. The so-called Limawood is a 
variety of sappan, and the dye wood imported 
from thCiPhilippine Islands is an inferior quality 
of this product. 

^Peachwood is the product of the Cmmlpinia 
echinata, which occurs in Central America and 
the northern parts of S^uth America. 

These wooi’is, which are very hard, and of a 
deep-red colour, coire into the market in the 
form of billets varying m weight from a few 
pounds up to a hundredweight. If .freshly cut, 
the internal colour of the wood is seen to bor 
light-yellow, but this soon changes to deep-red 
in coiitact with air. 

Some varieties of these woods were employed 
for dyeing purposes in India long before the 
discovery of America, and it is stated that when 
South AmVirica was discovered by the Spaniards, 
in 1600, the northerly portion of the country 
was named Brazil (from hraza, fiery red), because 
this red dyewood was found there in such im- 
mense quantities. 

Owing to the fugitive character of the 
coloths yielded by Brazilwood, it is now only 
employed to a somewhat limited extent. 

Brazilin the colouring principle of 

Brazilwood, was first isolated in a crystalline 
condition by Chovreul (Ann. Chim. Phys. [1] 
66, 225) ; but was not further examined until 
1864, when Bolley (Schweiz, poly. Zeitsch. ix. 
267) assigned to it the formula CjjHjoO, 
Subsequently Kopp (Ber. 6, 446) proposed the 
formula C2jHi807, but it \vas left to Liebermann 
and Burg (Ber. 9, 1883) to determine the exact 
composition of this substance, and their formula, 
is in use at the present time. To 
prepare Wzilin from the wood itself, it is best 
to employ the commercial extract. This is 
stirred up with a considerable quantity of sand, 
the product extracted with cold ether, the 
ethereal liquid evaporated to a small bulk, 
treated with a little water, and allowed to stand 
for some days. Crystals slowly separate, and 
these are purified by crystallisation from a little 
Water. 

This method is, however, tedious, and the 
* usual source of brazilin consists of the crude 
crystalline crusts of this substance which are 
frequently deposited from Brazilwood liquor, 
an intermediate product in the manufacture of 
Brazil-wood extract. The crude substance is best 
puri^ by two or three crystallisations from 
wa^ to which a little sulphurous acid has been 
a<l«ea (GiJb^y, W. H. Perkin, and Yates, Chem. 
Soc. Trans. Iwl, 79, 1390). Brazilin crystallises 
in two forms, either as colourless needles oontain- 
ing or as colourless prisms with 1H|0. 

^t.'ds rti^y soluble fn alcohol and water, and 


dissolves in a dilute solution of sodium car- 
bonp,te with a beautiful oarmine-red colour. 

* Tetraacetylbrazilin C,8Hio06{C2H30)4, colour- 
leM needles, m.p. 149°-161° (Liebermapn and 
Burg) ; triacetylbrazilin C,8Hn03(02H30)3, 
needles, m.p. 106°-106° (Buebka and Erck, Ber. 
18, 1139) ; hromhrazilin brown-red 

leaflets (B. and E.) ; dibrornbrazilin CigHjsBrgOs, 
leaflets (Schall and Dralle, Bor. 23, 1650) ,* ietra- 
acctyJijTomhrazih'n CieH3r206(C2H30)4, needles, 
m.p. 203°-204‘’ (Buchka, Annalen, 17, 686) ; 
tetr aacetyld ibro mlrr azilin C j gB r20 6( C 2H gO ) 4 , 

m.p. 186“ (S. and D.) ; tribrombrazihn 

D.) ; dichhrhr azilin 
(1^- teirabrombr azilin 

Ci„H,(jBr40g, fine red needles (B. and E.) have 
been prepared. 

When brazilin is methylated with methyl 
iodide in the usual manner, it gives brazilin 
Iriniethyl ether (S. and I),, Ber. 20, 3365 ; Herzig, 
Monatsh. 14, 56 ; and Scball, Ber. 27, 625) 
CieHiiOafOOHg);, prisms, m.p. 138®- 139°, which 
on acetylation yields ac-ctylhr azilin irimeihyl 
ether CijH7(,02(OOH3)3(C2HgO), m.p. 171"-173° 
(Herzig, Monatsh. 15, 140; Schall, Bor. 27,236). 

According to Gilbody, W. II. Perkin, and, 
Yates fChcm. .Soc. Trans. 79, 1403), large 
quantities of the tnmothyl ether are conveniently 
prepared as follows : 143 grams of brazilin 

dissolved in the smallest possible quantity of 
methyl alcohol arc treated with 36 grams of 
sodium in methyl alcohol and methyl iodide 
(250 grams), and the mixture is heated 60 hours 
to 60®-65® in absence of aij. A second method 
I employed also by v. Kostaneckf and Lampe 
(Ber. 35, 1609) consists in methylating brazilin 
with excess of dimethyl splphate and alkali. 

The uilficulty experienced in fully methylat- 
ing brazilin ss evidence of the presence of an 
alcoholic group ; but the iettameihyl ether 
Ci 4 H,o()(OCH 3)4, m.p. 137®-139°, has been pre- 
pared by Scball by treating the sodium com- 
pound of the tijraethyl derivative suspended 
in benzene with methyl iodide at 120° (ooranare 
also Herzig, l.c,). From this substance the follow- 
ing derivatives have been prepared . — 

Brornhr azilin ktrarmthyl ether CijHjBrO* 
(OCHj),, prisms, m.p. 180°-181° (S. and D., Ber. 
21, 3014) ; and dibrombrazilin tetramethyl ether 
C,eHgBr20-(0CH3)4, m.p. 216° (S. and D. Ber. 
23, 1433). 

When brazilin is submitted to dry distillation, 
it gives resorcin (Kopp, i.c.), and by fusing it 
with potafeium hydroxide, Liebermann and Bure 
obtained resorcin* and Herzig (Monatsh. 27/i39) 
also protocatechuic acid. With nitric acid brazilin 
yields irinitroresorcinol (Reim, Ber. 4, 334). 

When brazilin, the colouring principle, is 
oxidised under suitable conditions, it is converted 
I into hrazilein, the true colouring matter 

, , C, H,403-i-0=0„Hi.<53+H30 
and for this puipose the action of air op an 
alkalfhe - brazilin solution, alcoholic iodine 
(L^bermann and Burg], potassium nitrite, and 
acetic acid (Schall ||pa Dralle), nitric acid in 
the presence of ethw (Buchka and Erok), and 
sodium iodate (Mayer, Zentr. 1904, i.^ 228) 
have been employed. It can, however, be nWre 
economically prepared from Brazilwood extract 
in the followmg manxer (Hummel and A. 0. 
Perkin, Chem. 800 . Trans. 1882, 41, 367) • 

To an aqueous ioltt^on of the extract of tb® 
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wo(^ an excess ot anynonia is added, and air is 
aspirated through the liquid. A precipitate of 
the impure ammonium salt of brazilien gradually 
separates, and this is collected, dissolwi in 
hot water, and treated with dilute acetic acid 
(sp.gr. 1*04). A brown viscous precipitate of 
the crude colouring ’matter is thus obtained, 
which is extracted with hot dilute acetic acid, 
and the extract evaporated on the water- bath. 
Crystals of brazilein separate, which are collected 
and washed with acetic acid. 

Brazilein consists of minute plates possessing 
a strong metallic lustre, and by transmitted 
light a reddish-brown colour. It is very spar- 
ingly soluble in all the usual solvents, and 
cannot be recrystallised in the ordinary manner. 
It is in reality the colouring matter of Brazil- 
wood, and possesses strong tinctorial property. 
Alkaline solutions dissolve it with a deep-red 
colouration, which on standing in air passes 
gradually to brown. A study of this oxidation 
was carried out by Schall and Dralle, with 
interesting results. 2 ‘7 grams of brazili’i dis 
solved in 160 c.c. of watiT was treated with 10 
c.c. of sodium hydroxide solution (sp.gr. I'.*!?), 
and air aspirated through the liquid for 30 hours. 
Ether extracted from the acidified solution 
^■resorcylic octd, and a substance CoHj04, 
crystallising in brownish-yellow noodles, m.p. 
271®, which gave a dwee/y/ compound, m.p. 148®- 
149®, and a 'dimethyl ether, m.p. 109®- 170®. 
When the latter was oxidised in acetic acid solu- 
tion, with potassium permanganate ^-resorcyhc 
acid monomethyl ether was produced : 


Schall and Dralle considered ^hat this com- 
pound was probably a pbeno-7-pyrono derivative, 
and Feuerstein and Kostanecki (Ber. 32, 1024) 
proved that this was in reality the case, and 
assigned to it the following constitution : — 

*ch 


Thus the dimethyl ether, when hydrolysed 
with alcoholic potash, gave fisetol dimethyl ether 

ch,o/No^ 

l^^CO'CS,-OCH,^ 

iHiubstanoe which had alrijady boon obtained' 
in a similar manner by Herzig from fisetin tetra- 
methyl ether {see Young Fustic), 

Our chief knowledge of the constitution of 
brazilin is due to the elaborate investigations of 
W. H. Perkin and his pupils, who obtained most 
important results by the oxidation of brazilin 
trimethyl ether with potassium permanganate, 
and also with chromic acid. , • 

Gilbody, Perki’^L and Yates (Chem. Soo. 
Trans. 1901, 79, 1466) f^d that when bftizilin 
trimethyl ether is oxidise with permanganate, it 
gives, in addition to* oxalic, acetic, and formic 
aoids, the following compounds 
1, acid 

CH.Oi^’NcOOH • 

caa.ol^'cooH. 


The isolation of this substance was important, 
since it showed that brazilin oontains a catecbAl 
nucleus emTl two orthohydroxyls, and as a result 
of those latter no douot in part its tmotorial 
properties are due. 

1 2]Carhoxy-5-meihoxyphenoxyaceiic acid • 

, • • . 

On fusion^ with alkali, this compound yields 
resorcinol, and on heating with water to 200* 
is converted into met hoxyjjhenoxy acetic acid 

CHsO/No-CHjCOOH 

V 

This can bo synthesised by the interaction of 
ethylbromacetate and the sodium jsompound 
of resorcinol monomethyl ether and subsequent 
hydrolysis. # 

3. Brazdic acid 



'^err, 

Jc(OH)-(?B,-COOn 

co^ ^ 


when fu.sed with alkali, gives resorcin, and on 
warming with sulphyric acid is converted into 
anhydrohrazilic acid 

/\/oy ’ 

CHjOf Y /' CH 

Boiling baryta water hydrolyses anhydrobrazilio 
acid, with production of formic acid and 
Q-hydroxyA-methoxyhenzoylpropionic acid 


CHsOr ^r~OE 

l^^j^CO-CHs-CHg-COOg 

On methylation this is converted into the 
dimethyl ether, and the latter can bo produced 
by the interaction of dime^yl resorcinol and 
the half-chloride of succinic acid monoetbyl 
ester, and subsequent hy<jrolysis. It is also 
formed when resorcinol dimethyl ether and 
succinic acid arc treated with aluminium chloride 
without employing a solvent. • 

Finally, when ^ the methyl ester of this 
hydroxymethoxybenzoylpropionic acid is dis- 
solved in ethyl formate and treated with sodium, 
the methyl ester of anhydrohrazilic acid is pro- 
duced. This interesting synthesis may be repre- 
sented as follows : — 


V-OH 

^—CO-C^Tg-CH, •GOOCH, 

CH,o/\-OH CH’OH 


!-CO-C-CH,'COOCH, 


Dimcthoxycarhoxyhenzylformic acid (1), and 
dimethoxycahoxybemoytformicacid{2),m ^ < 


(1) COOEf \-OCB 

CX)0H-CHI i-OCH, 


, (2 ) cooh/'^oh,. 
, COO^OOMS^CHi 


represent intermediate stages in the formation 
of fn-hemipinio add from brazilin triinetby] 
other, whereas the add * • 
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' CHj0/\-O-CH,-C!H(0H)C00H 

Moooh ' , 

also isolated, ia, <io doubt, that prodnqt of the 
q^xidation wdiich is anterior to the forimttion of 
carboxymothoxyphenoxyaoetio acid (see above). 

The earlier work suggested the following 
probable constitution for brazilin : — 

Oh/\-0 CH 

[ )-Cn(OH)-[:H-CII,-r JoH 

but this, as a result of the investigation of 
brazilinic acid, a very important substance, 
also produced by the oxidation of brazilin 
trimethyl ether, was subsequently discarded. 

Braziilnk add. The constitution of this acid 
has been conclusively demonstrated by its syntlie- 
sis, Cir'hich has been effected by the intcraciion of 
w-hemipinic anhydride wjth ethyl methoxyphon- 
oxyacetate in the presence of aluminium chloride 
This is illustratlJ by the following equation : — 

CH CH „-C()0 Kt 


<^80r^''%-0-€na<X>0H 
I j~CHOH COOH 


" CH.,^ OCH,. 

Dihydrobrazilinio acid itself is accordingly 
represented by formula (3). 

The following constitution ; — 

0 


OH Y ]CH 

OH V 


BraziLnic add. The constitution of this acid ^ \ 

has been conclusively demonstrated by its synthe- ^ Y 

sis, Cir'hich has been effected by the intcraciion of ^ ^ 

w-hemipinic anhydride wjth ethyl methoxyphon- «« ^ result of this work, been assigned to 

oxyacetate in the presence of aluminium chloride l>razilm by Perkin and Robinson (Ohem. Soc. 

This is illustrattJ by the following equation 'J'ran.s. 1908, 93, 49G), and is in complete bar- 
, mony with the facts above enumerated. 

CH ,Oj^ I 0 CHo'COOhit Oxidafion of triweiliylhrazilin with chromic add 

'sy' ^ ‘ When trmiethylbrazilin is oxidised with 

+ (fo — CO chromic acid it is converted into triniethyh' 

/ \ hrazibne (Gilbody and Perkin, v. infra ) — 

\ / (ril»0>3Ci,Tl,,(), + ‘Z0-(CH3()VCnHj08+H,0 

OCH , OCHj apparently simple reaction has proved 

to be of an extremely puzzling character. 

CHgOr , — 0— CHj-COOH When trimethylbrazilone is oxidised with 

'== [ i— CO\^ y^COOH permanganate, it gives m-hemipinic add, 2- 

/ \ carhoxy - 5 - mcfhoxyphenoxyacetic addy hrazilic 

/ acid, dimihoxycarhoxyhenzoylformic acid, dime- 

' OCH 3 OCH thoxycarhoxyhcnzylformic add, meihoxycarhoxy- 

BrajtUnlcacld. vlirnoxylmltc md. mAhazmvu-. acid. 

• J J -.Li 1 . 1^1 earlier paper, Oilbody and Perkin 

bmi>linic acd is reduced with sodium (Chem. Soe. Trans. 1302, 81, 1040) suggested for 
amalgam, it is quantitatively eonye^l into 'trimethylbrazilone a constitution bS^d upon 
Vf their flrit formula for brazUin (see above), buTit 


VO-CH,COOH 

j-COx AX 


OCHT^Ha. 

Brazlllnic acid. 

Wh"n brazilinic acid is reduced with sodium 


loses water with t%e formation of the lactone 


was subsequently shown 1908, 93, 498) that 
the reaction proceeds ros follows : By the orida- 


i^thesise the latter compound, w-hemi- tlon of triniethylbr.izilin (1) with chromic acid a 
inyclriae is condensed witli resorcinol di- Hisruntion of the central linkaire oe.cnrs. with the 


pinic anhydride is condensed witli resorcinol di- fJigj 
methylether toform 2-hydToxy-4.5'A'4rimethoxy fori 
benzoylbenzoic add 

CHjO/^OCH, , „^'0 -/NocH, 

. Y Yco-IJoch, 

__ CH,o/\-OH cooh/'Nocw, 

CO i^OCH,. 

^ When reduced with sodium amalgam, this (1) 
acid gives 2-m-meconyl-6-methoxyphenol (1),. 
and thi§ by the action of chloracetio acid and 
potassium hydroxide is converted into the 
lactone of dihydrobrazilinic acid (2) 


I disruption of the central linkage occurs, with the 
formation of an unstable diketono (2), and 
this subsequently undergoes aldol oondonsation, 
and trimethylbrazil6he is produced (3) — 


I C(OH) 


\/\co 


p\y I , 


Cn,of\^^')cH€0 


OCHTOOH, 


0 ^; odH,. 


CHjOjY-O— CHpCOOH 






This formula represents trimethylbrais^cnM! 
as a derivative both of coumaran and teijridily* 
dronaphthalene, and affords a ready explanailmi 
of the decoriposition preduots of this 'i i 

An important point in favour of thu 
stitution is afforded W thaJbehaviour of 
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brazilone with alkalis, or acetic anhydride^ and , 
other dehydrating agents, for it is thus converted 
with loss of one mokcule of water into anhfJ^o- 
trimthyJbraziloM (CH 30 ) 8 C,jH 70 a. There can 
be little doubt that tje formation of this sub- 
stance is due to the elimination of water from 
the aldol grouping in triinethyl brazilone, and 
that it possesses the following formula : 



Anhydrotrimethylbrazilone is thus a deriva- 
tive of fi-naphthol, and it possesses many of the 
properties of this substance. It is soluble m dilute 
alkali, and this solution gives with diazobenzene 
chloride a red azo- dyestuff. *Diazonaphtli(Wone 
chloride behaves similarly, and <he dye tlius 
produced dissolves in sulpliuric acid with a blue 
colour. 

When trimethylbraziloiie is boiled in acetic 
acid solution with plicnylhydrazine, deoxylri- 
melhylbrazibne OiaH, 03 ( 01130)3 is obtained, 
and this is probably a dihydi-onaphthalono 
derivative of the formula 

/\ / 0 \ 

Y >1H.C11 ‘ 

\/\/ \ 

Oil CII 

\ / 

\ / 

OCHgOCflg 

The most striking reaction of trimethyl- 
brazilone is its behaviour with nitric acid, when 
it yields a compound possessing the composition 
of a nitrohydronjdihydrotrxm&Siylbrazilonc 
Ci,H,03{CH30)3-f HNO3 = Ci,H330,N(0H80), 


This substance dissolves in alkali with a 
purple colour, but on standing the colour rapidly 
lades, o-nitrohoxnovercUrol separates, and the 
solution contains p-metJioxysalicylic acid. U.\i- 
dation with permanganate gives 2'Caii)oxy-5- 
meihoxyphenoxyacetic acid, and these^ decom- 
positions point clearly to the formula 


CHjO 






C(OH)-CH ,l 


/OCII, 


as representing the constitution of this nitro- 
compound. {§ee also Perkin and Robinson, 
ibid. 1909, 96, 381.) 

Feuerstein and v. Kostanecki (Ber. 32, #1024) 
assigned at first the following constitution to 
braziliu ; — . • 

oHr r 




COH 




-Os 


which was based upon the production from it of 
dihydrojfypheno -y-pyrone (SciRill and Dralle) 
by alkane oxiclation, and of protocate'chuic 
acid by fusion with alkali (Herzig). 

It v^, however, pointed out by Perkilf 
that this formula does not account for the 
presence of w-hemipinio al'id among the oxida- 
tion priducts of tnmethylbrazilin, and Herzig 
and PollakJMonatsh. 1901, 22, 207) advanced 
a similar criticism. On the other hand, it was 
suggested at the time by v. Kostanecki and 
Lampo (Ber. 1902, 35, 1007) that m-hemipinic 
acid was not to be riigarded as an oxidation 
product of trimethyl brazilin itself, but that it 
arose from the formation, during the oxidation, 
of a phenanthrene or mdeno- derivative, which 
by the further action of permanganate gives 
this acid. Such an iiidene-condeiisatioi^ is 
illustrated by the following scheme, which, 
according to these authors, probably occurred 
during the formation of trimethy^razilone from 
trimetJjylbrazilm. 

The first product of the oxidation with 
chromic add wilh possess the formula ( 1 ), and 
tliis IS converted by jLhc following stages into 
trimothylbrazilone (3) . — , 



This constitution accounts in a simple 
manner for the formation of the anhydrotri- 
methylbrazilone ( 1 ), and the nitrohydroxydi- 
hydrotrimethylbrazilone (2), of Perkin, which 
can be represented as follows : — 
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When anhyd^otrimethylbrazilona is digested 
with hy,driodic acid, anhydrobraziione (Jj^HioOg 
+HjO is produced, but when trimethylbrazi- 
l9ne itself is treated in a similar maiAier, the 
result is of a peculiar nature. The compound 
CieHjO(OH)4 HO obtained does not consist of 
brazilone, but '‘possesses the formula (1) or (2), 
and on distillation with zmc-dust givear hrazan 
(3) (Kostanecki and Lloyd, Ber. 1903, 30, 
2193). 





0\ , \ /\ 

1, HOi" 


V j- 

- 1 ' V)u 

\/ 

"v 

2. ' ho/ 

''°Y^ 

1 /' 
\/ 

Y/UH 

. OH 


^\/\ ' 

3. 1 1 





i t 


' /X 

vZ — /\OH 


\ch/ Jo 


NUH / ‘ I JOH 

OH 2 
Brazilin. 

o; 

0112 

J 

C/ — / nOCH, 

II / 

I JocH, 




In 1899 Liobermann (Ber. 32, 924) obtained 
anhydro-a-naphlhoquinone resorcin by the con- 
densation of 2-<?-dichlor-a-naphthoquinonc with 
lesorcu 

0 




Trimethylbrazilone. 

A/^\ch 



‘HO- 




/Ox 


/\ 


0 


and this, according to v. Kostanecki and Lampe 
{Ber. k908, 41 , 2373), is 3- hydroxy brazanquiiione. 
By reduction with hydriodic acid, this gives 
hydroxy brazan 

“rYV-x 

\//- \/\/ 

and from this IS.tter or from the quinono itscdf, 
brazan, identical with l^at obtamcd from 
trimethylbrazilone, is produced by distillation 
with zinc-dust, Brazan crystalhses in leaflets, 
and melts at 202°. 

V. Kostanecki and Lampe (Bor, 1902, 35, 
1674) considered it probable that, after all, 
trimethylbrazilin does contain, as found by 
Perkin, a nucleus which on oxidation yioldg 
hemipinic acid, and appear to have adopted the 
foBowing as their final formula for brazilin : — 


OCH3 

OCH3 


Anhydrotnmcthylbraziloue. 

Horzig, moreover, observed (Ber. 1904, 37, 
031) that tnmethylbrazilono undergoes isomeric 
change when it is dissolved in sulphuric acid, and 
yields y-irxmeihylbraztlone 0,3HnO3(0CH3)3,m.p, 
170°-173°, to which the formula 




!,V JoCH, 


* afHOOeX 

wa.s assigned,. (Tloraig and Poliak, Monatsh. 
1900, 27, 743). Perkin and Robinson (l.c.) 
find that on oxidation with permanganate this 
compound gives largo quantities of 2 'Carhoxt/- 
4:-5-dinieihoxy'plienyla('ctic acid (CH30)2'C,H2* 
(COOHl-CHj’COOH, and that there can be 
little doubt that its true constitution is repre- 
sented by one of the following formula! 


CII3O1 


(JH 




C0OHCH/\oCH, 
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T l^w constitution, it is evident, will still 
hyr m pnia^ with the formulae of trimethyl- 
brazwme akid anhydrotiimsthylbrazilone given 
above by theSe authors. 

Herzig and Poliak (Ber. 1906, 39, 267) 
s^gestod the following constitution for brazilin, 
I^WllQrlbfa^ilone, and anhydrotrimethylbrazi- 


CH/ 

Finally, in 1906 Herzig and Poliak (Monatsh. 
27, 743) considered it necessary to modify theg 
lirst formula for brazilin, and have arrived at 
the conclusion that that finally proposed by v. 
Kostanecki and Lampe correctly represents this 
colouring principle. The more recent work of 
Perkip and Robinson detailed above shows, how- 
ever, that such a constitution cannot be correct, 
bea^use it does not account for the production 
of brazflinic acid by*the oxidation of trimethyi* 
brazilin « 

/O-CHa-COOH 
CH.Of Y 

■ \Y^\ OOOH 
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and there is everv reason to consider that thej 
formula suggested by the latter authors if the] 
correct representation of the oonstitutioi^ tc/. 
also Perkm and Robinson, Chem. Soo. Trans. 
1909, 95, 381) of brazUin. 

Brazikin yields •a triaoetyl derivative 
^ 6 ll 904 (CaH 30 )a, yellow leaflets, m.p. 203*-207® 
(Sohall and Dralle, Ber. 23, 1434), and a trimethyl 
ether CuH, ( 00113 ) 302 , which crystallises in two 
modifications, melting at 160® and 178® respec- 
tively (Engels and Perkin, Chem. Soc. Proc. 1906, 
22 , 132). BrazUein trimethyl ether combines 
with formio acid, yielding a formic acid derivative 
which crystallises in garnet-coloured prisms, and 
is decomposed into its components by treatment 
with alcohol. 

The constitution assigned to brazdein by 
Perkin is as follows : — 





OH 0 

When brazilein is dissolved in sulphuric acid 
and the rolution is dilutfd with acetic acid, 
minute orange-red prisms of iaobrazilein avlphaU 
0 i 6 HxiO 4 ' 8 O 4 H separate (Hummel and A. G 
Perkin, Chem. Soc.l’rans. 1882, 41, 367), and tliis, 
on treatment with alcohol, gives the basic sulphati 
C,.Hia 0 .(Cx,H„ 0 i-^ 04 n) 2 , which crystallises ir. 
red needles. Hydroohlorio and hydrobromic 
acids at 100 ® give isoh azUdncUhrliydrin 
Ui 4 Hij 04 ‘CI, and iaobrazilekbbromhydrtn 
CnHix 04 Br, and both compounds consist of 
orange-coloured prisms, which are somewhat 
readily soluble in water, Arming a solution 
which contams free haloid acid. These interest- 
ing substances dye mordanted fabrics colours 
which aie entirely different from tlioso yielded by 
brazilein, and the shades %hich arc produced, 
especially on calico, somewhat resemble those 
given by alizarin. Prom these haloid salts by 
digestion with silver oxide a substance is pro- 
duced known as iaobrazikm, whicl# has the 
formula GiaHuOs, but is totally cUstinct from 
brazilein. • 

According to Kngels, Perkin, aJd Robinson 
(uLem. Soc. Trans. 1908, *93, 1140), whose 
paper must be consulted for the detailed 
account of brazilein and its derivatives, these 
isobrazUein salts are derived from ^-Z-itidcno- 
benzo^anol ( 1 ), and the sulphate which is 
trihydroxy-4: - ^-indenohcnzo'pyranolaiihydrohydto- 
gen sulpJiute ( 2 ), may be represented thus : 

HSO 



It was found, for instance, that when brazilein 
trimethy^ elfiier (3) is treated with sulphurio aoio, 
it is converted with loss of methyl alcohol into 
the dimAhyl ether of wobrazdein sulphate (4) 
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These authors assign an orthoquinonoid 
.structure to this and similar oxonium salts.* 
More recently Cfabtree, Robinson, and 
Turner (Chem. Soc. Trans. 1918, 113, 859), 
cmployhig buteiii tnuiethyl eJher, have suc- 
ceeded by very simple rfethodu in synthesising 
isobrazilem hydruehlonde. By reducing butein 
trimethyl ether (J) : — 


ClljOj 


(1) 


/\/ 


OH 


GO— Cil 




OOJfg 
OCJla 


the ddiydro (beiizylacotophenone) compound 
( 2 ) is obtained, I’his by digestion with an 
excess of ahsohite formic acid in presence of 
zinc elilondo is transformed into the hydro- 
chloride of isobrazilem tnmethyl ether ( 3 ) : — 

110 oil • 
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With fuming hydrochloric acid at 120®^^160® 
demethylation occurs and isobrazilem hydro- 
chloride is produced : — • 

Cl 



( 1 ) 
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B^v the substitution of acetic acid for formic 
add in this reaction the corresponds g methyl 
isobrazilein deriv^ive can be obtained 


CH 





The synthesis in this manner of a colouring 
matter so closely allied to brazil in itself by the 
employment of butein, a yellow dye which 
exists in ^ the flowers of the Butea frondosa 
(Per|(m, Chem. Soc. Trans. 1904, 85, 1459), is 
of expectional interest. 

Tne commercial yrcpdrationa of Brazilwood 
kno\^Ti as Brazilwood extraci and Brazilv.ood 
liquor, are prepared by boiling the ground fresh 
M'ood with water, and oVaporating the decoction 
thus obtained to various degrees of consistency 
without access of air, or as papidly and at as low 
a temperature a?, possible, e.g. in vacuum pans. 

Dyiitig Properties . — Before dyeing, the logs 
as imported are rasped to a coarse powder, and 
this is then oisually moistened with water and 
allowed to ferment .for some weeks. This 
operation isa performed in order to mcrcase the 
colouring power of the wood, and there can be 
little doubt that a considerable quantity of the 
brazilin present is thereby oxidised to the 
colouring matter brazilein. It has been con- 
sidered by some that the fresh Avood contains in 
reality ^ glucoside of brazilin, which, under the 
influence of fermentation, is hydrolysed, but no 
evidence has been forthcoming m support of 
this suggestion. • 

Although still used in calico-printing and in 
wool-dyeing, Brazilwood and its allies have 
lost their importance, chiefly because of the 
fugitive character of the colours they yield. In 
oahoo-printing, j^appan liquor is employed for 
producing steam-reds and pinks, the mordant 
used being aluminium acetate or stannic oxalate, 
separately or combined, together with some oxi- 
disthg agent, e.g. potassium chlorate or a copper 
W. It also enters into the composition 
isl liteam-chocolates and certain steam colours 
ill. conjunction "with other dye wood extracts. 

woods have also been much used in 
the past along with garanoine in dyeing the 
reds, chooolates, and other colours of cheap' 
pmts. 

In wool-dyeing these woods have been ap- 
plied for the purpose of dyeing reds and various 
ol claret and brown, the wool being pre- 
mordanted with alum and cream of tar- 
tar or oxalic acid, or with potassium dichxomato. 
« which case other dyewoods, e,^. logwood 
and old fustic, are applied in addition. The 
colours product by this method are now only 
used to I limited e:i^nt. 

* la ootton-dveing, peaohwood-red was for- 
merl^^^^MiaiBed bv fint preparing the cotton with 
tamn matter* ihen mordanting with a stannic 
aalt, andflnaEy dyeing with peach wood, sappan- 
arooeb Ac. Browns were obtaihed by the use of 
Ipjgvood'ip addition, ‘ with or without a final 


passage through a ferric salt solution (nitrate of 
iron). , These colours are now replaced by others 
obtained from coal tar. A. G. P, 

BHAZILEIN and BRAZILIN v. Bbazilwood. 
BRAZILIAN ANIME v, Oleo-bssins. 

BREAD may be defined as the dough made 
by the mixture of the flour of grain with water, 
charged in some way with gas so as to distoi 
and afterwards baked. The resulting lod£ 
a delicate spongy structure which causes ft* 
be the most readily and easily digested of all 
wheat foods. The simplest and most primitive 
form of bread making consisted merely in mixing 
flour with water and baking the doiu/h, and it 
survives still in the Passover cakes of the Jews 
and in the ‘ aamper * of the Australian settler. 
The charging with carbonic gas is commonly 
effected by fermentation with leaven or yeast ; 
alternative methods involve the use of baking 
powders (q.v.) or the direct the gas. 

In addition to producing gas, fermonCation has a 
profound effect on the constituents of flour, and 
iniprdves the flavour and digestibility of the 
loaf. 

The mechanical result of aeration is the 
creation of innumerable vesicles or cells witliin 
the dough, which are subsequently distendocj,, by 
heat, the whole mass Leiag encased in the baking 
within the crust of dextrin formed by the action 
of heat upon the starch. The making of bread 
from wheaten flour is ordy possible because the 
latter contains gluten, (jlutcn is a mixture of 
proteins which becomes viscid when mixed with 
water, and, when blown up with gas, has suflS- 
oiont coherence to remain in the form of a honey- 
comb instead of collapsing and allowing the gas 
to escape, c 

Leavening (Lat, levo, to rise) has been 
practised from* time immemorial in the East ; 
from the Egyptians it passed to the Greeks and 
thence to the Romans, whoso conquests and 
colonies extended the art. It consisted in the 
first instance probably in a natural fermentation 
of the dough by leaving it to become sour ; but 
to hasten the process it became usual to add to 
new dough a portion of old fermented paste or 
‘leaven.’ More recently, yeasts were substi- 
tuted for the piece of leaven. These were of 
various origin, that from the distillery being the 
most suitable. To-day, ‘ pressed ’ or German 
yeast, which consists of yeast grown in a special 
way, purified by repeated washing and com- 
pressed into cakes, is>the most generally used. 
This keeps m% 11, is uniform in quality, and GQ^bles 
*the baker to exercise a close control over 
regularity of the process. 

Dough consists roughly by weight of two-, 
thirds ^ur and one-thud water, the quality of 
the water being a matter of some importanoe. 
The softer the waW the quicker is the fermeuta- 
I tion, and since the quality of the bread depends 
j on iwmentatioa being allowed to prooew to 
{ exactly \he right point, it cannot be carried out 
I under precisely the same conditiohs with haird 
■ as with soft water. • 

Chemistry of bread ma^ng» — The chief oofl 
stituents of flour, to far as makiiig is con- 
cerned, are (1) the carbohydrates, (2) the 
proteins. The former include sugars and starchy 
the protein^ consist of a smau proportion of 
solul^ proim and a large proportioa fitf In* 
soluble gluten. 
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Tlie gas formed during panaty fermentation 
is produced by the action of the yeast organism 
on dextrose. Flour contains about 1 of 
sucrose and a little rafiinose : before fermenta- 
tion* both these sugars are converted into 
dextrose the eneyme inverlase present in 
yeast. • This amount of sugar would not suffice 
to gtVe the necessary amount of gas, but it is 
■ iftlpplomented by the maltose produced from the 
|i|tarch of the flour, maltose being itself converted 
l^lhto fermentable dextrose by another enzyme 
maliase contained in yeast. 

The formation of maltose is effected by the 
agency of a diastatic enzyme present in flour ; 
it begins directly the flour is wetted and continues 
throughout fermentation until the loaf is baked. 
Yeast contains no diastatic enzyme, but it is 
possible that its action on the proteuis of flour 
facilitates the production of diastase. 

Gas escapes from the dough throughout the 
process of making a loaf, and the supjily available 
must be sufficient to distend the loaf and ^main- 
tain it fully distended until it is fixed in the oven. 
Flours which have relatively little diastatio 
enzyme will produce insufficient ga.s, and this 
fact explains perhaps the beneficial results 
BOi^etimes obtained on adding malt extract, 
which is rich in diastase, to dough. This ques- 
tion is in reality somewhat more complicated in 
that diastase consists of two enzymes — a liquefy- 
ing enzyme which renders the starch soluble, and 
a hydrolysing enzyme which converts it into 
maltose. It is the former rather than the latter 
enzyme which is sometimes lacking in flour. 

Gluten is the characteristic and the most 
important constituent of flour {v. Gluten). It 
is the agent which ^irincipally determines how 
much water a dough will take ; what length of 
time it requires to be fermenteef; what will be 
the size of the loaves, and their colour, flavour, 
and general appearance. The baker requires 
quality rather than quantity : the relation 
between chemical oonstitufaon and quality is 
not yet fully understood {see British Association 
Import on Wheat, Winnipeg, 1909). During 
fermentation, gluten becomes softer and at first 
more elastic, subsequently it softens still further, 
loses elasticity, and begins to break down. 
Baker’s yeast always contains lactic acid 
organisms, and the conditions in a long sponge 
are favourable for the formation of^this acid, 
which has a marked solvent and disintegrating 
action on gluten. Aocdrdingly, in a long 
OTjoncret the gluten is considerably cusintegrated. 

' The biker’s art consists in* taking the sponge 
when sufficiently mellow. If under-fermented, 
a foxy crust is obtained ; if over-tipe, the duten 
becomes too much disintegrated and the loaf is 
less bulky, inclined to crumble, and in extreme 
oases becomes sour. 

Common salt is very generally added to 
bread. This is done firstly to give tae n^essaxy 
flavour, as owing largely to the action of salt in 
Btiznulating the palate, minute quantiti#s of 
substances can be Cognised in its^pro 
V Secondly, salk has a toughening and 

binding effect on gluten, though it has a solvent 
effect on somb of the proteins of flour. In view 
of tbe mod^ theory that the* properties of 
aro due to smal^ quantities of associated 
eslts, effect of the Mded sodium chloride 
innst be taken e4so into account. Balt also 


checks diastatio action and fermentation Jfco 
Some extdut. Use is made this property by 
the baler in dealing with sponges wch are 
ovor-ri4^ : a little more salt than usual is used 
in mailing the dough, and the subsequent fgr- 
mentation is %tarded and the disintegrated 
gluten sortfi^hat toughened. 

To make a large, well-a6rated,,8hapely loaf 
of goett colour and flavour, it is necessary to use 
a largo proportion of flour from strong wheats. 
Such a flour usually contains more nitrogenous 
compounds than a weak flour. Commercially, 
a demand has arisen for strong flours, which 
accordingly reali.sG a higher price than weak 
Hours. The strongest flours come from parts of 
the United States and Western Canada, also 
from Hungary. English wheats givaj as a rule, 
weak flours, which by themselves are unsuitod 
for modern bread making, • 

It is the object of the largo millers to produce 
a brand of flour suitetrfor bread making which is 
a blend of several wheats, and*to maintain this 
brand of flour of uniforqir quality throughout the 
year. The preparation of sample loaves, made 
under carefully standardised scientific conditions, 
still remains the mo&t satisfactory test of quality, 
and many flour mills maintairP a laboratory for 
this purpose. • 

According to Humphries, the starch of flours 
made from wheat grown in hot, dry climates is 
very stable and resists* disintegration. Such 
flours require special treatment, th8 addition of 
malt extract being a very common process. 
Thi^! addition gonorally causes an improvement 
in flavour, due, it is supposed, to the production 
of dextrmous products, which further have the 
effect of making tho bread moie moist. 

There is a loss of weight during^panary 
fermentation, due to tlie conversion of carbo- 
hydrates into alcohol and oarjion dioxide. Jago 
estimates this loss at 1’3 p.c. ; other authorities 
give somewhat higher values. Experiments 
made at Pittsburg indicate that over two-thirds 
of tho total fat present in flour is lost during 
baking. 

The manufacture of br^d. To-day, in 

large towns, bread ^ usually made in bakeries on 
a manufacturing scale, and machinery 'is em- 
ployed for the mixing of the dough, weighinjg 
and moulding of the loaves, whilst the bakmg i" 
carried out in large draw-plate ovefis. ** 

There are various systems of bread ] 
depending on whether the dough i.s made 1 
(df in one operation, or whether a portion of 
flour, the yeast and the water, are first made U| 
into a loose paste — the sponge*— and the rest oj 
the flour added some hours later. A third 
system involves the prepaiution of a ferment 
most oommouly consisting of potatoes, boflisd 
and mashed with water to which a lit^ raw 
flour is added. The yeast is introducea intc 
this and fermentation carried out so as to favouj 
growth and reproduction and get the yeast iu i 
particularly active state. Flour is added t( 
make a sponge, and this, some hours later, madi 
into dough. The longest system of f^lmenta 
tion is that practised in Scotland. An eighth oi 
tenth of the flour is made into a fairly 
dough with a little yeast and allcJWed to li^ U h 
IS hours, during which time the sluten h^ophp 
almost entirely soluble, and the ontlgh 
a distinctly vmoui smell and taste, It is tbui 
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brl^ken up with hour and the remainder of the \ extreme example. Fine rye bread is as diges* 
liquor to a th^ spoDge, which lies about hours * ^ 

till it shews signs of turning and is then naade up 
into a rather soft dough. The long a/atoma 
fosmerly in use, were partly the result of ^tom 
and partly due to the slow working yeasts used. 

To-day, partioplarly in large bakeries, the 
tendency is ,in the direction of the straight 


dough, though the sponge-and-dough metliod ii 
very largely practised It has been claimed that 
the longer processes require less yeast, make 
bulkier bread, and bread of better flavour. 

When the dough is ready it is scaled off and 
kneaded into shape. This presses out nearly all 
the gas and toughens the gluten ; if it is not 
thoroughly done* the loaf is likely to contain 
holes. Tht loaves are next put aside in a warm 
place to prove, during which the gluten relaxes 
and the yeast expands the dough evenly. Too 
much proof must be avoi(Jed, as on putting the 
bread in the oven the excessive expansion is 
frequently foUov^d by the collapse and flatten- 
ing of the loaves. The t^aves are then baked at 
460°-600°F., a 2-lb. loaf requiring about 40-60 
minutes. During baking, the gases are at first 
expanded and the dough dwells, the yeast is 
kilied, some of the starch cells burst, the heat 
sets thd gluten and the starch, and finally the 
crust is converted into dextrin and in part 
caramelised. 

It is the baker’s object to get the maximum 
number of loaves from a sack of flour. Accord- 
ingly, that flour is selected which has the 
greatest power to take up and retain moisture.; 
Such flours are often termed strong. A sack 
(280 lbs.) of good flour yields about 90 
quartern loaves. 

Fieifrta bread is a term applied to rolls 
and light fancy bread baked in an atmosphere 
entirely charged w^th steam, to obtain winch a 


tible m wheaten bread, but in the ease of 
pum^) 9 jmi(jkel a very large projwrtion is un- 
absorbed (Romberg, Arohiv. f. Hygiene, 1897, 
28, 244). 

Baking Powders— QQxh6ti dioxide ma^ also 
bo generated within dough by the action of 
baking powders, which are usually mixtures of 
sodium carbonate and some acid or acid salt, 
and evolve gas w^hen moistened or heated. 
Owing possibly to the difficulties of distributing 
fresh yeast, baking powders W'ere formerly 
widely employed in America. They are not 
used much in this country for white bread. 
They are usually classified according to the acid 
constituent, as tartrate, phosphate, or alum 
powders (t>. Baking powders). The so-called 
self-raising flour contains baking powder already 
mixed with it. 

AHrated bread is made by injecting carbon 
dioxide into dough by mechanical means. The 
procesf was originated by Dr. DauglLsh in 1869, 
and at one time enjoyed considerable popularity, 
but it has not met with universal favour on 
account of the raw and insipid taste of the bread, 
due to the absence of the products w'hioh yeast 
produces during fermentation. The carlion 
dioxide is produced separately and forced into 
water under pressure : this water is mixed with 
the flour in a specially constructed vessel, in 
which the pressure is maintained. On opening 
the vessel, the dough rises and can be imme- 
diately baked. The advantagee claimed for the 
system are uniformity of result, and the avoidance 
of the losses in weight w'hich occur during fer- 
mentation. „A later development consisted in 
mixing a little wort, made Jrom malt and flour 
and I'ormented J:.ill sour, with the water to be 
aerated, so as to improve the flavour. The 
process is eminently suited for the manufacture 


special oven construction is adopted. Thei of whole- meal bread, as the preparation of 
starch of the flour is burst by heat and changed | batch of dough can be effected in thirty minutes. 


into dextrin by the aid of moisture, so that a rich | 
golden-brown highly glazed crust is obtained. ' 
Leavened bread,— An France and elsewhere 
on the Continent, 'bread is made from leaven, but 
in the more important town8,thi3 mode of broad 
making has been given up for the Viennese and 
English processes. The practice in the prepara- 
tion of tne leaven consisted in a series of stages 
(‘levain de chef, levain de premiere, levain de 
seconde, levain de tout point’), by which, startmg 
with a piece of dough put away from a previous 
baking and adding at intervals more and more 
flour and water, ’ ’ 


Cow'postUon of Bfead, — The general composi- 
tion of bread is very variable. About two-thirds 
of the volume is made up of gas. By weaght it 
contains 40-60 p.c. ^f water and 6-6 p.o. of 
protein, the balance being mainly carbohydrate. 
Hutchison gives the following mean figures for a 
number of breads analysed by him : — 

Carbo- 

Water Protein Fat hydrates Cellulofle Ash 
White . . 40 6-6 1 0 61-2 0*3 1-0 
Wholemeal. 46 1-2 44-8. 1*6 1*2 


rOn keeping, a loaf ^adually loses moisture 
', the required quantity is leavened, i the extent of 8 p.c.^in 48 hours, 14 p.c. in 72 
cenahaif, which when baked yields I hours (Goodfellow) or 14 p.o. in 1 week (v, Biln:a), 


From this is taken a half , ^ 

a dark, sour bread ; the remainder, being again ; At the same time, the bread becomes stale, but 
mixed with a quantity of flour and some yeast, ; this change is not attributed to loss of moisture, 
produces a whiter and less sour dough, a portion | as much of the freshness is restored on heating, 
ol whi^h is baked and the residue once more ' during which considerably more water is lost, 
idded to fresh flour. This subdivision is re- j It is suggested that staleness is due to a gradual 
peated three times, the bread improving at each combination of water with the starch or gluten 
stage. A characteristic example of leavened which is readily broken up by heat ; or, alter- 


biread«i8 seen in the rye bread (Schwarzbrod) of 
Glermanv. 

• Nex^to wheat, rye is the chief bread- making 
^rain^^oughout the world, and in particular it 
IS larg^ u^ m Northern Europ. Rye bread 
is moister, olosm, and darker m colour than 
9 fdinf^ household bread. There are several 
^nelities, differing in the proportion of bran 
SfWnailMdi the so-called * pumpernickel ' being an 


natively, that it is due to the shrinkage of the 
fibres which form the walls of its visible pores, 
Katz (Zeitsch. physiol. Chem. 19Jlb) has 
shown that, whereas the softening of the bread 
crust is due to, the absorption of moisture, the 
crumb will become stale even when no loss of 
moisture talids place. * 

The experiments indicate that when bread 
crumb is kept at ordinary tempeiatuies and; 
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lo88 of moisture prevented, the starch becomes 
harder and the amount of water-solubltf poly- 
saccharides diminishes, the latter being suggfist^ 
as the cause of the sweeter taste of new bread 
as compared with stale. 

The gluten appe^s to absorb moisture from 
the starch granules as staling proceeds, the 
latter shrinking, with the result that the 
granules are readily separable from the gluten, 
thus causing the bread to become crumbly. 

The shrinkage of the granules can be seen 
with the microscope, narrow air spaces being 
observed between the granules and the gluten. 

The adulteration of bread with alum, zinc, 
and copper sulphates, lime, &c., is now entirely 
a thing of the past. These were added to 
prevent the injurious effects of an excess of 
diastase on the starch during panary fermenta- 
tion when inferior flour was employed. The 
cheapening of flour and the critical demands of 
the public for a well-risen white loaf, as well as 
improvements in the miller’s technique^ have 
necessitated the use of the best flours in bread. 

The question of colour, meaning brightness 
of appearance in crumb and crust, is an im- 
portant one ; at the moment, the demand is for 
a Vhite loaf. Colour is largely a question of 
optics ; a weak but very white flour may make 
poor dingy-looking loaves, wliilst a darker, 
stronger flour will make loaves which are better 
aerated and hence appear much whiter. 

A modern development is the artificial 
bleaching ot flour, usually with nitrous fumes 
produced by some electrical process. There is 
no proof that bread made with bleached flour is 
deleterious to health, but its use has been for- 
bidden in America ^uder the Pure Food Laws. 
It is a mattei of controversy wl^ether bleaching 
by nitrogen peroxide is due to oxidation or to 
nitration. Bleaching does not change a low- 
grade flour into a higher one, and bleached flour 
should thereToL’o bo declared as such. 

The souring of bread i5 one of the baker’s 
roblems. It is the result of a combination of 
acterial fermentations, the bacteria being 
introduced by tlie yeast,* by the flour, or, os 
should not occur, by the use of dirty vessels. 
The flavour of fermented bread improves 
gradually as the process proceeds until a maxi- 
mum is reached, after which, if fermentation is 
continued, it begins to deteriorate. At this 
stage the alcoholic fermpnt is exhausted and 
the acid fermentation begins to predominate. 
mo sourness is m^iinly due^ to lactic and acetia 
acids, the odour to acetic and sometimes butync 
acids (J. Soc. Chem. Ind. 1916). A cause of 
mustinesB in bread has been traced to the 
presence of Rhizopuf nigricans and Aspergillus 
m the flour from which the bread was made. 

Extracts made from such flours when mixed 
with good flour caused mustiness or sourness 
in the resulting bread. • 

Such bread-diseases as ropiness (c/. E. J. 
Watkins, Ropiness in Fjpur and Bread, 9 . Soc. 
Chem. Ind. 1906, 360) are due to specific bacteria. 
According to Kaysef and Delaval, ropiness is 
due to bacteria of the genus Mesentericus, 
originating in flour. The spgres form rods 
3 I 0 p long and 0*4^0*6 p thick, sometimes 
united in pairs and very resiitanlf to chemical 
md physioal zeagentt. The development on 
bread^ very rapid with abundant spore forma- 


tion. Thf bread becomes yellowish-brown, s^t, 
and viscous and acquires san objectionable 
smell. I The addition of lactic acid to the dough 
with fjiom 30 to 46 minutes baking, depending 
on thefweight of the loaf, prevents the germina- 
tion of spores. 

In a modern bakehouse, bacterial diseases 
shoul^ not occur ; they may often*be traced to 
the use of unsound flour. 

Whole-meal Dreads . — The majority of the 
patent breads belong to the ‘ brown ’ variety, 
and contain mure of the wheat grain than the 
white flour. In some, the finely ground bran is 
introduced, in others the germ, whilst a third 
class claim to contain the complete wheat grain. 
Bran is very rich in diastatic enzyme, here 
termed ceroalin, and its introductidh causes a 
very rapid conversion of the starch into dextrin 
and sugar. This causes the dough to become 
soft and clammy and k) bake brown : in addition, 
it becomes very pronb to souring. The use of 
sodium bicarbonate and hydr8cHlorio acid for 
aerating whole-meal biftad is common. When 
the fermentation process is used, the bran is not 
introduced until the dough stage. Whole-meal 
bread has a great tendency to become sodden ; 
it has to be baked for a considerable time, and 
consequently often has a thick crust. Germ 
has a very injurious effect on flour, owing to its 
diastatic character, and the tendency to become 
rancid. Every effort is therefore made to 
remove it as completely as possible. When 
subjected to the action of superheated steam, 
the germ is cooked, the diastatic properties are 
destroyed, and it acquires a pleasant malt-iike, 
nutty flavour and aroma. This process was 
patented by R. Smith of Maoclesfiel^ and a 
mixture of one part of treated germ and three 
parts of white flour constitutes Hovis flour, from 
which Hovis bread is made. • • 

The relative nutritive values of white and 
whole- meal bread is a highly controversial 
subject. It is claimed that, whole-meal bread is 
richer in protein and so more valuable, but this 
is far from being generally tri^. A second con- 
tention is the larger amount of mineral matter, 
especially phosphoric acid, in the brown bread. 
This is certainly true, but experience has shown 
that the mineral matter is not all absorbed from 
white bread, whilst in whole- meal bread the 
quantity absorbed is so much less that it is 
probable the blood obtains much the same 
amount from both (Hutchison). Whole-meal 
broad is defectively absorbed, owing to the 
cellulose which it contains preventing the gastric 
juices from gaining access to the neighbouring 
nutritive ingredients, and for the same reason 
it interferes somewhat with the absorption of 
other foods. When the unsatisfactory flature 
of the whole-meal bread itself and tl^e pre- 
cautions necessary in its manufacture are taken 
into consideration, its universal use in times 
of plenty is not to be advocated. With bread 
containing added germ the case is different, the 
bran is absent and the food value, ^both as^ 
regards protein and phosphate, is larger thtn 
of wliite Dread. ^ ^ 

The use of flour oontaiuing the untreatQ^, 
original germ of the wheat berry for bread is» 
none the less, disadvantageous, since the floor 
easily becomes rancid and the germ ensymes 
commence to act on the gluten from the mombnt 
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th^sAour is made, causing the loaf to be of poor 
Colour and to bcykless finely vesiculated and 
digestible. These factors more than oi^.weigh 
the advantages of the very small adcFtiona] 
amounts of protein, oil, and phosphate ^intro- 
duced and the slightly sweeter flavour of germ 
bread. The germ contains 10-12 p.c. of oil, 
which, it is ^stated, can be used for the pro- 
duction of margarine. Under war conditions 
in Germany arrangements were made to 
collect the germ from the mills and extract 
this oil. The residue of the germ yields a 
valuable protein food. The germ also contains 
such vitamines as are present in the wlioat- 
graiu. If the vitamines winch are considered 
as essential to the maintenance of health, 
are to bo 'obtained from none of the oilier 
foods eaten m the dietary, then wholemeal 
breadSvill have obvious auvaiitages over tliat 
made from white flour. However, m actual 
practice this is not the case. 

The desire fof' more phosphates can bo met 
by the addition of jjhusfftioric acid to the flour, 
as is indeed being done at the present moment 
during the mdlmg process m order to improve 
the quality of flour (r/. Huiuphnes, Eng. L^at. 
13135 and 17279^’ of 1908; Chitty and Jago, 
Eng. Pat. 22434 of 1909 ; Levin, Eng. Pat. 
3073 of 1910). 

Under the stres.s of war conditions both 
milling and Jiaking practices were altered, and 
every effort was made to render the maximum 
possible proportion of the wheat gram available 
for human food. Millers were only allowed 
to manufacture straight run flour, and the 
percentage to be extracted from wheats of 
various origin was laid down in numerous 
orders under the Defence of the Kealm Act. 
This amounted to 81 p.c. for English and hard 
Mlanitoba wheats, md 83 ]).c for Indian and 
Australian varieties. In addition, not more 
than 26 p.c. and not less than 10 p.c, flour from 
other cereals was to be mixed with the wheaten 
flour. Bread was to be at least 12 hours old 
before it was sold.^ 

Authoritieti, — Jago, Science and Art of 
Breadmaking, London, 1911 ; "Hutclmison, Food 
and.the Principles of Dietetics, London, 1911 ; 
Wfimti ’ Brit. Ass. Report, Winnipeg, 1909 ; 
Hamill, Local Govt. Board, No. 114, 1911. 

E. F. A. 

BREAD FRUIT, The fruit of Artocarpus 
incisa (Linn.). The tree grows freely m tropical 
f islands, and yields fruit continuously for 9 months 
in the yeaf. The fruit is nearly spherical, and 
sometimes weighs 6 or 6 lbs. It is usually 
gathered while yet unripe, ».e. before its starch 
has changed into sugar : sometimes the unripe 
fjCgit i§ peeled, wrapped in leaves and cooked 
whole, cwhen a product resembling ordinary 
bread is obtained ; or the unripe frmt is dried, 
powdered, and sifted, yielding a flour which has 
the following composition : — 

Water Protein Pat Staich Fibre A^h 
. . ^ 10 0-2 83*8 0-2 0-4 

*^BaHtnt J. T^arm. Chim. 1903, 17, [10] 476). 

The l^ves ai^ wood of Artocarpus incisa are 
devoid of colouring matter (A. G. Perkin, 
'Cham. Soo. Trans. 1898, 73, 1019). A closelv 
- U'^rtocarpus integrifolia) bears a still 

fruit, * jak fruit,’ weighmg about 25 lbs., 


of which about 26 p.o. is flesh, the remainder 
being iind 66 p.c., and seed 8 p.c. The flesh, 
wheid pipe, contains about 5 p.c. of sugar, mainly 
cane sugar (Prinsen, Geerligs, Chom. Zeit. 1867, 
21 , [721719). a I. 

BREAN V. Oleo-kbsins‘. 

breezes. {Braise, 'F t.) The dust of coke 
or charcoal. The coke burner applies this term 
to the small residual coke obtained in coke 
burning. The sifted ashes removed from houses 
is called ‘ breeze,’ and sold under that name to 
briokmakers and others. An arrangement for 
burning breeze is described m J. Soc. Uhem. Ind. 
5, 425 ^ 

BREMN, BREIN V. 0LKO-iHi.SLNS. 

BREMEN BLUE and BREMEN GREEN. 

Pigments containing a basic copper carbonate 
with alumina and calcium carbonate. 

BREWING, Beer is made from water, 
malt, and hops. Raw, prepared gram, or sugar 
is often substituted for a portion of the malt, 
and same other vegetable bitters occasionally 
for a portion of the hops. 

Water used in brewing must be free from 
sewage pollution, poisonous metals, or sub- 
stances which may affect the flavour of the 
beer, such as iron. 

The composition of the water used in mashing 
has an important effect on tlio final product. 
Indeed, it may be considered that the reputation 
of the best-known brewing districts was initially 
duo to their natural water supplies. The 
following table gives the amounts of the more 
important constituents of some of these waters. 
The ligures represent parts per 100,000 : — 


•' 

Burton Dublin 

Liuulon Munich 

Pilaen 

UaO 

20-40 

14 

2-10 

10-20 

4-10 

MgO 

r«-15 

1 

1-2 

3-4 

2-4 

SO 3 

40-80 

1-4 

1-20 

2-4 

2-14 

UOa 

15 

10 

4-35 

10 

3-5 

Cl . 

4 

2 

2-10 

6 

i-4 

NejO and 
KjO 

6 

1 

4-20 

_ 

2 

Nitrates . 

2-10 

__ 

__ 

— 

— 


The Burton watery, by means of which are 
produced the tincst pale and strong ales, are 
characterised by calcium sulphate with smaller 
quantities of carbonate, and magnesium sulphate 
and carbonate. Small quantities of chlorides 
and nitrates are usually present, even in waters 
which arc free from , sewage pollution. The 
amount of ca’cium sulphate varies considerably 
in the different wells, owing to the unevec- 
distribution of the gypsum in the formations 
througli which the water percolates. 

The Dublin water used in brewing the well- 
known stout has its chief constituent, calcium 
carbonate, removed by boilmg before use, so 
that as used in the mash tun it is a very ]pure 
water. 

The London waters are used for beer and 
stout brewing, but although the beers are not 
much Lno\vn outside thg d&trict, London porter 
has more than a local reputation. They are 
chiefly characterised by calcium and s^nm 
carbonate ; sulphates and chlorides ore also 
usually present., Some show a high aOaouiit Of 
sodium chloride, and are, pp doubt, contaminated 
by sea wateit and if more than 100 parts. NaOl 
per 100,000 ore present are unsuitable fo» 
brewing, 
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• TyriCAL Spikes of 'itie Four Species of Oultinmtef IUrlky 

A, Hordeum vulgaro; B. Hordciim intermedium; Hordeum distiolium^ 
J>, Hordeum deficiena. 


^ / s 



Spikes of Fouj Forms of Barley, showing Several Common Characters, 

A i? hooded ; ^ and D are awned ; C is awnless ; A and B are naked ; C and I) are 
hulled ; A, B, and C have narrow outer glumes, and D wide outer glumes. ^ 


Fig, 1 .— Varieties of Barley. 
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The Munich waters are very similar to the 
D^lin waters, and the dark fun-flavoure<yager 
is their product. 

The Pilsen waters are extremely piif’e, and 
in the small amount of salts the carbonktes do 
n6t dominate the sulphates, as in the Dublin, 
London, and Munich waters. The lager beer 
produced is a pale and delicate beer. 

Waters Containing sodium chloride riip to 
50 parts per 100,000 are considered suitable for 
brewing mild ales. 

Where the natural water does not conform 
to one of those typos, it is usual to make some 
attempt at imitating it by the addition of one 
or more salts. Thus, if pale ale is to be brewed, 
calcium sulphate or chloride is added ; if mild 
ale, a smaller proportion of calcium salts and a 
little sodium chloride. For brewing stouts, the 
wat^ is softened by the addition of suitable 
salts. In general, calcium and magnesium 
carbonates are removed by boiling or by heating 
under pressure with agitation. 8uch treatment, 
although resulting in a better beer, is said not 
to equal that obtained ''oy the untreated natural 
waters. 

Miicli has been written in order fo explain 
the effect of thjc dissolved salts. Waters con- 
taining calcium sulphate produce pale, delicate 
beers which clarify well ; calcium chloride 
appears to have similar effects, (Calcium salts 
remove much phosphoric acid. Malt always 
contains more of this tlian the yeast requires, 
and it is possible that a removal of a portion 
may be beneficial, although it is conceivable 
that under some conditions, such as tlio use of 
a large proportion of some malt substitutes, too 
much might be removed. Magnesium salts do 
not gvge sucli satisfaet ory results ; the beere 
have a reddish shade, and do not clarify so well. 
Sodium chloride produces a sweet flavoured beer. 
‘Calcium and magnesium carbonates give dark, 
harsh flavoured beers, which do not clarify 
easily, and these effects are accentuated if 
sodium carbonate is present. 

On the whole, the evidence indicates that 
although the nature of the dissolved salts has 
some effect, yet the chief results are due to the 
change which the salts produce on the hydrogen 
ion concentration when the malt is mashed with 
th^ water. 

*'The effect of acidity on enzyme action is 
well known, and the bad effects of alkaline 
waters are largely due to their restrictive effect 
on enzyme action. Schjerning (C. R. de. trav. 
du Lab. de Carlsberg, 1913, 312) measured the’ 
hydrogen ion concentration of worts made with 
waters containing various salts. He found 
calcium sulphate and chloride and magnesium 
sulphate and chloride, when about 1(X) parts 
per j 00,000 are present, all raised this from P'' 
6*4 to 6‘7. That sodium chloride and sodium 
sulphate had no effect, and that calcium and 
magnesitun carbonates lowered it. He also 
found that P** 6’5 was the most favourable for 
enz^e action on the carbohydrates, and 6*3 
for the proteid transformation, and that slight 
changes between this and 6*1, the normal 
of nptt worts prepared with distilled water* 
havi^ a miarkM effect on these actions. Sherman 
and Thomas (J. Amer. Chem. Soc. 1915, 625) 
And a‘P>' 4*2 to 4‘6 for the maximum diastatio 
Igtioa. The effects of these salts on enzyme 


action have been oonflrmed by other authors. 
H. T, Brown (J. Inst. Brewing, 1909, 216) 
and Weiss. (C. R. do Lab, de Carlsberg, 1903, 
216; ttoiKid that calcium salts increased the 
amount of soluble nitrogen compounds, tnd 
many others have observofi the effect on starch 
transformation. 

Malt contains primary and secondary phos- 
phates, and it is easy to construct an equation 
showing how calcium salts may increase the 
acidity, thus : — 


4K,HPO,-f3CaSO, 

r.2KHjP0,+3K2S04+Ca3(P0,), 


Other equations may be written, showing thfe 
formation of diealcium phosphate, but as 'this 
is also insoluble, the result will not be affected. 
It may be otherwise with magnesium salts, aa 
dimagnesium phosphate is soluble, and this 
may explain the less satisfactory effect of 
magnesium salts. On the other hand, Schjerning 
found them to have the same effect on the 
hydrwgen ion concentration as calcium salts. 

The preference of brewers for hard water 
for brewing beers thus seems explicable ; but 
the equally w(‘ll-e.stablished fact that soft 
water must be used for stout does not appear 
so evident. The lager beer brewers also find 
hard waters unsuitable. Some Continental 


authorities have gone the length of stating that 
the most suitable brewing water for all purppses 
is water free from dissolved salts, but the faith 
of the pale ale brewer in his sulphated water 
remains. See also 0. Miskowsky, Zeit. f. d. ges. 
Brail. 1911, 49 and 97 ; Windisch and Goldacker 
(Jahresber des. Ver. u. Lehranstalt f. Brauerei, 
Berlin, 191^ ; Read- 
man, J. l§oc. Chem. 

Tnd. 1894, 301; Lott. 

Trans. I. Br. 1897, 344; 

Matthews, Trans. 1. 

Br. 1893, 109, and 175). 

Malt is made from 
barley, occasionitily 
from wheat or oats. 

Barley used for malt- 
ing is mainly of fot^r 
different varieties: — 

Fig. 1. 

A. Ilordeum vul- 
gar e {J^xaslichum), 

found in commerce , 
as Chilean barley, 
sometimeseSyrian. 

B. H or deum inter- 
medium, found * in 
commerce as North 
African and Smyrna 
barley. Bere. 

C. Hordeum dis- 
Hchon, found in com- 
merce as Goldthorpe, 

Chevalier, &c. 

D. Hordeum defi- 
cieits, Bulletin 622^ . 

Bureau of Plane 
Industnr, Washing- * 
ton, U.S.A. 

The barley com 

consists of three chief narts, the covering* (the 
palese (P),*the endospenn (fi), and the emhtyo 
(G)(Fig.2)* 
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The coveriii^ contain the greater portion 
of the cellulose and cellular matter, and % larger 
proportion of ash than the remainder of the 
com ; the endosperm contains the dtar^ and 
some reserve proteid. 

The six-rowed barleys, the first two on the 
above list, are smaller than the two-rowed 
barleys, roughly in the proportion of 3:4; 
the proportion of endosperm to the remainder 
of the com is smaller, and consequently they 
contain less starch. The chevalier barleys con- 
tain a less weight of skin (paleie) than the 
goldthorpe. 

Trhe following table summarises the most 
trustworthy data obtained from the analyses 
of barley. Whilst the relative amounts of the 
constituents differ, the same substancen are 
present in all ripe barleys used in malting, 
whether of different varieties, or grown under 
different climatic conditions. Barley may be 
considered as normally containing 14 p.c. of 
moisture. « 

Average Composition of Dry B4rley. 


Starch .... 50-()0 p.c. 

Gums .... 9-10 ., 

Nitrogen compounds . 8-14 „ 

Sugar .... 2 „ 

Fat .... 2-3 „ 

Cellulose and fibre . . 16-,30 ., 

Ash ; . . . 2|-3i „ 


The gums are hydrolysable to glucose, 
arabinose, and xylose (Lindet, Compt. rend. 
1903, 73; O’Sullivan, Chem. Soc. Trans. 1882, 

1 ; Brown, Trans. Guineas Lab. 1906, 312). 

Nitrogen compounds. 45 p.c. are insoluble 
in water and alcohol; 35 p.c. insoluble in water, 
but soluble iu 75 p.c. alcohol (hordeino) ; and 
20 p.c. soluble in water (leucosfh, edostin, &c.) 
(Osborne, Amor. Chem. Soo. 1895, 639). 

Sugars consist chiefly of cane sugar with a 
little raflSnose and glucoic (O’Sullivan, Chem. 
Soc. Trans. 1886, 68). , 

Fai contains 78-> p.c. neutral fat, 14 p.c. 
free fatty acids, 4 p.c. lecithin, and 6 p.c. choles- 
terol (Stellwaag, Zeits. f. d. ges. Brau, 1886, 
176). 

Cellulose and fibre. About one-third is true 
cdlulose. 

Ash consists chiefly of silica and potassium 
phoiiqihate; probably in the barleys the phos- 
phorus is not present as phosphate (Windisch, 
C. C. 1906, 1573). A lipoid or diamino phospha- 
tide has ]^en identified. Barley tlso contains 
Byrnes, including a diastase of translocation* 
which does not act on starch paste, but sacchari- 
fises soluble starch (Kjeldahl, C, R. Lab. Carls- 
berg, 1879, 129; Ford and Guthrie, J. Inst. 
Brewing, 1908, 61). 

Malting consists in the partial germination 
of the grain, by first steeping it in water, then 
allowing it to grow to a definite amount, and' 
then stopping the process by drying by heat. 

The object in malting is to so modifcr the 
cell walls of the endosperm, and produce enzymes 
that in the mash tun^the starch may be readily 
dissolved ; to do this with the least loss by 
respiration or rootlet; without transforming 
too much of the insoluble protetds into soluble 
compounds; and avoiding the production of 
undusirable decomposition compounds by moulds 
or bacteria. 


It is evident that the first essential m a 
suit^lo barley. Such a barlpy must be mn^re 
in the^ widest sense of the word. If ^ is, then ^ 
all th^ grains will, under the proper conditions, * 
germinate evenly. It must be uniform in 
size in composition, both chemiOally and 
morphologically. It must be free from damaged 
corns or foreign grain. Other tilings being equal, 
barleys with a high nitrogen content are not 
so satisfactory. 

Elaborate schemes have been drawn up in 
Germany for the valuation of barley, based on 
ff system of mift’king of pomts, but they are too 
cumbersome for ordinary practice. Experience 
enables a fair judgment to bo made of the 
malting value of a sample. Unless a barley has 
boon harvested under the best cjjmatic con- 
ditions, it is founctiAat its uniformity of germi- 
nation is improveily drying on a kiln, emd this 
18 a common praeflvee. Also that storage for a 
few months after harvesting is for the same 
reason advisable. ' j 

The malting proi^ss is commenced by 
steeping the gram in water. The steeping 
cistern is usually* of brick or iron, and provided ‘ 
with a perforated iiottom for drawing off the 
water. • 

It is usual to use a moderately hairi water, 
such as would form a good domestic supply, 
but as some authorities advocate the adcution 
of lime-water, it would appear that a slightly 
alkaline water is quite suitable. '* 

Two or three days are necessary at a tem- 
perature of 10‘'-13° 0. (50"-56" F.) ; the thicker- 
skinned varieties taking the longer time. About 
50 p.c. of water is absorbed, and the grain 
becomes quite soft to the finger-nail. 

One of the inner coatings of the baiiey Ibain 
is semi-permeable, and will not allow any of 
the soluble constituents to pass from tlje 
interior, nor admit anything but pure water 
from such waters as are likely to be employed 
for steeping (A. J. Brown, I’roc. Roy. ooc. 
1909, 81). A considerable Amount of matter is 
extracted from the surface and outer skin of 
the grain, and, of course, fr^m the interior of 
damaged corns. As numerous bacteria, &o., 
are always adherent to the surface of the 
barley, the water soon becomes putrid, and it is 
therefore customary to change the steep water 
several times. 

The drawing off and renewal of the water 
aerates the steeping barley, and this is found 
to be beneficial. 

Too long a steeping impairs the vitality of 
the com, and too short does not allow sufficUnt 
water to be absorbed to carry on the germination 
sufficiently. 

It is probable that germipation comiiences 
during 8teeping ,|but the amount of change is small. 

After steeping, the grain is thrown •out of 
the cistern on to the growing floors. These are 
made of cement or tiles. Chitting soon b^^, 
leading to the production of rootlets, ana the 
plumule begins to grow. Owing to the adherence 
of the paleae, the plumule grows up tHI side ef • 
the com under those, and does not emeree a 
until it reaches the distal end of the grail. The 
rootlets emerge from the proxftnal end of ^e 
grain. These outward appearances of genniha* 
tion are accompanied by profound change in l^e 
interior of the grain. • 
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fc Germination is an eniymio process of 
demolition, followed by a buildinff*iip. The 
embryo pecretes enzymes, which break doW into 
a soluble form the reserve matters of th^! endo- 
sjiprm, and.. utilise them for its growth, i So at 
any stage before germination is oomplefe there 
will be a whole series of compounds present in 
the grain from* complex to simple, and again 
from simple to complex. 

One enzyme, cytase, attacks the walls of the 
starch cells ; this action is most important, as 
on its completeness depends the tenderness of 
the malt. The walls of the ' starch cells of 
various barleys differ matenally in their 
tendency to ready dissolution. Generally those 
barleys most prized for malting arc those in 
which the «:.ell walls give way most easily. These 
cell walls must be broken down before the 
starch is available ; the products of their i 
transformation form an important food for the 
first growth of the young plant. This dis- i 
solution not onlt prcecdes starcli dissolution, but j 
proceeds more rapidl}?,^ and this fact renders 
it possible to attack the greater parts of the ) 
cell walls before the starch is to any great i 
extent dissolved. Tlie diagram (Fig, 3) shows , 
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the process (Brown and Morris, Chem. Soc. 
Trans. 9890, 469). A at 3 days, B at 6 days, 
€ at 10 days. 

attacks the starch and transforms 
it into sugars, fart of which are still found in the 
nnished malt, part utilised by the embryo and 
part oxidised by respiration to carbon dioxide 
and water. Proteolytic enzymes attack the 


reserve protoplasm (Weiss, IPV. 1904, 386); 
there .are probably ajso fat splitting enzymes, &o. 

Those shanges are affected by temperature, 
araoimt of moisture, aeration, and the business 
of the maltster is to control them. This he 
does by turning the malt, spreading it in thick 
or thin layers, sprinkling it with water, and 
regulating the temperature of the malthouse as 
best ho may. Tf the temperature be allowed to 
rise above 12'^- 13° (65° F.), increased enzyme 
action leads to larger rootlet production and 
respiration^ losses. Increased temperature, ac- 
companied by increased moisture, leads to 
increase in both proteid and starch degradation 
produets in the finished malt (Brown, J. I. Br. 
15109. 190) If too much water be given the 
plumule (acrospire) grows too fast. Both 
exees.s and deficiency of water reduce oxidation 
and rootlet growth. If the carbon dioxide of 
re.spiration i.s too much chspersed by excessive 
turning and the grain is too much aired, there 
is excessive rcspiraMon loss. Too little oxygen 
impairs the necessary germinative changes 
(Schjerning, (A Li. J.ab. (Jarlsberg, 1910, 169; 
Brown, J. In.st. Brewing, 1907, 394 ; and 1909, 
170). The grain having grown several bushy 
rootlets, and the aerospire from 2/3 to 3/4 up 
the grain, it should have arrived at the proper 
state of endosjierm modification ; that is, the 
cell walls should be broken down. 

(r)0°-66°F.) is considered the most satisfactory 
growing temperature (Day, C. J. 1891, 664; 
Blaber, Browers J. 15)07, 359 ; Weiss, C. 0. 
1904, 373). The time on the floor necessary for 
Ihis 18 from 10 to 12 days at the usual malting 
k'mporaiure (50°-55°F.), the thin six-roweu 
j varieties t^e longer. Some Continental malsters 
floor the malt for a shorter time, but they 
are satisfied with a less modified malt. 

In order to save the considerable amount of 
labour and space nepessary in a floor malting, 
and to obtain more command over the tempera- 
ture, several other, germination methods have 
been devised ; these go by the general na^ of 
pneumatic malting. The steeped barl^ is 
jilacod in rotating drums which are supplied 
with cooled saturated air, the amount of which 
may be regulated at will. The difficulty is, 
that in cooling the malt by a current of air 
excessive ^ respiration takes place, and this 
often at F.e later stage of germination, when a 
i check on respiration is most necessary. A 
i method of overcoming this is to conduct the 
final stage of germination in the drum or in a 
box in which the carbon dioxide is alloweuio 
accumulate. 

The grain is now ready for the next process 
that of drying. 

The kiln consists of a tall building adjewent 
to the growing floor. On the ground flooy is 
one or more fire baskets for burning coke or 
anthracite coal, or a furnace for heating air in 
case the drying is to be done without bringing 
the products of combustion in contact witfa the 
malt. The former is Che British plair, the latter 
the Continental Above the fire baskets or 
furnace, is a floor or two floors of perforated . 
tiles or wire mesh, on which the grain to !:« 
dried is loadW^, and abov% is a roof witli a 
cowl or oilther suitabls^ ventilating appEaiioe 
with adjustable openings. The an* inl^ oiin 
the ground floor are also capable of reguMpt^*.; , 


1^0 flooTS) tile dryiz^ is 
f tloor and finished on the 
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If the kilii’ i 
hfignn on the^ 

bottom floor. * 

The malt being loaded in the 4dln, the 
temperature is slowly raised so that abdut 
66° (160° F.) is reached in three days, when the 
temperature is further raised to 93°-94° (200° F.) 
more or less, dependent on the kind of malt 
that is being dried. 

Owin^ to the slow rise of temperature, 
germination continues dunng the earlier stages 
of drying ; but as the temperature increases 
the vitality of the corn is destroyed, th^ enzymes 
being reduced or altered. The amount of 
• diastase in the dry malt is 1/3 to 1/4 of that in 
the green malt. In the last period empyreu- 
matic products are produced by the caramelisa- 
tion of the carbohydrates and protcids, and the 
well-known bisouity flavour appears. In order 
to produce this, the temperature and moisture 
must have a certain correlation. Too much 
water at a high temperature would produce a 
cooked product, anti too hUlo, not sufficient 
caramelisation. 

If the products of combustion are allowed 
to come in contact with the malt, care must be 
taken that the fuel used is free from arsenic, 

Coal and coke nearly always contain some, so 
that that variety must bo selected which does 
not contain more than 1/20 grain arsenic per 
pound. 

When the malt is dry, it is removed from 
the kiln and passed through a machine which 
first detaches the rootlets by beaters, and then 
separates them from the malt by screens. When 
^ cool, the malt is stored in air-tight bins until 
required for use in the brewery. If exposed to 
damp air, it absorbs nvi'^ture and deteriorates. 

rootlets or ‘culms’ form a valuable 
cattle food, a large part being dig^tiblo. Their 
composition is :■ 


Fat 

Proteids . 
Carbohydrates . 
Oiilulose and fibre 
Ash . . • 


1-2 p.o. 
24-28 
42 * 48 
11-15 
6-7 


100 parts dry (Jhevalier Parley yield on the 
‘ malt ; 4 p.c. is lost in rootlets, 
. S. Beaven, J. Inst. 


Ammonic 

Albumose wi^en . 
Peptorfe nitrigen . » 

Amnle and amine nitrogen ^ 
Or^nio bases nitrogen 
(Ijetaine, choline) . 
Unaccounted for 


m 


3‘6 p.o. 
20 „ 
31 „ 

8-6 

4 ,> 

33 „ 


foo. 


average ^ 

and 7 p.c. m respiration (. 

Brewing, 1902, 687). u ^ \ 

iChe changes which take place whetf barley 
is converted into malt are complex. In a 
normally malted barley about 60-70 of the 
nitmaen compounds are in some way altered, 
andabout 36-40 p.c. have passed from the 
endosperm to the embryo. Some of the rntro- 
aenous compounds are removed with the rootlet, 
So that malt always contains less than the barley 
from which it is made. On the whole, a large 
nroportion of the insoluble albuminoid of barley 
li still insoluble in the malt; the hordein is 
nadlv converted into a similar body, bunm, 
^ partly into soluble nitrogenous compounds 

’ S' M# lurther d^raded. 
' kto non^ioii^tle nitrogenons matto of 

; ir*tobl« k oold wate b “ 

' (H, T. Brown, Inst. Brevsig, 1907, 

4ia)i 

rf,. Vou 


When mashed, the soluble nitrogen sub- 
stances will be increased about 60 p.o. 
Schjerning (C. R. Lab. (’arlsbcrg, 1910, 387) 
states that 20 p.o. of the total nitrogen of the 
malt should be try})tic decomposition products 
(ammonia, amine-amid), and that 6 or 6 p.c. 
of the total nitrogen amount occurs in the wort 
as albumin (leucosin). About one^third of 
the total nitrogen of the malt is soluble on 
mashing. • 

From 16 to 18 p.c. of the starch has been 
transformed into sugars— the greatest portion 
(9-L5 p.c.) is found in the malt ,a portion has 
been utilised by the groiyiing embryo, another 
portion is removed by Cne rootlet, and some 
has been lost by respiration. 

Malt is always mqro acid than barley, and 
it has been suggested that as it usually contains 
less fat than barley, a portion of this is due to 
saponification and corresponding liberation of 
fatty acid. The increased acidity has also, 
been attributed to the work of acid-forming 
bacteria during the flooring and early stages of 
the drying. 

Malt contains fats containing free fatty 
acids and unsaponifiable matter; also a 
lipoid (diaminophospliatide) (Liiers, Zeitsoh. 
ges. Brau. 1916, 97, 125). 

Malt, like barley, contains amylans or«umB, 
but we know nothing of the change produced 
in these by malting. * 

The cellulose and fibre are*very slightly, if 
at all, affected by the malting process. 

There is a little less asli ,in malt than in 
barley, as the steep water dissolves about one- 
tenth of it; the constituents are, however, 
unaltered. 

One of the mo8t> important facts for the 
brewer is the proportion of the molt soluble in 
the mash tun. This includes all the water- 
soluble compounds of the malt and those trans- 
formed into soluble compounds by enzymes at 
the mashing temperature. The chief of these 
i is starch, but some of the insoluble nitrogenous 
substances are also rendered soluble. 

The ‘ extract ’ varies from 76 p.o. or more^ 
for the best two-rowed varieties, such as 
English,, Hungarian, &c., to 70-73 p.o, for 
Cafiforman and Smyrna, and is as low as 
66 p.c. for some of the very “thin six-rowed 
North African varieties. ♦ 

There is probably more than one amylase, 
perhaps two; one liquifies, and one swoharl- 
ties ; But there may bo more. It is said that 
amylase may be extracted by a 60 p.o. aqueous 
solution of glycerine or a 3 p.c. aqueous ^Uon | 
of pyridene, and that such extracts will retain 
them activity for years. Maltase is also pr^i^t 
(Marino and Fiorentino, Gazz. chili, ital. Iwu, t 

» Chiefly asparagine, a little leucine and tjnwdne 
and a trace of auantoln. 
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396; Davis and Ling, Chem, Soc. Trans. 1904, 

m ^ 

^ A proteolytic^ and two pefitolytfo enzymes 
are present, the former with an optimum tem- 
perature of 66°-68° C., and the latter 26^37^* C., 
the first is destroyed and the others * greatly 
weakened at 60° C. » 

Also peroxidase and catalases which exist 
in barley ^increase during germination and 
decrease by kilning (Van Laer, J. Inst. B»-ewing, 
1900, 313 ; Sehjerning, C. R. Lab. Carlsberg, 
1910, 200). . ^ 

Malt, as it loaves tho kiln, is free from 
moisture, but on exposure it* quickly absorbs 
a small percentage. Care must be taken that this 
does not exceed 3-4 p.c., or the malt becomoq 
slack and deteriorates. Unknown (possibly 
proteolytje) changes take place which render it 
unfit for brewing. 

As already stated, a portion of this malt is 
often replaced by substitutes, in 1916 British 
brewers used 70 p.c. malt, 1 p.c unmaltcd 
grain, 0 p.c. mLize, nee, and other preparations, 
10 p.c. sugars. American brower.s used large 
amounts of raw gram or maize grits. German 
brewers in pre-war days u.scd no malt sub- 
stitutes, but some used partially malted barley, 
which more neariy resembled barley than malt. 
AlthiAigh no doubt unmalted grain, maize, rice, 
and their preparations are used on the score 
of economy, the same cannot be said of tho 
shgar ; the use of this is considered to yield a 
beer that flanfies quicker, but the chief reason 
is, that a fuller (sweeter) beer is obtained. This 
is what tho public demands. 

Maize, rice, and their preparations are used 
either as grits, consisting of the broken up 
endosperm free from the germ and coverings, or 
as tliC same material fiaked, i.e. a form in 
which the starch has been partly gelatinised 
, by moisture and heat. 

Tho sugars fh common use are raw cane 
sugar (not raw beet sugar, which contains 
nauseous impurities), refined cane sugar, invert 
sugar prepared by inverting with weak acid 
raw cane sugar and purifying the product, and 
glucose prepared by the action of acid on 
starch {q,v.). 

Hops give to beer its w^l -known flavour, and 
act as a preservative. They also fulfil other 
intportant functions in tho course of browing. 

A characteristic pecu- 
liarity of the bitterness 
of hops is that it is tran- 
sient, after tho beer is 
swallowed the bitterness 
at once passes away. 

The ripe female flower 
is the part used in brew- 
' iiig. This consists of a 
cone of bracts (6), At 
the base of tho bracts 
are the seeds and lupulin 
glands. Owing to tho 
absence of male plants 
in the Continental gar- 
dens the hops are seed- 
■ less. English and Amo- 
* rican hops are seeded 
i'b * owing to the presence of 

^*4 few male plants in the gardens. There are good 
;;^e9,scms for Doth these practices, dependent on the 
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(Ftotn PercivaVf Aifieul- | 
V- DuckworVi , 
Vo.) ^ 


variety of hops grown. In fth experiment mode 
on English hops it was found that seeded hops 
contained 16 p.c. lupulin compared with 17 p.o. 
in the same variety seedless, but as the yield 
waB*mifch larger in the first ease, 147 lbs. 
lupulin per acre were obtained in the one case 
against 92 lbs. in the other. 

Tho brewing value of the hop depends mainly 
on the lupulin. The amount varies very greatly, 
from a lew p.c. up to as much as 20 p.o. of 
the weight of tho hop. It contains essential 
oil, wax, resins, and one or more alkaloids, 
&c 

The essential oil forms 0‘2-G‘8 p.c. of the 
liop.s. It is easily soluble in alcohol and ether, 
but only in 600 parts of water. Its principle 
constituents are an aliphatic hydrocarbon 
myrccnc C,oHj6, b.p. 10r)°-168°, and a sesqui- 
terpene hmmilene, b.p. 263°-266°, those form 
80-90 p.o. of the oil. There are also oenanthylic, 
caprylic, and pelargonic ethers of myrcenol 
(C10II17OH) (Chapman, Chem. Soc. Trans. 
1896^ 783; 1903, .,605; and Rabak, J. Inst. 
Brewing, 1915, 76). 

Most of the oil is volatilised when hops are 
boiled with the wort, but as hops are also added 
to tho finished boor, the oil from these latter 
will remain. 

The resin is said to consist of two crystallis- 
able slightly acid bitter substances soluble in 
petroleum spirit, named the a- and jS-resins, and 
a resin (7-re8in) insoluble in petroleum spirit, but 
soluble in alcohol and not precipitated by lead 
acetate. 

All three are soluble in ethyl-ether and 
metliyl-alcohol. 

The a-acid CaoHsoOg, m.p. 66° C., precipitable 
by alcoholic lead acetatq, may be oxidised to 
[ valeric acid, the ;8-acid not precipitated by this 
reagent is Ca^II^eO^, m.p. 92°-93° C., on oxida- 
tion yields a yellow resin ; the 7-aoid is stated 
by some authorities to bo tasteless and valueless 
I in brewing, and by others to have a slight bitter 
I flavour and to bq capable of coagulating some 
albuminoids from worts. 

Autliorities differ as to which of the first 
two are the more valuable in brewing; the 
3- acid is usually* present in largest amount. 

I Both of these are easily changed by heat or 
j storage into insoluble and presumably less 
valuable resins. • The a- and 8- or soft resins 
I may bet estimated in hops by extraction with 
petroleum spirit, which also extracts the wax ; 
this may be removed by extracting with 
methyl ofiier, in which tho wax is insoluble, 
and weighing the .amount extracted ; or tittfJHng 
this with N/goKOH, using phenolphthaleiiiaS 
taking 1 c.c. of normal potash as equal to 0’40 
gram resin. There is considerable ‘disepepanot 
concerning these resins in the literature |Jb# 
subject. ' 

About 2-6 p.c. of tannin is present ih bops ; 
whetjier tliis is of value as an albuminoid pre- 
cipitant is uncertain. Hops also contain 0*6- 
1 me. nitrogen compounds soluble in hot Water 
(Chapman, Chem. goc. Trans. 1914, 1896 and 
879). Small quantities^ of alkaloids are present 
in hop, and choline has been identified; idin 
carbohydrates, fibre, ash, and moisture. An, 
oil can be sextracted from the seeds. Hops 
contain d|^astase. « 

Power, Tutten, and Rogerson (Chem, Soo. 
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Trans. 1913, 129i) examined the alcoholio 
extract whioh was insoluble in water and 
amounted to 14 '1 p.c. of the hops exaii^ined. 
These were New Kent, contaiiung* iO -6 p.o. 
water, 2*4 p.o. tannin, 7*9 p.c. asif. «j4ey 
isolated from it : — 

Ceryl alcohol hentricontanc Caiil#!, 

A phytosterol A phytosterol glucosido 

^ 33 ^ 68 ^ 8 . A mixture of volatile fatty acids, con- 
sisting of formic, acetic, butyric, vah’iric, and a 
hexonoic CgHjoGa, b.p. 204"-208“, and identilied 
as a-i«oprop^lacrylio acid and a little nonoic 
acid 0 oHigO 2 ; saturated 
and unsaturated non- 
volatile acids, including 
palmitic, stearic, and 
(■orotic acids, and an acid 
('.oHioOo, m.p. 62*5"- 
93"’, appaiently an i.so- 
mci ide of arachidio acid, 
cluytonic acidC’gi II 42 O 2 , 
m.p. () 9 ° ; humulol 
GitIIisGj, m.p. 190”, 
with a bitter taste* and 
xanthohiimol C 13 U 44 O 3 , 
m.p. 172”, tasteless. 

It thus appeals that 
the bitterness of hops is 
not due to any single sub- 
stance, but is to be attri- 
buted to a number of pro- 
ducts, most of which are 
aniorph- 



The antiseptic value of 
hops is considcred to be due 
to Uio 'soft (a- and 13-) resins, 
but experiments made on the 
toxic power of aqueous hop 
extract on bacteria do not 
altogether confirm this. It 
was found that the volatile 
constituents have no anti- 
se^o power, that tive-sixthi^ 
of^the antiseptic power was 
extracted by one hour’s boil- 
ing with water, but that under 
these conditions not much of the soft resins 
was extracted, and the portion extracted seemed 
to be changed to the hard or insoluble resin. 
The antiseptic substance Was present in true 
solution, and compared with other antftieptics 
was weight for weight more toxic to ^er 
bacteria than salicylic acl^ or potassium fheta- 
bisulphite (Brown, J. Inst. Brewing, 1910, 641 : 
and 1913, 201). • 

It thus appears that the nature of the 
preseryative suostance of hops is still to be 
determined, and that tj^ie value of the results 
obtained from estimations of the so-talled hard 


and soft i^sins is doubtful. In practice emr^cal 
methods are employed for valuing hops. Th^e 
are based ‘on the ‘ feel ’ an(i ‘ aroma ’ of #ne 
hops when rubbed between the hands. JThis, in 
experie"oed hands, enables a judgment to be 
made of flavouring and preservative values. 
It soeiAs likely that the judgment so arrived 
at on the preservative power is often erroneous ; 
but in the present state of the chemistry of the 
hop n(S more trustworthy means is Available. 

Hops are sometimes contaminated by arsenic 
derived from the fuel used in the kilns in which 
they are dried. To avoid this, hot air is often 
used, the actual (Combustion products not coming 
into contact with the hops. Hops are usually 
exposed to sulphur dioxide when drying in the 
kiln. This improves their colour and otherwise 
appears to have no ill effect. Freo^ulphur Ls 
also found in hops ; this is due to the application 
of sulphur to the hop plant for the prevaaition 
of mould, or may possibly occur when sulphuring 
hops on kiln by incfimplete combustion and 
volatilisation of some sulphur. # 

Sulphur is transformed by yeast into sul- 
|>hiiretted hydrogen, wnich, if introduced into 
the finished beer, may spoil the flavour. It may 
bo detected and estimated by the amount of 
stain produced by the cvolvcJ gases on lead 
paper. * 

Patent, roasted, black, or chocolate malt is 
made by roasting already prepared and usually 
short grown malt in a rotating cylinder. Ton 
p.c. of this malt gives to stouts aiiii porters their 
colour. 

Brown malt is dried in a special kiln, on 
which a high finisliing temperature is obtained, 

I , I beech wood being the fuel used. 

Amber and crystal malt aie prepared by 
lu'ating malt in cylinders, but tlie roaiting is 
much less than in the prejiaration of black 
malts. Brown, amber, and crystal malts. 

besides being u^d in stout brew- 
ing, are also used to give colour to 
mild ales. 

(■ara?nd, luade by heating 
sugar, IS mBo emphiw'd for colour- 
ing .'iloiit- and bow'i The heating 
IS done in tin* presences 

an alkitli (iuninonia), as in this way 
intense! 
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(Ohera. Soc. Trans. 1917, 689-608). V, CaeajjbiI 
The first stage of actual beewiho u the 
grinding of the malt. If the malt werc(% 5 om- 
pletely modified, that is, if the cell walls of the 
starch cells were completely disintegrated, this 
would be a ooiaparatively easy matter, and the 
simple method 01 j ust crushing the grain between 
two plain iron rollers would be all that if neces« 
sary. Although malt never is perfectly modified, 
yet much that is made is sufiSciently so IBr 
method to be employed in mfny breweries., ; 
Still even with the best malts, when emshed 
this method, it is possible to detect starch hj 

a 
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the residue remaining in the mash fun after 
extraction is completed. This is due to the 
faw, as has already been described,* that dis- 
solution ^ of the Sell wall proceeds frctoi the 
proximal to the distal end of the grairl; and 
that as even the finest barleys do not germinate 
absolutely evenly, to avoid excessive loffc from 
overgrown corns, the process must be stopped 
in many corns" before its completion, so that 
there must be a number of corns contakiing a 
smaller or greater ‘ hard end.’ 

In order to reduce these ‘ hard ends ’ to a 
condition in which they will dissolve in the mash 
tun, they must be finely ground. If the whole 
com were finely ground, the extraction would be 
so slow as to make the process unworkable. 
Mills have therefore been devised in which the 
roughly crushed malt is separated by sieves and 
air currents into various portions, and the grits 
and Ipird ends finely ground and re-mixed with 
the remainder of the crushed malt Fig. fi is a 
modern malt mill. 

The gnndin/^ is lujually preceded by treat- 
ment in cleaning raachy;iery, m which the malt 



is brushed, beaten, exposed to a current of air, 
and sieved. Thus stones, surface dirt, straw, 
weevily (empty) corns, and other foreign bodies 
are removed. 

The grpund malt is collected in receivers’ 
(malt hoppers or grist cases) until the amount 
required for the brew is complete. These 
receivers command the mash tun, the vessel inj 
which the malt and water are mixed. 

“ ^ S' diagrammatic representation of the 

masAg side of a brewery. 

Mash tuns (Fig. 7) consist of wood or iron 
vessels fitted with false bottoms of perforated 
metal plates. Pipes are connected with the 
boi^m of the tub for drawing off the extract 
^wcrt^ ' the upper portion, or above the 
tuii,jii^'mlqt 4 for the malt, hot and cold water ; 
imd an underlet for hot water is usually inserted 
in the bottom of the ttm. The tun is generally 
.provided with mixing gear (‘ram’). A 
fpr sprinkling *hot water on the surface 


of the mash is required, s6 that the grains may 
be thoroughly extracted, * 

At the proper tiuje, water at a pre-deter- 
miued teiqperature and the ground malt are 
misled. is done either by placing in the 
mash tun sufficient hot water and admitting 
the malt with constant stirring, or the malt and 
hot water are admitted together through a 
special mixing machine, a ‘ steel ’ masher being 
the one in common use (Fig. 8). The mash 
may now be treated by the ‘ infusion ’ or the 
‘ decoction ’ system. 

The infusion system is employed in the pro- 
duction of British beers. The mash (tempera 
ture about 05^-06“ (150°?.)) is simply allowed 
to stand for a couple of hours, and the infusion 
then drawn off, the insoluble residue (brewers 
grains) is exhausted by sparging with hot 
water. 

The decoction system is employed for the 
production of ‘ lager ’ beers. The malt is 
usually mixed witli water to give a compara- 
tively low temper^iture mash, 33®-49° (100°- 
120° S’.) (sometimes cold water is used), and 
allowed to stand at this temperature for a 
couple of hours; no starch degradation takes 
place, but it is a favourable temperature for 
proteid transformations. About one-third of 
the thick mash from the bottom of the 

tun is run into a copper (mosh-copper) 
and then boiled for half an hour, after which 
it 18 returned to the mash tuns; this raises 
the temperature of the whole about 30° F. 
After another interval, a further portion is 
withdrawn and boiled and returned to the 

mash tun, and this again repeated if re- 

quired. Tim mash is then treated as by the 
infusion sySlem. ^ 

Instead of being extracted in mash tuns, 
the mash may be pumped into a filter press, 
and in this way the wort separated from 
the insoluble residue. Special presses have 
been designed for the purpose. Larger extracts 
are obtained, as it, is possible to deal with finer 
ground malt. 

Wlicn the mixture (mash)^ is first made, 
there is a rise of temperature of 2°-3’ F. 
due to hydration ' or adsorption ; tlm drier 
the malt, the more heat is evolved. Starch 
transformation causes a rise of 0%>°P. Im- 
portant enzymic changes take place in the 
mash. The chief of these is the saccharification 
of the starch. There are also important 
proteolytic changes and other less important 
enzymatic Stetions. These changes are innuenoed 
by the temperature fineness of grinding, amdjht 
of dilution, duration of the process, and com- 
position of the mashing water, Ac. The 
temperature has a great influence on riie 
character of the starch transformation 
Starch). Brewery mashes are usually 
out between 63° and 68° (145® and 16S*P.), 
and about four-fifths of the starch is oon'^^ert^d 
into maltose; fi5®-66® (150® F.) is the optimum 
temperature for quantityv 

Proteid ttansfonaafion is most., active at a 
lower temperature, 46®-^® (118®-131®F.), but 
the action continues up to about 77® (170° F,). 
From 6 to It p.e- of nitrogen compounds SM 
rendered soltrole at 65® (li^® F.), and if Ihs 
decoction jiow tempera6ur6 is employed, aboiit 
3-4 p.o. additional, but the change is ehi^ 



in# the production of more lower - srade 
bodies. ® 

The fineness of grinding, as has alreadV been 
pointed out, will affect the amount* ezti'^c^t. 
but the composition of " 

the wort is not otherwise 
affected. • 

The extract increases 
with the amount of dilu- 
tion up to 6 water to 1 
malt, after which it de- 
creases. This is due to an 
increase in the quantity of 
starch saccharified, as the 
amount of proteid trans- 
formation decreases with 
the dilution. All the en- 
zyme actions reach their 
maximum amount within 
the first hour, or, at most, 
two hours. 

The effect of alterations 
of the mashing water has* 
already been described ; 
the more sparging water is 
ifted for extracting, the 
greater is the amount of 
nitrogen compound ex- 
tracted. For this reason 
brewers do not press the 
extraction too -far. 

When raw gram or grits 

are used as substitute for a portion of the malt, the 
starch of these must be first gelatinised by boil- 
ing, and this when mixed with the mash is sac- 
charified by malt diastase. It is stated, however, 
that if the material is finely ground, the starch 
can be aaccharified<n the mash tun by the malt 
diastase without previous boilii^^. Flaked grits 
will saccharify in the mash without previous 
boiling. 

Sugars ari' usually added to the wort in the 
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said to be used for this purpose) and heated by 
fixe or stqp-m. The amount of hops used v^es 
with ^e quality of the bear to be brewed. 
Ordimry mild ales require^ about 1* lb. per 



copper. 


The draff or ‘ grains ’ regnaining in the mash 
tun after extraction is completed, forms a 
valuable cattla food. 

It may be used fresh, 
and then contains 
about 70 p.c. water; 
in this state it does 
not keep well. 
dried, it keeps in 
definitely. 

The composition 
the dri^ pio- 
ckot is 

Carbohydrate 
Proteid 
Fat . 

Fibre 
Ash . 

Water • 


The mash tun woij(; as it flows from the mash 
tun is collected in a wort receiver or underback, 
and tbenoe is conducted into the coppers where 
it is boiled with hops. • 

These vessels, as their name hidloates, are 
made of copper (although iron vessels are cdso 


Fig. 7. 


barrel, bitter beers from two to thrtje times this 
quantity, and export and strong ales still more. 
The average amount used in the United Kingdom 
in 1914-15 wds 1| lbs, per barrel. Lager beer 
brewers use about | lb. hops per barrel. 

foiling with hops destroys the enzymes of 
the wort, increases the acidity, pnffeipitates 
coagulable albuminoids, hydrolyses some con- 
stituents, increases the wort constituents b|r 
the addition of the soluble portions of the hops, 
stenlises the wort, and darkens the colour, 
probably due to aeration caiising oxidation. 

The hydrogen ion potential increases by 



boiling with 1 lb. hops per barrel frftn 6 % 
5'5, and to 5 if 2| lbs. per barrel are ad^d* 
Proteid coagulation reaohea its wifeti miiiw 
after 4 hours boiling, about 5 p.o. of the t(M 
nitrogen is thus precipitated ; t^ gieaW ^ 
amount of hops the greater the amot^ pif 
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coagulation, tut as the hops contribute nitro* 
gAous compounds, the total amounji of nitro- 
geitbus bodies in Vie wort is not mucn affected. 

After boiling, the contents of the copj ers are 
emptied into the 'hop back, a vessel furnished 
wi^ii a false bottom of perforated plates by 
means of which the hops are strained fitim the 
wort. The lay^er of hops acts as a filter, and 
removes thf^ albuminoids and other matter 
precipitated by boiling. The hops reiifkining 
are either extracted witli hot water or pressed 
dry in a hydraulic press, the spargings or 
pressings, as the case may be, being added to 
the remainder of the boiled wort. The spent 
hops were formerly used as a manure, but now 
(1918), owing to the scarcity and high price of 
feeding stufi, arc used as cattle food, either 
fresh fronv the brewery or usually dried and 
ground and incorporated with other materials. 
The ffit'ied hops contain 22 p.e. jirotems and 3.') 

4 


p.o. assimilable carbohydmtes (Baker and 
llulton, J. Inst. Brewing, 1917, 466). The wort 
should run off from the hop-back quite * bright.’ 
It is jiovj^ dUowed to cool. Formerly only large 
shallow vessels were used, but now these vessms 
are of varying depth, or are sometimes dis- 
pensed with ; in any oaseP the wort remains in 
them only for a short time. The cooling is 
comidetod by allowing the wort to flow over 
refrigerators, vessels in which a current of cold 
water flows in tubes in the reverse direction to 
the wort which flows outside the tubes. The 
cooling stage is of considerable importance, both 
chemically and biologically. 

The wort, during cooling, throws down a 
dei>osit, partly due to the separation of calcium 
oxalate, some of which forms a scale on the 
coohng ve8.sel, and partly to a sejiaration of 
minute particles called gluten particles, and 
which ajipear to be a compound of proteid and 
hop tannin (Brown, J. Inst. Brewing, 1913, 84). 
This substance contains about JO p.c. nitrogen, 
it IS easily soluble in alkalis, and is reprecipitated 
by a trace of acid. It not only separates during 
cooling, but continues to deposit more or less 
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during all subsequent stages of brewing and 
storage. Although its total amount is small, 
pever reaching more than 1 p.c. of the nitrogen 
compounds, yet owmg to its fiability to form 
op||Mcent suspensions, it is of considerable 
importance. Agitation whilst cooling from 
49® (120° P.) to 27° (80° P.) is found to cause 
flocculation of these particles. 

During the cooling process, the wort absorbs 
oxy^n from the air. From experiments it 
appews that from 6 to 7 c.c. oxygen may be 
absorned per litre of wort, the hitter figure 
indicating full saturation. 

The wort also usually becomes infected 
during cooling. Until the temjierature falls 
below 66° C. (130°F.) there can be no infection ; 
9o for ihis reason cooler® are sometimes dis- 
pens^ii with, «,ud the wortsl run direct from 
nop Back to refrigerator and thus rapidly 
cooled. This is effectual in reducing infection, 
but it has been found sometimes to lead to 
clarification trouble, which appears to be due to i 


the separation of the above-mentioned gluten 
bodies in Cuch a minute state that they will not 
deposit^ In general some kind of cooler is 
used, either a shallow or deep vessel 
, Infection^ on the cooler and refriger^^r 
must be initially ‘due to air infection, and 
proposals have been made to supply the rooms 
in which^ these are placed with sterilised air. 
In piactice it is found, in all but exceptional 
cases, that the amount of air infection w v^ 
small comjiared with the amount of fessel 
infection. If the coolers are made of metal 
there should be little difficulty in keeping these 
sterilised, as the hot wort every time it covers 
them«should do this ; if thCy are wood it is found 
that, however well fthde, sterilisation is im- 
possible. Owing to its ptirous nature organisms 
live in the pores just below the surface, and £he 
non-conducting nature of the wood prevents 
any but the immediate surface layers rising to 
the sterilisiig temperatilTe. 

The refr%erators, with the necessary pipe 
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connections, are rfietal, and it appears at lirst 
that there should be no difficulty in Keeping these 
sterile, but owing to crevices at joints, ^c., in 
practice complete sterility is impossible to attain. 

With care, a harmful amount of mf#cti«riican 
be avoided, and air sterilisatiou, although it may be 
looked on as a couns^ of perfection, rendered un- 
necessary. If, however, precautions are not taken, 
the cooled wort may be very grossly infected. 

The wort runs from the refrigerator at a 
temperature of 15°-1G® (G0®F.) or thereabouts, 
according to the time of the year and kind of boor, 
into the fermenting vessels. For lager beer, how- 
ever, the wort is cooled to (+(>“--4.5® F.). 

The fermentation vessels are made of wood, 
metal, stone, slate, concrete, &c. Metal may 
be considered the ideal material, as its surface 
is impervious, and it is easily sterilised. They 
are usually either circular or rectangular Avitli 
flat bottoms ; circular vessels have no corners 
in which dirt can accumulate, but rectangular 
vessels make more use of the often limited .space. 

As soon as the collection begins the wort is 
‘ pitched,’ 1.C. is seeded with a y(>ast fk'rivod 
from a previous brewing. The number of yeast 
cells added is very much gieater than the 
number of organisms with winch the woit is 
normally infected. The amount, however, must 
be so regulated, aeeonliiig to the nature of the 
wort, that a considerable increase (.5-10 times) is 
possible. The yea.st ‘ Sacclmromyces cerivmce,' 
used by brewers, is a ‘ culture ' yeast, that is, one 
which has been selected or possibly evolved in civi- 
lised communities as specially sui table for brewing. 

There are two main varieties, ‘ iiigh ’ or 
‘ top ’ fermentation yeast, and ‘ low ’ or 
‘ bottom ’ fermentation yeast. 

The first is used at a higher temperature 
than the sc( jnd ; * the brewery fermentations 
are consequently more rapid; iihe yeast rises to 
the top towards the end of tiie fermentation, 
whereas, under the conditions in which the latter 
18 used, it fall 1 to the bottom at the end of the 
fermentation. Lager beer is brewed on the low 
fermentation system ; all (?ther beers and stouts 
on the high fermentation system. 

As worts usually become infected other 
yeasts (wild yeasts) anti bacteria during the 
cooling arid subsequent processes, the yeast 
crop obtained at the termination of fermentation 
will contain foreign organisms. As tliiti is used 
for seeding the succeeding worts, is easily 
possible in time for the seed yeast to become 
seriously infected, even if the initial w-^rt infec- 
tion is Kept down by suitable preiautions. As 
vltll be seen later, these fmeign organisms may 
lead to serious defects in the final product. 

In order to surmount this difliculty, Hansen, 
in 1883, introduced his pure yeast system into 
bottom fermentation breweries He sejiarated 
single yeast cells from the brewery yeast, and 
from each of these grew sufficient to make a 
trial brewing. The culture giving the most 
satisfactory result was selected and uslbd in the 
brewery. A pun pitching yeast was thus 
obtained. This has b^^n adopted witfl great 
success in lager beer brewing, but breweries 
working on the tojf fermentation system have 
not found the pure yeast thus prepared altogether 
satisfactory. Many reasons Imve been given 
for this. Although tjjere seems to be no doubt 
that in some brewenes, notably* in Denmark 


and Am<9rica, top fermentations are carried out 
successfully with a pure yeast; yet in many 
other brejveries in which it has been trieij/ 
has b^n abandoned. Tt is fairly well agreed 
that tie explanation of its non-succesS is that 
a mixture of yeast is necessary in this case, 
although there is much diversity of opinion^as 
to what this mixture should bo (Claussen, J. 
Inst. Brewing, 1904, 308 ; Van Laer, ibid. 1894, 
55; ^iau, i-bid. 190G, 118; Schioiming, C. R. 
Lab. Carlsberg, 1908, 138 ; Moms, 1900, 333). 
Yeast may be freed from bacteria by treatment 
with solution of definite acidity (about OT p.o. 
HgSOj) (Brown* J. Inst. Brewing, 1910, 328). 

Fermentation by growmg yeast cells is a 
complicated process, in which numerous 
chemical reactions take part. Although our 
knowledge of these is far from complete, yet 
many important factors ha ve been tletermined. 
it 18 considered that only the lioxoso ^ugars 
are fermentable, the di-saccharidos being first 
transformed into tlietr constituent hexoses by 
enzyme.s, cane sugar by inver^ase, maltose by 
mallase. The rate of fermentation of glucose 
and Icvulose is mdepon41ont of the concentration, 
except in viw^^ strong or very weak solutions ; 
it is proportional to the amount of yeast. 

The amount of* yeast present in the fer- 
menting wort at any time depends 0 |^ many 
factors. If a small yeast seeding bo introduced 
into wort, the yeast grows unrestrictedly until 
the concentration is suflicient to cause con- 
siderable chemical changes in thy wort; the 
yeast growth is tJien slowed. 

During the period of unrestricted growth the 
number of yeast culls increascis logarithmally with 
the time ; that is, over equal mtervals of time 
(generation time) the number of cells double 
themselves. Brewers’ yeast growing unrestrict- 
edly at 20“ (J. has a generation time*of three 
hours. Temperature has a great influence; * 
between the limits at whicb*yea8t grows freely, 
5®C. increase causes the rate of growth to be 
doubled. Carbon dioxide retards the rate ; 
saturation with this gas ^halves the rate of 
growth. Alcohol over 2 p.c. retards the rate 
of growth, the amount depending on the tem- 
perature as well as the concentration. Air 
(oxygen) is necessary for yeast growth. Brewery 
wort naturally contains dissolved air, and oxygen 
combined with some wort constituent can also 
be used by the yeast. Half-fermented wort, 
saturated with carbon dioxide and prevented 
from absorbing oxygen by a covering of this 
gas, is deficient in oxygen necessary for yeast 
growth. The amount required is small. H. T. 
Brown estimates that 1‘7 c.c. oxygen is necessa^ 
for the growth of 10^® yeast cells (about 2J' 
grains pressed yeast). Yeast growth also 
depends on the chemical composition of the 
wort. There must be present a carbohydrate, 
suitable nitrogenous substances such as pro- 
duced during the germination of the barley for 
the purposes of the growmg embryo, and phos- 
phates, potasfnum, calcium, and magnesium salts 
(A. J. Brown, Ohem. Soc. Trans. 1905, 1395 ; 
H. T. Brown, J. Inst. Brewing, 1909,|J69 ; an4 
Annals of Botany, 1914, 197 ; Stem, Cnem. Soo. 
Trans. 1899, 201 ; and 1901, 943 ; Sl#or, ibid.* 
1908, 128 ; 1968, 217 ; Biochei^ J. 1913, 197 ; J- 
O’Sullivan, Chem. Soc. Trans. 1892,593, and 9^). 

The changes which take place during the 
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fermentation of a brewery wort arp briefly ae 
follows : An average seeding (pitching) of 
1% million cells per cubic cent. wi)l increase 
u;^to about KXh million per c.c. There is a 
period ef quiescence before growth starts. It 
then proceeds steadily, but retarding influences 
scv^n come into action and continual^ slow 
down the rate. The chief of these is the effect 
of carbon diojfide and the gradual failure of 
the oxygen,, supply. There is plenty of yeast 
food present, and the amount of alcohol *ia not 
sufficient to have any great influence. Rapid 
fermentation is now taking place, with evolution 
of large quantities of carbon dioxide which 
prevents air getting into the termenting solu- 
tion. It is at this stage of the fermentation 
that brewers who employ two fermentation 
vessels (ser below) usually ‘ drop ’ or ‘ tun,’ that 
is, transfew the fermenting worts from the one 
vessel to the other. 'J’his causes the removal 
of soAe carbon dioxide, and allows some air to 
be absorbed by the wofts* there is a slight 
renewal of yeast growth ; but the chief amount 
of yeast incrcafie has now taken place. The 
rate of fermentation is*now mainly dependent 
on the number of yeast cells and the temperature. 

The 'influence of temperature is great; the 
following table gives the ‘grams dextrose fer- 
mented per sccorfd by 10^* yeast cells (Burton 
yeast) 


Temperature 40° Cl 

. 5 ‘05 gram 

„ 35° a 

. 4 ‘05 

30° a 

3-00 

25° a 

2-08 

„ 20° C. 

. 1-30 

„ 15°(J. 

. 0-68 

„ 10° c. 

. 0-345 „ 

5°C. 

. 0-140 „ 


Tlie temjieraturo continuously rises owing 
to the Mbat evolved by fermentation: the heat 
of fermwitation of glucose is 22K. (Bouffard, 
Qompt. rend. 1895,357 ; A. J. Brown, J. Inst. 
Brewing, 1901, 93), and the brewer has to 
control this by suitable cooling appliances. 

Glucose, fructose, and cane sugar are fer- 
mented faster than maltose ; raaltasc is not 
so abundant in the yeast as invertase. Small 
amounts of gluccfte present in half-fermented 
wort may very likely havfi come from the 
maltose ; there are also present in malt worts 
tratArmation products of starch of higher 
molecular weight than maltose, and there is 
some evidence that some of these are fermented. 


The mechanism of alcoholic fermentation 
is still to be discovered, although some facts 
have been determined. Buchner and his oo- 
workera ( 189k-98) proved that an enzyme capable 
of fermenting glucose could be separated from 
the living yeast cell by great pressure. Harden 
and Young (Proc. Roy. Soc. 1908, 299 ; {909, 
910, 321) have investigated this reaction 
and estoblished the equation, 


2C*H„T)«+2PO.HR, 

=2COa-f20,H|0+2H,0-fCeHtgO,{PO4R2', 
The hexose phosphate may be isolated and its 
, salts prepared ; when hydrolysed by acid it 
decomposes into phosphoric acid and fructose ; 

sIoTO hydrolysed by*an enzyme present 
•ip /ealt imoe and the resulting sugar fermented. 
, ^ fllte^ the jjiioe through gelatine supported 
by.* porous filter cell, Harden and Young were 
sole to separate the juice into two portions, 




either of which was itself inoe^able of fermenting 
glucose, but which regained this property when 
reunited The filtrate ooutaining the oo- 
enzyme cap be boiled without losing its activity, 
but* f the residue is thermolabile. Harden 
(Biochem. J. 1917, 1104) found that a mixt^ 
of potassium or ammonium phosphate with 
acetaldehyde or potassium pyruvate can function 
completely as the co-enzyme. Instead of yeast 
juice obtained from the living cell by pressure ; 
these reactions can be carried out by Lebedeff’s 
dried yeast (Compt. rend. 1911, 49), or zymin 
(Albert, Buchner, and Rapp, Ber. 1902, 2376). 

How far this important work bears on 
brewery fermentation it is difficult to say. 
Fermentation by living yeast is not influenced 
by the addition of phosphates, and one-half of 
the sugar is not fermented rapidly and one-half 
slowly. It seems probable that there are inter- 
mediate products between the sugar, and 
alcohol, and carbon dioxide, and although much 
work has been done, the theories so far advanced 
do not carry conviction. 

The chief products of alcoholic fermentation 
are alcohol and carbon dioxide, the amount of 
alcohol produced according to the simple 
equation of Gay-Lussac is 51 ‘1 p.c. from a 
mono-saccharide, and 54’1 p.c. from a di- 
saccliaride. The sugars of malt worts consist 
of about 83 p.c. maltose and 17 p.c. of sug^ 
pre-oxistent in the nmJt which are mamly cane 
sugar, glucose and fructose. H, T. Brown 
(J. Inst. Brewing, 1914, 693) found there was 
produced at the commencement of the fermenta- 
tion 50 p.c. of alcohol (0-1 *5 p.c. alcohol) falling 
to 52 0 p.c. (l*5-3'0 p.c. alcohol) and 61 '5 p.c. 
(3 p.c. alcohol onwards). 

Besides arcohol and carbon dioxide there are 
produced by the fcrmentati6n, glycerol, succinic 
acid (Ehrlich, Bred. Zentr. 1908, 197), and higher 
alcohols (Ehrlich, Ber. 1907, 1027 ; Ashdown 
and Hewitt, C’hem. Soc. Trans. 1910, 1636). 

A considerable reduction of the nitrogen con- 
tent of the wort takes place during fermentation. 
This varies from 20 ‘to 40 p.c. of the total wort 
nitrogen, according to working conditions. By 
adding more sugar and again fermenting it is 
possible to remove nearly 60 p.c., but a further 
fermentation will only remove a few per cent, 
more (H. T. Brown, J. Inst. Brewing, 1W7, 423). 

The hydrogeu-ion potential increases during 
fermentation from 5 to 4 (Luers, Zoits. Ges. 
Brau. 191^79). 

Theiamount of acid produced during fer* 
menUtion i% dependent on the acidity of 
wrt ; within limits,^ the more alkaline the w^ 
the more acidity is ’produced ; thus the yeast 
tends to produce a certain favourable con- 
centration of acid (Windisoh and Koolman, 
Woch. Brau. 1914, 225 ; Moufgang, Bimsi. et 
Malt, 1913, 177 and 297 ; 1914, 72). 

if the wort were left undisturbed in 
fermentation vessel, the first cauliflower-B|p 
foam which forms in a few hours, would 
place about two hours later to a larger rocky 
and glistening foam, a(|d this in two or three 
days in turn to a yeastyneaid* Throughout the 
greater portion of the fenflehtation, mo yeasb, 
which has a higher specific gravity thwa the 
wort, is kept in fuspension by the rising bubhles 
of carbon dioxide, but .towards the «n4 it 
fiocculates aifd entangles the riring .bubbles of 
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cross trough, the bottom of which is a few inches 
lower than the yeast trough, but high enou^to 
command the casks. Each cask is furnished t^ith 
a swaif neck which fits into a socket in the highest 
portion of the cask, and projects just over th^i 
edge o^f the yeast trough, and with a tap at iie 
lowesif portion pf the cask, the nozzle of which 
projects a couple of inches intc^ the cask. The 
tap has a screw thread, so that th§ inlet can be 
loweitd or the tap entirely removed, leaving the 
cask opening free. The casks are also provided 
with attemperators through which cold water 
may be passed for controlling the temperature 
of Icrmentation! The yeast trough is also pro- 
vided with attemperators which are counter- 
poised in order that they may be easily lifted up. 


the spongy moss thus formed rises to the 
surface, forming the yeasty head. If, however, 
not quickly removed, the gas is lost and the 
yeast falls to the bottom of the* liquid. If 
yeast be not removed os soon as it rises, Mt be 
allowed to fall through the fermented wort 
(or beer as it now is^, it communicates to this a 
yeasty flavour and spoils it. In bottom fer- 
mentation the yeast also flocculates towards 
the end of the fermentation, which owing to 
the low temperature proceeds much sloAver, and 
^ne veast falls to the bottom of the vessel. 

The top fermentation brewer, therefore, 
adopts some system of ‘ cleansing,’ that is, 
some mode of removal of the yeast as soon as 
it rises to the surface. There are two typical 
systems in use, i.e, *the skimming 
system,’ in which the fermentation 
throughout proceeds in large vessels, 
and the yeast as it rises is skimmed olT ; 
and the ‘ cleansing system,’ in which 
the latter portion of the fermentation 
is conducted in casks, and tU' yeast al - 
lowed to work out of th(‘ bung hole, the 
cask being kept sufhcientJy full by toj>- 
pings of bright beer There are many 
modifications of those two systems. 

The skimming system is the one 
chiefly employed in the United King- 
4om, but instead of skimming off tlio 
yeast by haivlt an apjiaratus termed a 
yeast parachute is fixed in the fer- 
menting vessel ; this has a funnel shape 
with the narrow end in communication 
with a pipe passing through the bottom 
of the vessel (Figs. 9 and 10). 

The height of the aperture is con- 
trolled by suitable glaring, so that the 
yeast as it rises flows over the edge 
through the pipe into a vessel ifelow. 

In very large vessels this is assisted by 
. the movement of the board. Atteni- 
perators, or ccals through wliich cold 
water can be circulated, ace usually 
fitt/cd so that the temperature of the 
fermenting wort may be controlled. 

It is usual to commence the fermen- 
tation in a plain vessel and** drop ’ the 
wort when about half fermented mto 
the skimming vessel. The effect of 
this has been described above. 

F An ela boration of the simple cleans* 

sT. "di£nt • 

fr^ the skimming system that all oTliers may be,[ At one end the yeast trough communicates 
lam to be intermediate, and it is not proposed . 



said to be intermediate, and it is not proposed 
to describe thorn. 

The beer to be worked or ‘ cleansed ’ by the 
Burton System, is collected and pitched (seeded) 
in vessels of about 50 barrels capacity, and the 
fermentation allowed to proceed until the at- 
' Wuation of the fermenting wort is about two- 
Sds of the original gravity, and the tempera- 
ture has risen to 18®-2r (65M0'’ F.). The wort is 
then ‘ tunned,’ that is, transferred to the ijnions. 

A set of Burton Uniais (Fig. 11) consists of 
two rows of casks, iisaoh cask holding about 
150 gallons, mounted horizontally on trunnions 
on a^me work. Above the casks is fixed 
a long shallow trough (the yealt trough), not 
quite one-half the width of the double row of 
casks, and at one end of the onion set is a smaller 


with the cross trough or feeder by outlets at 
various levels, any one or all of which may be 
closed as required. The feeder communicates 
with the casks by a long side pipe, the feeder 
inlet of this having a screw cup which may be 
raised or lowered in order to prevent sed^ent 
from the feeder getting into the cask, or the 
cup may be removed entirely. This pipe is 
furnished with a main tap to control the flow 
into the cask (the feed), and each cask with a 
separate tap, so that any one may he dis- 
connected. There ftre also outlets worn tllb*, 
yeast trough and feeder for removinn yeasts 
(barm). a ^ 

The casks, top trough, and teeder ate 
with the fermenting wort, but none of thd 
vessels is full of liquid, as there is a considarable 
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amount of foam. The fermenting wort in where a little more settling* takes place, into 
tha cask is under the pressure of the head of the casks, so that ultimately the casas become 
liqwbr in the feedi'.r, and consequently so long filled cvith more or less bright beer, and the 
as carboy dioxide is being produced in qu|)bntity, greater pant of the yeast remains in the yeast 
a foam is forced up the swan neck into the yeast troi%R. ^he beer is allowed another day or so 
trqpgh. This settles to some extent, and in the cask to settle, and it is then run from the 
furnishes more head of liquor in the feeder, and bottom tap by a trough into a vessel below (the 
so the circulation continues. With a wort of racking vessel), the tap projecting into the cask 
fairly liigh gravity the whole bulk of the brewing sufficiently to hold back the sediment (grounds), 
would circulate several times. When- the The fermentation is so controlled that at 
fermentation nears the end, the character of the racking stage there always remains some 
the foam changes, owing to the rise of the yeast, fermentable sugar ; and as whatever mode of 
It becomes yeasty, and in the yeast trough yeast removal is adopted, it is impossible to 
separates, a part of the yeast* settling to the remove all, some remains in suspension. In 
bottom, and a part forming a thick skin on the this state the beer is racked, i.e. transferred 
surface ; in between these two layers is a from the brewery vessels to the carriage casks, 
stratum of fairly bright beer. This bright beer It is convenient and usual to employ an inter- 
only is allowed to return through the feeder, mediate vessel (racking vessel). This is pro- 
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vidod with taps, usually of special design, so that of the beer, may produce fermentable sugar, 
the casks are filled without ibss due to overflow, and thus give life or ‘ condition ’ to the beer 
i^er beer is not racked into the carriage (Brown and Morris, J, Inst. Brewing, 1893, 94). 
casks immediately at the conclusion 'of the Sugar solutions are often added at racking, 
brewery fermentation, but kept in cold stores or shortly^afterwards. This makes ‘ condition * 
for 2-4 months in lager casks (large vessels certain. 

holding lfK)-3000 gallons). During storage a An Taniiseptic, usually a sulphite, is oopi- 
slow after-fermentation takes place, and during monly addf d. Beer naturally contains some 
the last period the carbon dioxide is allowed to 'SOj, this is introduced during the kilning of 
accumulate up to a pressure of 2-4 Iba. per the malt and drying of the hops ; as muon as 
square inch. The beer clarifies, and is racked 25 milligrams per’litre have been found,- but most 
into casks or bottles for immediate consun\()tion. beers contain only a few milligrams per litre 
Stoukis also often stored in vats between the end (Bonn, Ann. des Falsifications, 1909, 44) j it is 
of the brewery fermentation and racking stage, also an ancient custom to sterilise the interior 
Seferal additions are commonly made to the of the vessels with sulphur dioxide. When 
beer when racked direct from the brewery vessels, sulphurous acid (or sulphites) is added to beer. 
Hops are usually added, from 2 oz. per barrel a portiSn is soon oxidised, the remainder com- 
up to 1 lb. per barrel for strong or stock ales, bines with the sugars ©r other aldehydio or 
Hops of fine flavour are chosen for this purpose, ketonlo compounds, Md in this state is much 
* as the Mbp oil which is lost when boiled in the less toxic than the tree acid. Wiley (U.S.A. 
coppol is here retained and adds to the beer Dept, of Agriculture, lOCTf) and Kerp (Arb. aus 
aroma.* B:esorvativo substances of the hop dis- der Kaiseniche Gesundheitsampte, 1904, 21, 
solve in the be#, and the bracts, &c., mechani- 156-284 ; 190f, 26, 231) have made exhaustive 
cally assist clarification. Hops contain diastase, investigations on its toxin action. The moderate 
|irhioh, acting on some carbohydrate constituents use of this antiseptic Is generally permitted. 
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The Beer Materials Committee, 1899, reported 
that it would be unwise to prohibit preservatives 
m beer. An International Food Congress, 
Paris, 1^9, recommended that it b® allowed up 
to 85 milligrams per litre. Such an afcoAt has 
but a slight retarding effect on yeast growth and 
fermentation, and loss is sufficient to prevent the 
growth of some common beer bacteria, such 
as saccharobacdlus Pastorianns, which in the 
absence of sulphite may do much damage. 

An important by-product of the fermentation 
is the yeast or barm ; not so long ago this was 
a waste product difficult to get rid of, and only 
used as a manure. Now it is a valuable lood, 
and otherwise useful. 

The barm, as separated from the beer, is a 
thick creamy mass, and is usually pressed in a 
inter press, the bright beer being returned to 
the brewery vessels. The filter cake is a cream- 
coloured powdery mass containing about 75 
p.c. water. If allowed to stand, it autolyscs 
and liquefies in a few days by the action of the 
digestive enzymes it ci^ntams ; the most 
satisfactory way to preserve it, is to dr^ it on 
steam-heated rollers. 'J’he pressed yeast is 
heated, when it liquefies, and then flows m a 
thin film on to the hot revolving roller, a current 
of hot air diives away tlio steam, and m about 
three-fourths revolution the film is dry and is 
scraped off by a fixed knife. Such dried yeast 
is an oxcelh'id food for cattle, but possesses a 
rather bitter flavour ; this may bo to some 
extent removed by wasliing the pressed yeast 
before di^nng with ammonium or sodium 
carbonate. It contams 6-10 p.i;. water, 50-60 
p.c. albumenoids, 25-35 p.c. carbohydrates, up 
to 4 p.c. fat, and about 10 p.c. ash, of which 
about one-half is 4ffio8phoric acid. By some 
refinements in the preparation a product is 
obtained resembling meat exti%.et, and largely 
used m the preparation of dried soups (Petit, 
Brass, et Malt, 1917, 257). It has been shown 
to contain water soluble accessory growth-pro- 
moting substance ; this is ♦not present in meat 
extracts (Drummond, Biochem, J. 1917, 266). 

From brewers’ yeast is prepared nucleic 
acid (Clarke and Schryvor, Biochem. J. 1917, 
319) ; this, on hydrolysis, ields phosphoric acid, 
adenine, guanine, uracil, cytosine, and d-ribose. 
Yeast nucleic acid or its sodium salt i.-' injected 
subcutaneously with tlie object of increasing 
the number of leucocytes. Silver preparations 
(nucleosil and nargol) are used in inflammatorv 
diseases, andiron salts (fer ascolic and nucloogcn) 
in cases of ameirna. Thymlnic ac'^ (solurof) i^ 
aRo prepared Irom yeast and used for rheuma- 
tism and gout. 

Brewers’ yeast has been used from time 
immemorial for bread-making. Within recent 
years its use has been largely 8iix»planted by 
‘ bakers’ yeast,’ a different variety of Sacclia- 
romycest which works at a higher temperature 
and does not undergo autolysis so ^quickly. 
This yeast, although not suitable for brewers 
use, is employed by distillers. Brewery 3^ast is, 
however, improved forHb'akers’ use by passing 
through a fermentation in a not-hopped (dis- 
tillers)’ wort (Baker, J. Soq. Chem. Ind. 1917, 
836). Yeast contains glycogen, ' as much as 
40 p.o. has been found ; when ufcd in fermenta- 
tion estimations yeaat nrtist be^, freed from 
glycogen by exposing it in thin layers to the 


• 

air, otherwise there will be a considerable 
correction to be applied for the auto-ferme^* 
tion of rtie glyoogon (Hennaberg, W. f. otru. 
1902,1781; and Zeit. Spiritusind, IttlO, . 242). 

It may be easily prepared from yeast (Harden 
and Young, Chem. Soc. Trans. 1912, 1928), and 
at till same time another carbohydrate, the 
yeast gum of Salkowski (Ber. 19j)4, 49? and 926) 

IS obtained. This latter yields'int^nnose on hy- 
drol^is. Yeast contains about 2 p.o. leoithine (d»- 
palmitoncholme-lecithine). Yeast has a strong 
reducing power, it reduces sulphur and also sul- 
phites under certain conditions to sulphuretted 
Jiydrogen, andMnder starvation conditions can 
even reduce suljphates (8U»rn, Chem. Soc. Trans. 
1899, 201 ; anef J. Inst. Brewing, 1899, 399). 

The beer racked into the carriage casks is 
‘ shived down.’ The residual sugar and yeast 
react, and the carbon dioxide produced by fermen- 
tation super-saturatos the beer, and it now 
ready for sale. If left undisturbed for a few 
weeks the beer will normally fall bright. This 
IS not quick enough for ordinatY puiqjoses, so it 
is usual to add ‘ finijig. ’ Fining is prepared 
fruiu isinglass, the swimming bladder of various 
fishes, i.e. Acjpenscr (sturgeon) giving Beluga 
leaf, Siberian purse, and other Russian isin- 
glass ; Poiyneniidai giving* Bombay, East 
Inchan, and Penang isinglass ; SiluridaB (cat- 
fishes) giving Brazil lumj) ; and some well- 
known food fishes as cod, whiting, haddock, 
and hake givmg inferior kinds of isinglass 
(Bridge, J. Jnst. Brewing, 1905,* 508). Sole 
skm 18 also used. To prepare lining, isinglass 
18 soaked in water acidified with acetic, tartaric, 
or sulphurous acid, or a mixture of these ; it 
swells up, and more water is added from time 
to time, until the isinglass is thorouglily ‘ out ’ 
and a viscous liquid is obtained, frdtn which 
the undissolved skin is removed by wire sieves. ^ 
About 3 lbs. of ismglass makes a barrel of fining. 
From 1 pint to 1 quart adde*d to a barrel causes 
a coagulation in which bofli fining and the 
suspended matter of the ^leer take part and 
which soon settles out, leaving the beer bright. 

If the cask is vented and carbon dioxide is 
coming off freely, the coagulttm is entangled by 
the rising bubbles ,of gas and expelled through 
the vent hole. Fining will not remove actively 
fermenting yeast or bacteria. It is known that 
beer colloids carry an electric charge and mote to 
the cathode (Emslanderand l^reundlich, Zeitsch. 
physikal. Chem. 1904, 317), and a simple ex- 
planation of the action jof fining appears to be 
that the fining colloid carries an opposite charge, 
and hence, when mixed, the two coagulate. 

Isinglass dissolves in hot water, and a solu-* 
tion of gelatine is obtained, which however has 
no fiAing action on beer. 

The cask of bright beer is now rea% for 
consumption. Cask beer kept ‘ on tap ’ more 
than a few days deteriorates owing to ILe loss 
of carbon dioxide and aeration. Bottled beer is 
free from this risk of deterioration and has 
advantages of convenience ; hence, an increasing 
demand has arisen for it. ^ 

If bright beer be bottled, corked, and placed* 
on one side for a few weeks, it will ui|p,Ily be* 
found that a growth of yeast ^las takM place 
with fermentation and oonse^ent production 
of condition in the beer. The yeast eftsily 
settles out, and there is usually also a 
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of glutin bodies. This yeast will, as a rule, not 
ba the yeast which has produced the brewery 
fementation, and which has also produced the 
‘ condition * which follows immediately on 
racking, but a wild (secondary) yeast possessing 
qvite different properties, and which has 
fortuitously obtained access to the beef. The 
matter fermented corresponds with the com- 
position of ,a mixture of dextrin and maltose 
(Morris, J. Inst. Brewing, 1895, 125).* This 
fermentation would, of course, also take j)lace 
if the beer had remained in cask, and the beer 
would have become turbid from the growth of 
the wild yeast ; but when growth knd fermentation 
were completed, the yeast would have settled 
out, leaving the beer again bright, but with an 
altered flavour. Only beers brewed with good 
material and a sufficiency of hop remain stable 
for the length of time necessary for the secondary 
fermAitation and subsequent clarification ; inferior 
and lightly hopped beers fall a prey to bacteria. 

The best brands of bottled ale thus pro- 
duced possess {f clmracU'i- and piquancy which 
is definite and much demand. Owing to 
the difficulty of always ensuring the correct 
amount of fermentable matter and secondary 
yeasts, and the preparation *of a beer of sufficient 
stability, other Methods of preparing bottled 
ale ha\*e been devised. 

The most successful is to rack the beer into 
strong casks or metal tanks and add sufficient 
sugar, which, wlien fermented, will produce a 
considerable’ pressure of carbon dioxide. This 
having taken place, tlie casks containing the beer 
under pressure are placed in a cold store (if the 
beer has been conditioned in tank, the beer is 
forced by air pressure into a similar tank in 
cold store) and kept at a temperature of —2^ 
(29*^ F.jlfor a week or more. 'I’hc beer, when 
cooled, should still lie super-saturated with carbon 
dioxide. The cooling causes a precipitation, 
and in time the oocr would fall bright. 'I’liis 
would, however, take so long that it is usual to 
filter the beer througli cellulose pulp made up 
in a filter press. The beer issues from this 
brilli^t,^ and passes to the bottle-filling machine ; 
in this the preswre is maintained so that no 
carbon dioxide is evolved, ,which would cause 
foamipg, and render the regular filling of the 
botlloB impossible. The full bottles are removed 
from the machine and quickly corked The 
beer is ready for immediate consumption, and 
when raised to room temperature pours out with 
considerable sparkle, ^id in this way resembles 
what may be termed naturally conditioned beer. 
It has the advantage of being ffee from sediment, 
butiua the beer is not sterile, this only continues 
for a few weeks, after which a sediment forms. 
A considerable loss of colloids takes Vlace 
during chilling and filtering, and this renders the 
beer ^f^or hi flavour to beer not thus treated. 

It % not usual to pasteurise beer brewed in 
this country; it keeps sufficiently well for 
ordinafy use, which varies from a few weeks to 
a few^ months ; strong ale, which is often kept 
for a ygt r or more, keeps quite well for this 
tftme bwliff to its high alcohol content and hop 
rate;^ Wa escort ale will remain stable for 
years, wing brewed from fine malt and large 
proportaon of hmps. With lager beer, however, 
tb» contrary hf W ease ; if rea uired for export 
this must be pasteurised, usually at a tempera- 


ture of (130®-i40® F.), and is often so 

treated for home oonsuipption as it does not keep 
moreHhan 3-6 weeks at ordinary temperatures. 

The chief beer brewing countries are the 
United Kingdom, the United States of America, 
Germany, Austria, Belgium, and Denmark. 
In each country the metndds, and consequently 
the products, differ. The United Kingdom 
brewers employ mainly the high fermentation 
system, although a little lager is also produced. 
"J’he beers are mild, bitter, and^ stout (porter). 
The mild ale differs from the bitter in being 
brewed with less hop, 1 lb. against 2 lb. per 
barrel for a wort of sp.gr. 1060, and with a higher 
dried malt giving a sweeter and darker bei'r. 

Stouts and porters are prepared with an 
intermediate quantity of hops and roasted malt 
to give the black colour and flavour. 

Pale ale is a bitter beer prepared from a wort 
of sp.gr. 1060 and about 3 lbs. hops per barrel. 
Stiong and export ales are higUy hopped, the 
wort for the former is usually of a sp.gr. 1100, 
but occasionally bCer from worts sp.gr. 1125 
has been brevv(,‘d. 

The average original gravity was 1052 in 
1914, since then, special war restrictions have 
reduced this to 1030 (1918). 

The average amomit of hop per barrel used 
m 1915 was If lbs. 

The beer duty is levied on the specific gravity 
of the worts. 

German and Austrian brewers employ almost 
exclusively the low fermentation system. Dark 
beers are brewed from well-grown high dried malts, 
and light beer from less grown low dried malts. 

In pre-way days very Uttle malt substitute 
was used in'*Germany. Berlin white beer is 
brewed from wheat and •barley malt. The 
gravity of Ge^an beers did not materially 
differ from those of the beers of this country, 
although the average gravity is lower owing to 
the non-production of strong ales. The average 
gravity of Austrian beers is a little more than 
that of German beCi’s. The war has caused a 
considerable reduction, beers being now brewed 
of an original gravity of 1012-1036. The beer 
duty is levied on tho^aterial. 

United States brewers employed both high 
and low fermentation systems, that is, brewed 
‘ ale ’ and ‘ beer,’ as the products of these two 
systems were there called. The tendency was, 
however, ffir beer (lager) to be the chief product. 
Rice and maize preparations were used extensively 
as malt sut^itutos, and the malt was pr^ared 
•from a barley of higher nitrogen content thwu 
the European brewbrs would care to use. The 
duty Was levied on the beer produced, 

Belgiuni brewed chiefly top-fermentation 
beer, but imported considerable quanrities of 
all varieties from the United Kingdom ai^ 
Germany. Lambic, Faro, and Mars are spon- 
taneously fermented beers prepared from 
and barley malt, and may take as long as th:^ 
years to prepare. They frave a hi^ aoidjity. 
Lambij is prepared a wort sp.gr, 1066, 
Mars 1050°, and Faro a mixture of the other two. 

In France beer is clliefly brewed in 1h!e 
northern part and mostly by top-fermehtatlon. 

Holland br^ws chiefly tem-fermuntation b«er 
of rather poor qualRy, bueb tne blowing of luier 
IS moreasingt ^ r ^ 

Denmark has' a highly develcmed brewing 
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industry. Both tdp and bottom fermentation 
beers of average gravity are produced The 
duty IS levied on the bror, but that containing 
less than 2*26 p.c. alcohol is duty freg. 

Sweden produces half its beer froiAi asvort 


— 

* Origlual 
wort 

Unfer- 

mented 

lesidue 

Alcohol 

Pale ale . ^ . 

15*4 

6-3 

5*3 

Strong ale . 

24*2 

11*2 

6*9 

Extra stout 

18-0 

7*2 

5*7 

Mild ale . 

14*0 

5*6 

4*5 

•> • • 

11*0 

4*4 

3*5 

Light bitter ale , 
Munich lager 

11*0 

3*7 

3*9 

(dark) 

12*5-15*0 

ft*6-7*2 

3 *0-4 1 

Vienna lager 

10-14 

4-5 6*5 

2 *9-3 *9 

Pilsener . 
American beers 

11-12 

4r)-5*0 

3*3-3*7 

(lager) all malt. 

12-14 

6-8 

.3-4 

American beers, 
40 p.c. corn, 

• 


• 

60 p.c. malt . 

11*1-12*6 

5 *5 -6 *5 

3*1- 3 *3 

American ale.s . 

16*7 

6*2 

5 5 

Berlin white beer 

9-12 


0*9-3 *6 
(av. 2*75) 


m 

sp.gr. Ies6 than 1024, and this is free from duty ; 
the other half being low fermentation beer of ^ 
usual lager type. j 

Tho follow!^ table gives'^ the average per- 
centage composition of the chief t 3 rpes of l)eer8 : — 


Acidity as 
lactic 
acid 

A.h 

Nitrogen 

9 

Phosphoric 

acid 

0*1 

0*36 

0*08-0 *09 

0*05-0*06 

0*3 

0-.55 

0*12 

0*10 

02-0-5 

0*33 

0*11-0*14 

0*16 

0*09 

0*3 

0 08 

0*06 

0*09 

•0*3 

0*044 

0*038 

0*08 

0*22 

0*044 

0*040 

0*1 

0*17-0*27 

0*08 -0*1] 

0*065-0*102 

0*15 

— 





0 1 

0*185 

0*062 

0*oS7 

01-0*2 

0*20-0*36 

^ 0*08-0‘16, 

w 

0*07-0 *13 

01-0*2 * 

0*155-0'219 

0*05-0*08 

0*055-0*064 

0*2 ! 

— 

0 073 

0*061 

• 0*4 

0*14 

0*046 

0*030 


Analysis of Brewing Materials and Beers — 
ater is analysed by nietliods in common use. 
Malt analysis is largely empirical. OfTicial. 
methods have been laid down by the Institute of 
Brewing (Journal, 1900, 1 ; and 1010, 629), by 
Continental Brewing {Stations (.1. Inst. Brewing, 
1903, 594; Zeitsch. gos. Brauw. 1014, 372 and 
384). The (h'termiMations usually made are : — 
Moisture . — As malt oxidise^ and otherwise 
decomposes when heated, a definite time and 
temperature is prescribed for drying. 

Extract obtained on mashing. As this also 
varies with the conditions, the official method 
must be used to obtain comparable results. 
It is customary to express the result of extract 
determination as the specific gravity which would 
be obtained if 1 quarter (33ji lbs.) of malt yielded 
one barrel (36 gallons) wort. The specific 
gravity is expressed in ‘brewers pounds.’ 
This method of expressing the specific gravity 
is arrived at by taking the weight of one barrel 
water {300 lbs.) as unity, and the*‘ pounds ’ 
gravity is the figure obtained by deducting 
360 from the specific gravity thi^ expressed. 
Tl^t is, 1 lb. gravity =^=r0028 j or 3*60 Ibs.i 
gravity =^^=1*010. Degrees of specific 
gravity (t.e. the excess over 1000) can bo con- 
verted into ‘ brewers pounds ’ by multiplying 
by 0‘36. Continental brewers express the 
extract as peroentagef To obtain tho quantity 
of matter in solution from the specific gravity, 
the sacoharometer of Balling is largely used ; 
this is graduated according to the allowing 
empirical scale ; — ^ ^ 

l>egree9 Balling^Sp. gr. *t)egreeg BalUng=;Sp. gr. 

1 1*0040 6 JK)240 

2 iOOSO 7 1*0281 

3 1*0120 8^’ 10322 

4 1*0160 9 10363 

6 102# ^ 10 » 10404 


Degrees Balling=Sp. gr. Degrees Balling »Sp. gr. 
11 1-0446 16 1*0614 


12 1*0488 

13 1*0530 

14 1*0572 


16 

17 

18 


10657 

10700 

1*0744 


The degrees Ballmg are supposed to indicate 
percentages of cane sugar ; they certainly do 
not correspond with the percentage of matter 
dissolved in malt worts. The tables of Schulze- 
Ostermann (Zeit. f. d. ges. Brauw. 1878, 248; ' 
1883, 10) are also used expensively and give 
percentages, and grams per 100 c.c., for malt 
worts. A set of tables drawn up by Elioa 
(Zeitsch, angow. Chem. 189^, 291 and 321) can 
lay greater claim to accuracy, and also give an 
approximation to the percentage solids m beer 
residues. According to this t&blo, if the excess 
specific gravity ov«r 1000 be divided by the 
following factors, the result expresses the grams 
per 10^ c.c. at 15“ 0. For 25 grams per 100 c.c. 
factor 18 3*97 ; for 20 grams 3*98 ; for 16 grams 
3*99 ; for 10 grams 4*00 ; for 5 grams 4*01 ; 
for 1 gram 4*018. 

A simple calculation: will show that the 
figures expressing brewers pounds extract, per 
quarter, per barrel, divided by one of tlie above 
factors multiplied by 0*336, will give percentf^e 
extract. The factor may usually be taken as 4, 
so thit a malt yielding 90 lbs. extract, contains 

4^o^36~^^ p.c. matter soluble on mashing. 

('olour of the wort or beer is determined by 
Lovi bond’s tintometer. Continental analysta 
employ decinormal iodine solution as the 
standard for comparison. 

Matter sduble in cold irofcr is det<jmined.i a 
this is considered to give an indication of tlw 
manner in which the germination was^oaiaiedl ^ 
out. ^ 

Diastatic aclivityt measured by Xinther^l 
method or the moMoation laid-doim % ^ 
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Institute of Brewing Committee, is useful 
indication of the kilning. 

^Mitroaen is conveniently determined by the 
Kjmdahf process. * i * 

^sA.*-Tho determination of ash by numiiig 
in a muffle usually gives low results, owing 
t()*the loss of acid radicals, as in sulphates or 
chlorides. Suitable precautions must be taken 
to prevent this.* 

Hops . — 'Wio chemical examination oJ^ hops 
has already been referred to. 

Malt subditidfs; sucih as maize, rice, and 
their preparations, and sugars are in general 
analysed by methods in common use. The 
extract of starchy material is determined by 
the addition of a sufficient quantity of malt to 
convert the starch, and on the same lines as that 
of malt. The extract yielded by the sugars is 
usually ex^jressed as ‘ pounds ’ extract per 
2 c^ per barrel. 

Worts and beer residues are examined for 
matter fermentable by yeatt, the optical activity, 
and cupric red^icing power determined ; and 
these determinations may be int(;rpr(‘ted in 
quantities of dextrm, m^tose, and other matter 
with some ajiproach to probability (Mofris, J. 
Inst. Browing, 1895, 125). 

Bm , — The m^ost important determinations 
are those of the alcohol and the unfermented 
residue) from wliieli can bo deduced the original 
gravity of the worts before fermentation. This 
analysis is treated of m great detail in the 
Report on prigmal Gravities by Tiiorpe and 
Brown (J. Inst. Browing, 1914, 5()9), and on this 
is based the official table used for revenue 
purposes, and which is given here : — 


Co' responding degrees 

Spirit Indications of gravity lost 


1 . 

. 4-25 

2 . 

. 8*50 

3 , 

. 12-90 

4 . • . 

. 17-30 

5 . 

. 21-85 

6 . 

26-40 

7 

31-00 

8 . 

. .35-65 

9 . , . 

. 40-30 

10 . 

. 45-00 

11 . 

. • . 49-85 

12 . 

. .34-85 

13 . 

. 59-95 


A measured quantity of the beer (usually 100 
o.c.) is taken, filtered, and washed into a dis- 
tilling flask ; a condenser is connected and 
'the beer distilled to about four- fifths of its 
volume.' The distillate and lesidue are each 
made up to the original volume and the specific 
gravities taken, usually with a lOOO^grain 
specific-gravity bottle. The table gives the 
degi^s of original specific pavity equivalent 
to thi, specific gravity of the distillate. The 
amount of alcohol contained in the distillate 
is found from published tables, of which an 
exoeIl<^t one appears in the report above 
mentioned, and is also published separately. 

^ The* carbohydrates, nitrogen, ash, and 
colour qf b^r estimated in the same manner 
&a indited atove for malt worts. 

"PrestTvcAivt ^ — Methods for the estimation 
of preservatives in beer are given in Bulletin 65 
0f the liJnited ^States Dept, of Agriculture, 1901, 


and circular 33 of the same, March, 1907. The 
most common is sulphurous acid ; it, cannot be 
estim^d by direct titration with iodine, as the 
sulphurous, acid is in a fairly stable state of 
coi^natton ; but an approximate titration 
may be made by first decomposing with alkali, 
then acidifying and titrating (Ripper, J. pr. 
Oiem. (2), 46, 428). The most satisfactory 
method 18 to acidify with phosphoric acid, distil 
in a current of carbon dioxide, and receive the 
distillate in a solution of iodine, the sulphuric 
acid formed is weighed as barium- sulphate. 

Salicylic acid may be detected by extracting 
a concentrated and acidified beer residue with 
a mixture of petroleum spirit and ether. The 
ethereal solution is drawn off, and evaporated. 
The residue dissolved in water gives the well- 
known violet colour with dilute ferric chloride 
if salicylic acid is present. If saccharin is 
present, tins would be extracted at the same 
time, and recognised by its intense sweetness. 
Borii! acid, fluorides, benzoic acid are occasionally 
added. Complete details of beer analytical 
inethwtls will be found in W. Windisch, Das. 
Chem. Lab. des Brauers, Berlin, 1907. 

Characteristics and Defects of Beer . — Beer 
should have a pleasant flavour and aroma, be 
super-saiurfted with carbon dioxide, and when 
poured into a glass be bright with a persistent 
foamy head. Beer defects caused by the 
absence of those characteristics may be due to 
chemical or biological causc.s, or a combination 
of both. Bacteria are often a cause of defective 
beer, slight changes in acidity have a marked 
effect on the susceptibihty of the beer, slight 
increases in acidity making it more, and slight 
increases in all^linity less, stable. 

Aerobic forms such as the ordinary acetic 
acid bacteria do not grow i5i beer charged with 
carbon dioxidot One of the most common 
causes of spoilt beer is Sarcim {Pediococcus 
cerevmce)^ this causes turbidity and acidity. 
Another bacteria causing a silky appearance 
and production of acidity is sacchard}acillud 
Pastorianus, Ropiffess is another defect caused 
by bacteria ; there are several bacteria which 
can cause this, usually not much acidity is 
produced, nor is th() beer necessarily turbid. 
The composition of the substance which gives 
the viscosity is (A. J. Brown, Chem. 

Soc. Trans. J 886, 432 ; Lafar, Technical Myco- 
logy, tranfil. by C. T. C. Salter, Ixmdon, 1898, 
1910). 

Wild yeast or torula growing in beer will 
usually pmiduce turbidity, and sometimes 
•unpleasant flavour and smell. This, howe^r, 
is by no means always the case, and if bacteria 
do not obtain access to the beer, when the yeast 
growth is completed, it settles out and leaves 
the beer bright with an altered, but possibly 
improved, flavour. 

An unpleasant bitter flavour is produced 
by the culture yeast if the greater portion be 
not promptly removed at the termination of the 
primary fermentation. This is due to the cell 
conteifts passing into«^ beer. 

If beer be mfectea with bacteria and wild 
yeasts, it does not always happen that the«9 
organisms grow and spoil the beer. Much work 
lias been doq^ to determine the conditions 
which influence tl^. H. T. Brown (J. Inst) 
Brewing, 1916, 344), in a review of our present 
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knowledge, concliiUes that the composition of 
the beer has no influence on its liability to wild 
yeast growth ; but that allowing for the hftcteri- 
oidal influence of hops, there is some relation 
betw^n the total nitrogen content ailA its 
hability to bacterial disease. It is disappointing 
that the large amour^^; of accumulated knowledge 
has not been of more assistance to the brewer 
in avoiding these troubles. We are led back 
to the work of Pasteur and his followers, to the 
re-eminent importance of mycology to the 
rewer. 

Beer turbidity is often caused by tlie so- 
called gluten bodies referred to above, separating 
out in such a minute form as not to settle. 
This is often the case with pasteurised beer. 
Wallerstein (U.S. Pat. 995820) suggests the 
addition of a proteolytic enzyme to degrade 
these bodies, and this has been found eflicacious 
m some cases. This form of turbidity is closely 
connected with the chemistry of the colloids of 
beer. These bodies play an important part in 
the production of flavour ^nd foam retention. 
They may be poisonous to yeast and also^affect 
the stability of beer towards bacteria. Little 
is known of their properties, but a statement of 
the present stage of our knowledge will be found 
in the Keport on Colloid Chemistry, *Brit. Assoc. 
1917. A. L. S. 

. BRIDELIA BARK or ASDUANA. The bark 
of Bridclia montana is a useful Indian astringent 
(Dymock, Pharm. J. [3] 7, 309). 

BRILLIANT ARCHIL, -AZURINE, -BLACKS 

V. Azo- OOlduEING MATTBia. 

BRILLIANT CONGO, -CROCEIN, -DOUBLE 
SCARLET, -GERANINE v. Azo- coloubiko 

MATTERS. 

BRILLIANT COJTON BLUE v. Triphbkyl- 

METHANB COLOURING MATTERS. 

BRILLIANT GREEN v. 'I riAenylmsthanii 

OOLOUBINQ MATTERS. 

BRILUANT ORANGE, -PONCEAU, -PUR- 
PURINE, •SCARLET V. Azo- colouring 

MATTERS. • 

BRILLIANT YELLOW v. Azo- colouring 

MATTERS. 

BRimSTONE V. Sulphur. 

BRINDONIA INDICA Gabcinia inuica. 

briquettes V . Fuel ; also Pitch. 

BRITANNIA METAL. Is an alloy of vari- 
able composition, usually containing only tin 
and antimony, although brass and bismuth are 
sometimes added. 

An alloy consisting of 9 parts of tin and J 
part ot antimony is attacked sliglftly by solii-^ 
tiSlw of common salt, potessium, ammonium,* 
and magnesium chlorides, potassium sulphate, 
potassium nitrate, and sodium carbonate. 
Caustic soda has a more marked action {Dingl. 
poly. J. 221, 259). 

This alloy is used in the manufacture of 
teapots, spoons, and dish-covers. 

Articles made from it may be colc^ured by 
heating them for J 5 to 30 minutes in a bath 
made by mixing 2 lbs. of water, I.} oz. oL cream 
of tartar, ^ oz. of tarta»iAnetic, 2 oz. of hydro- 
chloric acid, i lb. of j^ulverised zinc, and 1 oz. of 
jKiwdeted antimony. This gives them a brUliant 

By heating in a bath comjfised of 1 part 
tartar emetic, 1 partaoream of tytar, 3-4 of 
hydrochloric acid, and 3-4 of ground antimony, 


the folloVing tints may be obtained : golden, 
copper-red, violet, and blue-grey. 

^ A mettkllic ring can be giv^n to articles ii^de 
of Britannia metal by heating them igi an oil- 
bath to 220° and then cautiously raising 
the tcmi>erature to below 3° above the fusing 
point «f the alloy. Small articles must be kSpt 
at this temperature for from 15 to 30 minutes, 
large articles for one hour ; the bath is then 
allowed to cool. The rapidity of the cooling 
seems to have no appreciable effect (D. Ind. Ztg. 
1807, 507) (?;. Antimony). 

BRITISH GUM r. Dextrin. 

BROGHANTiTE. A hydrated basic copper 
sulphate, CuS()4-3(hi(OH)2, forming bright-green 
orthorhombic crystals, found in (brnwall, Urals, 
&c. It is largely present in some of the Chilean 
copper. ores, ^ L. J. S. 

BROGGERITE. A crystallised variety of 
the mineral pitchblende {q.v.) or uraninite^ound 
as small, isolated octahedra and cubo-octahedra 
in the felspar quarries'near Moss in Norway. It 
contains about 80 p.c. uraniun> oxide, together 
with thorium, lead, &c. Ckieite is a very 
similar, or identical, rnffleral found in the felspar 
quarries near Arendal in Norway. L. J. S. 

BROMAL. Tribwmacetaldehyde CBrjCIIO. 
Prepared by passing bromine into a solution of 
paraldehyde in eihylacetate (Pinner, Annalen, 
179, 68), or by passing bromine into absolute 
alcohol, fractionally distilling the product, and 
treating the fraction boiling at 165°-180* with 
! water. The bromalhydrato thus^ formed is 
[decomposed on distillation into bromal and 
water (Sclidfier, Ber. 1871, 366 ; Lowig, Annalen, 

1 3, 288). Bromal is an oily liquid boiling at 
1 174° (760 mm.) ; sp.gr. 3-34. Alkalis decompose 
it on heating into bromoform and a formate. 

Bromalhydrate CBr 3 CH(OH)i. (>j^stallise8 
from water in colourless monoclmic prisms con- 
tabling one molecule of water of crystallisation, 
m.p. 63'5*. It is less soluble than choralhydrate 
(Pope, Chem. Soc. Trans. 1899, 4G0). 

Bromal alcoholates. Br(^ialcthyIalooholate 
is a crystalline solid, m.p. 44° ; readily soluble 
in alcohol, sparingly soluble in water (Schiiffer, 
I.C.). fltard (Compt. rend. U4, 753) has de- 
scribed the action bromine on various alcohols 
with the formation of different bromal alcoho- 
lates. 

Thff following condensation products of 
bromal have been i)repare(l : Bromalammonia 
(Schiff and Tassiriari, Ber. 1877, 1786) ; com- 
pound with hexamethyhnetriamine (Lederer, 
Eng. Pat. 17693 ; J. Soc. Chem. Ind. 1897, 
1039); compounds with formaldehyde (Pinner, 
Ber. 1900, 1432) ; bromaldiaceiate (Grabutti, ' 
Gazz. chim. ital. 1900, 30, ii. 191) ; hromaU 
glycohte (Gabutti, Chem. Soc. Abst. 1902, i. 
261) ; and hromalchloralcarbamide (KoU^ and 
Co., Clumi. Soc. Abstr. 1902, i. 429). 

BROMALBIN. A bromine derivative of 
protein. 

BROMAUN, Trade name for a combina- 
tion of hexamethylenetetramine ivith ethyl- 
bromide used in the treatment of neurasthenia 
•and epilepsy (v. Synthetic Drugs. ^ a 

BROMBENZENE v. Phenyl. ^ 

a-BROMCARMINE and jS-BROMOMMINE 

V, COOHINBAL. » 

BROMEIGON. Trade name for an albumin 
preparation contaming bromine. 
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BROMEUA. Trade name for jS-rfaphthyl- 
etjiyl ether. 

^ROKETONE. Trade name for tribromo^ 
<er<>butyl alcohoM;Brg*C(C!Hs)|*OH. Us^d as a 
sedative' and aneesthetio in sea-siokness, vomit- 
ing, chorea, &o. 

‘BROMINE. Sym. Br. At. wt. 79*9?. An 
element belonging to the class of the halogens, 
and the orJy elomcnt, other than mercury, which 
is liquid at ordinary temperature and pressure ; 
discovered by Balard m 1820. Name from 
^pwfjLos, a stench. Never found free ; chiefly in 
combination with alkalis and alkaline earths. 
As AgBr, brom- argyrite or bromite, also as 
embolite in Lsomorphous mixtures with AgCl in 
Mexico, Chile, Honduras, in some Silesian zinc 
ores, and in Chile saltpetre. In sea water, in 
many marine plants and animals, and in many 
saline springs. Bromine, as bromindigo, has 
been f/)und to bo secreted by certain species of 
Murexi and is an essential constituent of the 
Tyrian purple of the aneitnts. Traces of it arc 
occasionally to j\>e met with in coal, and hence 
in gas hquora. 

Bromine is contained in sea water in the 
ratio of 0*3 gram Br to 100 grams Cl. Water 
from the Bead Sea contaii^s 3 grams of Br to 
100 grams CJ. ^ome maime brines analysed 
by Hicks gave the following results in grams 
per litre : — 


“C. 

mm. Hg 

•c. 

mm. Hg 

16*40 

189 

8. 34*7 

314 

.18*16 

152*6 

m 39*6 

378 

20*6 

172 

45*6 

478 

r22?0l) 

190 

.49*8 

663 

25*05 

212 

64*7 

668 

29*8 

259 

, 69*5 

768 

Solubility of bromine in water (Winkler) 

1 

part Br Is 

100 parts HjO 

100 parts Br 

dissolved ill 

dissolve 

water contain 

Temp. parts H»0 

parts Br 

parts Br 

0*00 

24 

4*107 

4*00 

10*34 

20-74 

3*740 

3*62 

19*96 

27*94 

3*678 

3*46 

30*17 

29*10 

3*437 

3*33 

40*03 

29*02 

3*446 

3*34 

19*85 

28*39 

3*552 

3*41 


Sp. gr. 
1*141 


Total 

solids 

17*00 


Cl. 

124*0 


Br. 

1*3 


The solubility of bromine in water is in- 
fluenced by the presence of chlorine. 

If 1 litre contains 

5 10 15 20 grams Cl 

it dissolves 

40 50 55 54 grama Br 

ros|)ectively. Solubility in the presence of 
1 mol. : — 

Na^SO. 24 NH*CI 82*2 

(NHAgSO* 77*7 NH^CaHsOj 340*5 

NaCl 55*9 . KBr 88*5 ^ 

grams Br per litre. 

The specific gravity of bromine water con- 
taining : — 


1*194' 

24*01 

170*9 

1*7 

Parts Br per litre 

Sp. gr. 

1*193 

22*04 

171*8 

1*0 

10*72 

1*00901 

1*221 

20-42 

202*9 

2*2 

11*08 

1*00931 

1*143 

18-40 

128*7 

0*0 

12*415 

1*00996 

1*168 

21*10 

154*1 

0*7 

12*31 

1*01223 

1*171 

22*40 

159*3 

0*3 

19 

1*01491 

1<202 

25*00 

189-2 

0-7 

20 

1*01807 

1*223 

20-98 

205-8 

1*7 

31*09 

1*02307 


1*062 

1-066 

1*075 

1*009 

1*057 


8*38 

^•82 

9*99 

9*27 

7*49 


55*0 
58*5 
65*7 
01 ’5 
50*5 


0*3 

0*4 

0-6 

0*3 

0*4 


At ordinary temperatures bromine is a dark 
brown-red liquid of most irritating smell, very 
volatile; vapour yellowish^red, and becoming 
less {jansparent when heated. 

It boils at 63® and solidifies at —72® to a 
brown-red cryst.allino mass of semi-metallic 
lustre and oonchoidal fracture. The solidifying 
point is considerably depressed by chlorine. 
The specific gravity of liquid bromine is 
3*18828, 0®/i® (Thorpe) ; if free from chlorine 
3*10227, 26®/4® (Andrews and Carlton). Co- 
efficient of expansion 0*0011 between 25® and 
30®. Specific heat of solid 0*08432 cal, 
of Jiquid 0*1071 cal, of gaseous bromine (J*0665 
cal ^ 

La|ent heat of evaporation at b.p. 45*0 
cal, critical temperature 302*2®. Vapour 



nun. Hg 

°0. 

mm. Hg 

--SO'O 

0*13 

1*8 

67*3 

76lr9 

0-79 

4*0 

77*3 

141*3 

2*89 

4*96 

82 

-b9*4 * 

m 

6*96 

86*6 

-iOH)6 

• 35*0 

7*90 

96 

^ 7*1 

44*6 

9*95 

104 

^ 0*13 

-02 ' ■ 

12*65 

119 


The vapour pressure of bromine water with 
liquid bromine as bottom body : — 


Temperature 

0-0 ® 0. 

mm. Hg 
08 

2*0 

76 

3*0 

80 

3*95 . 

83 

4*95 

88 

5*96 

92 

6*2 

93 

^ 0*96 

96 

7*95 

101 

10-0 

110 

«*5 

124 

16*9 

146 


Bromine water when cooled deposits bromine^ 
hydrate in hyacinth-rod octahedral crystals. 
Girau (Compt. rend. 1914, 169» T 


in the place of the composition , . 

usually given (I..6wig), Br|,8xl|0 on the strength 
of thermo-chemical and analytical data. 

The solubility of water in bromine is nnoer- 
tain; according to Wildprmann 100 xooL Br 
didsolye 0*4 mol H|0. Of technical impprtaiice 
is the solubility of bA^mine in tl» final mother 
liquors of bromine manufacture : 

At 2 10 20 30 40 60 86* 

64-4 64-q, eS'O 63-2 60-8 00-0 68-4 

grams Br are soluble in J^itre. 

BromineMs very ^tlibla m alooholt 
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« coaoemod, exolumvely 

Bulnhnrvi j', ohlonde, in th® shape of bromides, aocompanyinij; in bhimI 

aS quantities the chlorides of sodhim, calcium 

iTouid f mlgneBjfim. Its quantity is largeenough 

pressed apnreciably soluble m r®m. to admft of its being prepai^d direcclv from the 

300 Itm o.xygen. wbch at raw material, but where the latter.is k the firet 

itia raTumW at S»r^® quantity with wliinh inatanc* worked for sodium chloride and other 
‘ ^ “"*• *’'® bromide accumnlatea in the mother 

of 18 opaque to X-rays; the degree liquors, and can be recovered froiti these. Thus 

d rec?nroLrfln f compounds is in Balard, discovered bromine in fho mother 

Brnminf • I percentage of Br. liquors obtained on making common salt from 

nhSLffl violently on hydrogen, sulphur, sea-water, and for many yLrs it was prepared 
the htw aluminium, from the mother liquors of the saltworts at 

nof ^d potassium ; but it does Kreuznach, Schonebeok, Neusalzwerk, and other 

heati^r+^^mo Z P^»ces in Germany. It was also found in 1846, 

bines with unsaturated by Alter, in similar mother liquors in America, 
rlSlnf f ^ bleacher and especially in those at Natrona and Tarentum, 

rI!rK ^ vapour acts on the mucous later on at Pittsburg, Syracuse. Pomeroy (Ohio), 

membrane and occasions great irritation, and and in the Kanawha region in Wesl Virginia 
has been used, therefore, in gas warfare. (Mason City, Parkersville. &c.). T 

l^jxtmction and Manufacture. — BTomm(^ Manufacture was first begun in 1846 at 
occurs m nature principally, and so far as its Freeport, Pa. U.S. P?lt. 12077 for the extrao- 


yv h 





tion of bromine from brine was taken out in 
1864 by Amalie Stieren of Natrona, Pa. The 
American bromine industry is at prosqpt carried 
On at Saginaw, St. Charles, Bay City, Midland, 
and Mount Pleasant, Michigan ; at Pomeroy, 
Ohio; Mason, Heitford, and MaMen, West 
Viifinia ; in all these localitjes, except Malden, 
in connection with the salt industry. 

Untd about 1860 the little bromine that was 
made was nearly all used for scientific purposes. 
Then, however, medicine and photography began 
to demand a greater supply of bromides, and 
later on the manufacture of coal-tar dyes raised 
an evep more extended demand for bromine. It 
now became remunerative to recover itfin the 
working up of kelp x6r iodine, but tliis yielded 
only little and impure l^wmine, and wdfe not 
long continued. An idea was conceived of 
recovering it from th^ water of the Dead Sea, 
but the project, hardiv practicable in itself, was 
abandoned when Frank had shown,that an ample 
BUppb of bromine ooi^ be obtained from the 
mwer liquors of the ^ssfnrt potdbh industry 
Vot. l.-r. 


(»’. Potassium chloride). lie commenced his 
practical operations in 1865, when he manu- 
factured about 760 kgs. of bromine ; in 1867 the 
output had already increased to t(Mi8, and in 
1885 the Stassfurt .production of bromine was 
estimated at 200 tons per annum, the price 
•having gone down from 50 or 60 (sometimes as 
much as 90) marks per kilogram to 0*70 mark. 
This lowering of the price was principally due 
to the^act that since 1868 America hod comft into 
the market with bromine made from the above-, 
named saltworks ; their liquors oontained^t in 
such quantity that they were able to sell^uch 
below Siassfurt prices. 

The world’s production before tlie war was 
practically controlled by the ‘ Associated 
American Producers,’ and the ‘German Bro* 
mine Convention,’ in Stassfurt Leopoldakall. ^ 

The rise in price caused by the war gave a 
new incentive to the American Dromme ingustiy, 
However many of the new itfoduoetrs, after 
making considerable profits, have abandopad 
manufacture, and the industry in the tieiidly oi 

?t' r 
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Saginaw, Mioh., for instance, is now in the hands 
Q(f a few firms who buy the motlier liquors from 
other salt producers. ^ 

Chemical f^ocpMc/i . — ^The raw ^material 
worked at Stassfurt, crude camallite (v. Po- 
tassium CHT^OEiDi), contains bromine to the 
extent of from O' 16 to 0'26 p.c. in the ahape of 
hrom-carnallite MgBrj'KBrjBHjO, isomorphous 
with camallite. In the manufacture of po- 
tassium (Chloride, the magnesium bromide 
accumulaU's together with magnesium chloride 
in the mother liquors, which contain usually 
about 14 grams KOI, .60 grams MgS 04 , 348 grams 
MgClg, 12 grams NaOl, 2-4 .6 grama Br per 
htre, and have sp.gr. 1‘31, As il is impossible 
to separate the magnesium bromide by fractional 
crystallisation, the bromine is always extracted 
chemically, being re- 
jilaced by a current of 
chlorine, according to 
the equation : 

MgBrjj j (’Ij 

Tho chlorine is 
either generated within 
the liquors by means of 
liyfJrochloric acid and 
manganese ore, or it is 




— 'i H 

■'f- 


bC 


Fig. 2. 

prepared outside and passed (into the Solutions, 
cheap compressed chlorine in steel cylinders 
being nowadays available for that purpose. 

In the early days of tlm bromine industry, 
tho extraction was always done by intermittent 
working. "One of the first apparatus employed 
was devised by Frank, and is shown in Fig. 1. 
It (jonsisted of a square vessel or still, a, made of 
eand^ne or slate properly jointed toge^er, of 
.qtbout 3 cubic metres capacity, wui^ was I 
changed with a definite quantity of mother liquor 
prev^sly heated to 60® in tank b by steam coil| 
I ; about 200 k^s. of manganese ore, suflSoient for 
several operations, were spread on the false 
bottom a. After closing the man -hole f, the 
required quantity of sulfuric acid of sp.gr. 1*7 
j,was nMi in through pipe g, which was subse- 
quimtly etoppod up with clay, and live steam 
was Piiwed into the liquor through pipe k. The 
dilo^e evolved on boiling aotea upon the mag- 
nesium bromide preset and liberated bromine. 
J?h^ came over pufe at first, but above 75® a 


mixture of bromine, chlorine, and water vapour 
passed through the leo^ipe h and the stone- 
war^ condensing coil 0 mto the glass bottle P. 
holding shout 8 litres. The distillation was 
cati^ed ^)n until the pale colour of the vapours 
in the glass adapter n showed that no more 
bromine was coming o^/er. The condensate 
separated into a lower layer of bromine and an 
upper layer of bromine and ohlorine water 
which could be siphoned off through o into 
vessel B, and was added to a subsequent charge. 
Uncondensed vapours passed into vessel F filled 
with iron turnings and water, and fitted with a 
collar, p, to allow for frothing, with a run-off 
into jar g. Each operation, lasting an hour to 
an hour and a half, was terminated by knocking 
out plug I, and running off the liquor through the 
covered culvert m connected to the factory 
chimney. 

1'he efficiency of this process was very smhll, 
each operation yielding 2 to 2 5 kgs. bromine, the 
average yield amounting to not more than 0*1 
pc. of the mother liquor. The intermittent 
metiiod entaih-fl sovoral drawbacks — loss of j^e 
and material, besides the contamination of the 
atmosphere. These disadvantages gave rise to 
various continuous processes, the first of which 
was patented by Frank in 1878. 

He employed a serjes of decomposing vessels 
at different levels, allowing the nealed liquor 
to run from the highest into the next lower one, 
■ind so on, passing at the same time chlorine gas 
generated outside 
and steam into the 
lowest vessel, and 
in counter-current 
to the higher ones. 
He thus obtained 
a steady stream 
of bromine on the 
one hand, and a 
solution of mag- 
nesium chloride 
practically freed 
from bromine and 
uncontarainated 
with manganese 

salts, on the other. 

After a time, ohlo- 
rine was passed 
I into the second lowest vessel, and steam only 
I into the (ipwest, to free its contents from chlorine 
i before running off. However, the high pressure 
i required to force the chlorine gas through 
i several successive layers of the liquor presented 
great difficulties ip tho design and workiiifi of 
I this plant. These were overcome by the applica- 
tion of the scrubber principle in the apparatus/ 
jmtented in 1882 bv the Leopoldshall (Jbemioal 
Works (D. R. P. 19780), and shown in Fig. 2. 

The heated mother liquor flows through the 
water-sealed pipe a into column A constructed of 
stoneware or acid-resisting stone, where it is 
evenly‘^ distributed by pipe b. The column is 
^Hted with stoneware balls, c, c resting on a 
gratfiig which effects* a good contact of the 
liquor with the chlorine jas ascending through 
pipe z. This pipe is wide enough to serve also lis 
outlet for the liquor which runs into the steaming 
vessel B, prorided with a number of suMCtm- 
posed fi^stone shelve^^ oompeUing the liquor 
to flow m*’a sfigzag course, and finally 
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through pipo ». Stowp is forced into this 
vessel by meailgf of ^tone pipe g and is ^tri- 
buted through pertOTations m its base. The 
contents of b, which is always ful!^are kept 
boiling, and the steam rises principally tlffoiigh 
holes in the flagstones, thereby freeing the 
liquor from chlorine find bromine. The vapours 
meet the current of fresh chlorine arriving 
through pipe I (shown in dotted lines), which is 
conveyed through pipo z into the tower a, 
decomposing the magnesium bromide. The 
bromine is taken off on top, and passed by pipe o 
til rough the stoneware condenser p into the 
receiver q. The uncondensed vapours are led 
through a:, into receptacle n, and arrested in the 
smaller scrubber d suspended by rod <, and fitted 
with iron borings, kept moist by a stream of 
water from tube/. The iron bromide collected in 


n is siphoned off through v into jar w. The regu- 
Itrity of the current of chlorine arriving from m is 
V controlled by the amount of water 

11 condensing in the bond of the glass 

, jr'”' tube 1\. If too much watoj has 

II accumulated, it is blown through 
^ftJI the rubber tube n into the chlorine 
^ -.1 SI washer D. By filling the bend of h 
. C with water, the current of 

-.I.- y 8®^ interrupted. 

IZZ r ID • Of late years 

I chlorine electro- 

I ^ lyrically prepared 

compressed 

^ ^ steel cylinders 

A has been used, 

I. — whereby the rc- 
gularity of the 

t • complete control, 

ll 06^. ...... paratus pa- 


tented by Wiinsche-Sauerlftrey (Fig. 3) is based 
on the same principle as the foregoing. It is, 
however, technically more perfect and conse- 
quently much superior m efficiency. 

It consists of a decomposing •vipssel a, a 
eteaming vessel b, a condenser c, and an auxiliary 
condenser d. The four units are built up of ! 
cast-iron elements of hexagonal ^I’oss-section, 
liiiW with stoneware platep and filled with a* 
very laige number, several thousands, of 
specially designed contact bodies (D. R. P. 
158716) which rest on gratings of the same 
material. The four units are so arranged in 
height that a perfect counter-current is obtained, 
ana in both the decomposer and condenser two 
centre gratings are provided, in order to keep 
a free space. The chlorine is passed ^to the 
decomposer at b, the liquor entering through a 
at a temperature of 66® frftftor treatment*m this 
imit it runs into the sf^ming vessel through pipe 
where it is freed from cnlorine and bromine 
vapours by means of live steam entering at d, 
the vapours passing into the free space of the 
decomposer. The hrcioinoeleaves the decom- 
poser at a temperature of about W and under- 


goes preliminary cooling in the auxiliary cim. 
denser D„but is completely condensed in Jhe 
princiml condenser by a fbream at water, 
passing subsequently a bromine and water 
separator. 

The features of this apparatus are the com- 
plete recovery of bromine and the thorough 
utilisation of steam. Althougji of moderate 
dimensions, the apparatus is capable, on account 
of tHb number and arrangement of contact 
bodies, to recover 260-270 kgs. bromine from 
160 cub. m. liquor in 24 hours. It requires Oh kg. 
chlorine for every kg. of bromine made, and only 
3 to 6 kgs. bromine are necessary in the form of 
iron bromide for the subsequent removal of 
chlorine from 100 kg^. crude bromine. The cost 
of production of 1 kg. bromine is 0-45 to 0-60 
mark. • 

Whilst the value of Wiinsche’s apparatus 
depends on the most favourable distribution and 
utilisation of gas and liquor, Kubierschky has 
designed a plant (Gor. Pat. 194667) in which the 
counter-current proper is divided into a number 
of systematically arranged parallel currents, 
recognising the fact tnat bromine vapour will 
be heavier the purer it becomes. As the ratio 
of the density of wfiter to that of bromine is 
18 : 160, a simple upward currdbt cannot possibly 
yield the best separation, as under curr^ts will 
alwavs be sot up. 

The apparatus consists of a single tower 
column, shown in Fig. 4. 

It is lined with stoneware and*divided into 
superimposed compartments, the division plates 
being liquor- sealed and allowing liquid to pass, 
but not gas. The compartments are pro- 
vided with perforated plates pp or other contact 
bodies. Communication between the compart- 
ments is established by tubes rr so girranged 
that the vapour alwa} s enters from the 'lower 
compartment into the upper part of the ne^t 
higher one, then descends ofbr the plates along 
with the liquid, and enters the vapour pipe near 
the bottom, passing through this pipe again to 
the top of the next compartment, and so forth. 
'The previously heatea i 

mother liquor enters at f • , f 

the top of the cqjumn, 
runs down in a direct 
course and is met by 
chloriAi introduced in the 
lower part. Steam is 
passed into the bottom 
compartment, and follows 
the course described. 

The bromine, not sub- 
jected to under-currents, 
issues at (I from the 
column and is condensed 
in an earthemware coil. 

Although of extreme 
simplicity, this apparatus 
is much superior to all 
the others, especially in i 

regard to yield, this Fig. 4. 

amounting to from 90 to 
96 p.o. of the bromine present in the crudi liquort. ' 

The mother liquors, obtained by spontaneous, 
evaporation of sea- water to spjr. l* 27 t at riw 
salt works of Salin de Giroud, mtiUk of France, 
are used for the production of bromine. TW 
are further concentrated to specific gravity 
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1*^8 and allowed to oiystalliBe during the 
winter. After removing the magneidum sul- 
phcte, bromine ^is extracted in the"^ follfiwing 
spring by purapisag the liquors into vojsels of 
20 cub. m. each, from which they descend in a 
regulated stream into stone rectifying columns 
through which a current of chlorinef from 
cylinders, and a current of steam ascends. The 
bromine, after passing through an inclined 
U-tube aiid*u condensing coil, is separated from 
the water by gravity, the bromine -water being 
returned to the column. The crude bromine is 
rectified by passing steam through it, which 
carries away the chlorine and part of the bromine. 
Three units are employed, each of which deals 
with 50 to 60 cub. m. of mother liquor in 24 
hours, and yields about 100 kilos of bromine 
Forty-four^ tons of bromine containing only 
about 1 p.c. of chlorine are thus obtamed 
annurlly from 15,000 cub. m. of mother liquor. 
The liquors, after the extraction of bromine, are 
worked up for potassium' chloride. • 

In Americarthe manufacture is carried on in 
the majority of works in Ohio, West Virginia, and 
Michigan, by the intdimittent process. The 
bittern from the main grainers of the salt works 
is further concentrated to e sp.gr. of about 1 *38 
(hot), and then ipa8.sed to the bromine stills. 
Most qt these are made from sandstone quarried 
at Buena Vista, near Portsmouth, Ohio, where 
the sandstone is practically free from iron oxide 
and is of close texture. The shape and con- 
struction di/Ter in the various plants, and their 
working capacity ranges from 400 to 1200 gallons 
of liquid. Sodium ciilorate and sulphuric acid 
of sp.gr. 1*84 arc used in liberating the bromine 
frorai the bittern. The use of manganese 
dioxide and potassium chlorate lias been dis- 
continu^. Steam is passed into the solution 
and, as^he temperature rises, a reaction takes 
place approximately represented by the following 
ijuation : — « 

^MgBrj-fSHjSO^+NaClO, 

=6Br+NaGH-3MgS0^-f3H20 

The bromine set free passes from the still 
together with argr excess of chlorine which is 
liberated. The bromine v^our is freed from 
shlorine after passing throu^ washers filled with 
milk oTlime forming calcium chloride and calcium 
hypochlorite. Some bromine is taken uprtiy the 
lime, but is recovered later. The bulk of the 
bromine vapour is condensed in three lead coils 
arranged in series, each of which discharges the 
condensate into glass bottles, whilst any bromine 
passing the last bottle is caught in towers 6 feet 
bo 8 feet high and 2 feet to 2 feet 0 inches wide, 
made of sewer pipe and filled with coke. The 
bromine caught beyond the first bottle is i^ually 
Father dUute and may be returned to the still. 
The* lead pijees have lately been replaced by 
atoneiQare coils in several works. About 

lbs. of bromine are obtained from 700 gallons 
bittern. 

TPhe 'drawbacks of the intermittent process 
liave led to the introduction of continuous 
PTOoeSB^i^ The Bow Chemical Company of 
Midland, has patented a number of 

modifi^tions of these. 

The oblorin# used may be produced obemi- 
cally or eleotrolytically within the reacting mass, 
W fntnijduced from outside. In the place of 


steam for the removal of free hromine a ounent 
of air is used. 1 he broj^e is abstraoted from 
the bromine-laden air ohemioal re-agents 
such as iron turnings, lime, sodium bicarbonate, 
and* ^others. These are worked up for pure 
bromine or bromine salts by subsidiary processes ; 
for instance, the ferric bromide solution may be 
converted into solid ferrous bromide by treat- 
ment with further iron. 

Electrolytic Processes . — Of recent years, 
efforts have been made to effect the separation of 
bromine from the magnesium-bromide liquors 
by means of electrolysis. A number of pro- 
cesses have boon deVised by Wiinpche, HSpmer, 
Nahnsen, Pemsol, Rinck, Bow, and Kossuth, 
but although in some cases plants have been 
working with more or less success, their 
introduction has not become general. All 
but the last-named process employ dia- 
phragms, to avoid secondary reactions. 
Kossuth works without this, and achieves a 
great simplicity of plant and working, but at the 
expon.se of curreryb required. The yield of 
electee energy is 40-50 p.c.' in his case, and 
not more than about 70 p.c. in any other method. 
This low yield is largely due to the extremely 
small percentage of bromine in the liquors and 
the consequently large bulk to be dealt with, and 
to the formation of bromates and chlorates. 
The formation of solid magnesia is another 
drawback. 

In nearly all the electrolytic methods pi;o- 
posed, the bromine remains -dissolved in the 
solution and must be recovered by the processes 
de cribed above. 

Purification qf Bromine . — Crude bromine, as 
obtainq^ by moSt of the processes described, ; 
contains very small quantities of iodine, cyano- 
gen, bromoforra and carbon tetrabromido. load 
bromide, ard principal impurity from 1 to 
4 p c. of chlorine as chloride of bromine. The 
oldest method of purification consisted in agitat- 
ing the crude bromine with a solution of potas- 
sium or ferrous breraide. On account of the 
frequent breakages of the glass vessels employed, 
this method was replaced by that of redis- 
tillation. In some places glass retorts were 
used for this piirpos^, containing. about 15 kgs. 
and heated in sand-baths. Only 3 or 4 charges 
could be worked in one vessel, and fracture of 
the retorts was a not uufrequent oceurrenoe. 
In Stassfiwt sandstones stills were and are still 
employed. Those were square troughs with a 
stone cover, holding about 1 cubic metre. The 
^distillation "Is earned out in the presence of 
ferrous or calcium bromide, these liquors being, 
when used up, added to the original mother 
liquors. Qf late years advantage has been taken 
of the improved products of the stoneware 
industry, and stills of this material are largely 
used. To avoid the occasional cracking of these 
stills, Mitreiter employs vessels of boiler pUte- 
lined wj^h a bromine-resisting material. 

The stiff is charged witji 200 Btres fetttm# 
bromide solution of 13*^ to and abnnt 

600 litres crude broiMne. The temperature is 
gently raised by direct stfam up to 
point. Bouble decomposition ensues hetwm 
chlorine an(^ ferrous bromide, and 
distils over aad is condensed in a etqpewofe 
coil, separsM from water and then ooikt^l* 
only from u-OS to 0*10 p.e. oMoiine^ * '- f 
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JPnra bromine may bo made, according to 
Bazotow, without the^aid of steam or heat, by 
adding sulphuric aoidik> a mixture of 5 pifrts of 
bromide to 1 part of bromate in a oament-lined 
tub cooled by a lead coil, but kept lboiie*the 
crystallising point of the sodium sulphate formed. 
The free bromine rformed according to the 
equation : — 

SNaBr+NaBrOa+SHjSO* 

^ =3Na,vS04+CBr+3HjO 
can be drawn off from the bottom of the con- 
denser, the yield being 95 p.c. of liquid bromine, 
whilst the remainder is 


blown out fiom the 
solution with a current 
of air and recovered 
with alkali. 

In another process, 
patented by Barstow 
(Fig. 5), a strong iron 
bromide solution is fed 
from tank 2 into the 
top of a tailings tower, 

1, passes through a con- 
Tdensing coil, 3, thence 
through a re-action 
column, 4, in which it 
meets a rising stream of 
chlorine gas supplied *| 
from 6. The mixture of 
iron chloride and liquid 
bromine flows ^own- 
ward through the re- 
action column, and from 
it through a cooling 







worilf, 7, to a cou- 
tainer, 8, where it is 
separated by gravity. 
Fe CU ^ vapour formed by the 

■■■■ - ■■ heat produced in the re- 

(jiSr ® action column, or carried 

Pio. 6. away by air, which may 

be contained in the chlo- 
rine gas, is re-condensed hi 3 or scrubbed out 
in tower 1. Any chlorine contained in the 
crude bromine is removed by agitation with an 
iron bromide solution, and the bromine retained 
by the iron chloride solution may be^lown out 
with air and re-absorbed with a solution of 
ferrous bromide. No steam is used in the pro- 
cess, and the iron chloride can be pioduced as a 
commercial solution of sp.gf. 1*32. * 

Recent processes attempt the purification by 
rectifying T^bout the aid of chemical agents. 
Kubiersohkv (Ger. Pat. 174848) employs in con- 
nection with his separating ap^ratus a refining 
tower ; the crude bromme nows downwards 
into a TOisel charged with bromine and kept at 
boiling temperature. The chlorine rises in the 
tower, and * the boiling bromine, freSd * from 
chlprina, is continually siphoned off and cooled. 

T|;ie German Solvay'Q^ks (Ger. Pat. 106448) 
have found that in raising the temperature of 
crude bromine very uowly and keeping it just 
usder its filing-point, it is possible to free it 
eitMyfrom its omorine. The tf e factor is of 
geoit mportanoe for the sucpessful carrying out 
of tfaehf process* * 


On heating a charge to 69° for 36 to 40 hours, 
it is possible to remove practicallv all the chlonno 
with not ffiuoh more brominepthan correspands 
to the Composition of bromide*of chlorine. 

Bromine is sold in strong, white, stoppered 
bottles, holding I litre, and containing 2^ or 3 
kilos. tThe glass stoppers must be well grounS ; 
they are secured by pouring some sheUao on to 
the joint, covering them with day putty, and 
tying wet parchment paper over all.* From four 
to twelve such bottles are placed in a wooden 
box, the spaces between being tightly filled with 
kieselguhr or brown-coal ashes, depending upon 
whether the bremine is exported or sold for 
inland consumption. 

The principal applications of bromine, 
whetW in the free state or in the shape of 
bromides, are in photography, in qjiedicine, in 
the manufacture of coal-tar dyes (especially 
eosine), and in scientific and analytical chemistry; 
in the latter it has to a great extent taken the 
place of chlorine, ov^g to the greater con- 
venience of its manipulation. A similar substi- 
tution has been proposed for many technical 
purposes. It is used ffi the extraction of gold 
and the refining ot platinum, and in connection 
vrith the manufactyre of Prussian blue and 
potassium permanganate. It* is also a disin- 
fectant, and has found some application for 
this purpose, especially in the shape of hromum 
sohdificatum patented by Frank (Ger. Pat. 21644). 
This is kieselguhr made plastic by means of 
molasses, Ac., pressed into sticks of i- and ^-inch 
diameter, dried, burned to the extent that the 
sticks acquire a sufficient degree of frdness 
without losing their porosity, and saturated 
with liquid bromme in wide-mouthed stoppered 
glass bottles. After the excess of bromine has 
been poured off, the sticks remain behind, con- 
taining about 76 p.c. of the weight of oromine, 
and are sold m the same bottles. This is a veij 
convenient form of applying it, as a certain 
number of sticks represent a given weight, and 
no weighing out of hquid bromine is required. 

Bromide of iron is made at Stassfurt and in 
America, and serves principally as raw material 
for the manufacture of potassium and sodium 
bromide. It is a compouncf of the formula 
FcjBra, containing •56-70 p.c. bromine, up to 
0-6 chlorine, 18-19 p.c. iron, and 10-15 p.c. 
water •ud insoluble matter. The older method 
for its manufacture consists in passing bromine 
vapours free from chlorine over kon borings or 
turnings contained in a cast-iron or stoneware 
vessel, and kept moist by a stream of water. 
The solution obtained is passed through a filter 
cloth or sand filter to remove impurities, notably 
carbon, and evaporated in cast-iron pans, 
wherqjiy enough bromine is added to obtain the 
compound FeaBr,. The brown-red solution 
is concentrated to a pasty consistency and 
allowed to cool to a black crystalline magp. 

The Associated Chemical Works of Leopolds- 
hall have introduced a method wheiAy a 
charge of 1 ton of steel wire and turnings is 
treated in a closed stone trough with a mixture 
ol bromine vapour and steam in tfeie rigl)^, 
proportion. The admission of bromine is so 
regulated that no bromine vapours ar% visible* 
through a sight-glass provided on the OfUuet pipe 
whioh is oonneo^ to a little scrubber aol^ m e 
I catoh-boz. As soon as brown vapours aiMl the 
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falling; of the temperature fiom 170^ to 1 \K>° indi* 
oa^ a lessening of the activity of the iron, the 
ope^tioD is terminated and the solution run of. 
Being sufBoientlji concentrated, the solution 
obtained* in the process may be run direct into 
the transport^ barrels, where it is allowed to 
cryistallise. , 

Bromine salt. In connection with the 
manufacture of*bromine a substance commonly 
called * brcmine salt ’ is produced^ whic^ finds 
application in the ex;traction of gold ores. It is 
practically the mixture NaBrO,+2NaBr, and 
is made by saturating concentrated caustic soda, » 
solution with bromine. The solid salt obtained 
after draining off the mother liquor — which is 
evaporated — nas the approximate composition 
INaBrOj+SNaBr, To this sodium bromate, 
eleotrolytically prepared from bromide, is added, 
and the milture finely ground and packed in 

HySrobromlo acid. HBr. Bromhydric acid ; 
Hydrogen bromide, A colourless pungent gas 
of irritating sm^U ; fumes strongly in the air. 
Condenses to a liquid at — 73“. May be ob- 
tained S 3 rnthetically byi passing bromine and 
hydrogen through a hot tube or over heated 
platinum. Best prepared by action of phos- 
phorus and bromii^e on water, 6 Br-l-P+ 4 H 20 = 
HjPOi-fSHBr; or by the action of a concen- 
trated solution of H 8 PO 4 on KBr ; or by drop- 
ping Br upon melted paraffin heated to 185®. 

Gas very soluble in water ; weight of normal 
litre 3'6445 grams; solution when saturated 
forms a colourless, strongly acid liquid of 
sp.gr. 1*78, and contains 82 p.o. HBr by weight, 
ct^rresponding to the formula HBr,HjO. If 
the concentrated acid be heated at ordinary 
pressures, the gas is evolved until the amount 
of HBr in the solution sinks to 47-48 p.c., when 
the liqiftl boils coustanLly at 120 ® under a 
* pressure of 760 mm. This proportion of HBr 
ogirresponds to HBr-f-OHjO, but the liquid is 
rot a true hydrate, since the composition is 
altered by varying the pressure ; thus if f lic 
pressure be raised to 1*95 mm., the solution boils 
at 153® and contains 46*3 p.c. HBr. 

The sp.gr. at 16® and p.c. composition of 
aqueous solutions ^f hydrobromic acid, is given 
in the following table (Wright, Chem. i^ews, 23, 
242) 

8p. gr, HBr p.c. I Sp. gr. HBi®p.c. 


For pharmaceutical purposes a dilute solu- 
tion of nybrobromic acid may be prepared by 
dissolving 84^ grains of potassium bromide in a 
fluid ounce of water and adding 9 grains of 
tartaric acid to the solution. After standin{|[ acid 
potaailum tartrate crystallises out and the 
solution contains about 10 p.c. of hydrobromic 
acid. ^lydrobromic acid has been used in the 
treatment of ear oomjilaints. B. L. 

BROMINOL {brominoleum). Trade name for 
brominated sesam^ oil 

^ . BXOMIPIN, BROMOPIN. A combination of 
mbmipp with sesam^ oil employed in medicine 
•{v. SyNjODBUO Bbugs). 

BWtSrtE BROMYRITE. Native silver 
bromide, found in Mexico and in Chile (v. 
Silvbe) 5. 


wBROMOACETOPHENOKB v. Kstoniis. 

BROMOOHINOL Trade name for aoid 
dibronLosalioylate of quiiiine. 

BROMQflOLL v. Syntheho Dbuos. 

BROMDFORM. Tribrommethane CHBr,. This 
substance is occasionally met with in the liquid 
left after the rectification oi^bromine, in whi^ it 
occurs associated with chkrohromoform CHBrjCl 
(Dyson, Chem. Soo. Trans. 43, 46) and carbon 
teirahromide CBr^ (Hamilton, ibid. 39, 48). 

Preparation.— it may be obtained by mixing 
100 o.c. soda lye, 200 o.c. acetone, and 20 c.o. 
bromine. When the reaction has oeaesd, 10 o.c. 
acetone are added to remove the yellow colour 
of the hypobromite, the layer of bromoform 
which separates being tapped off and rectified. 
Yield 76 p.c. (Denigfes, J. Pharm. Chim. 24, 243). 
It may also be prepared by the simultaneous 
action of bromine and caustic potash on alcohol, 
of bromine and lime on acetone (Beniger, 
Amer. J. Pharm. 63, 80) ; of calcium hypo- 
chlorite and potassium bromide on acetone 
(Fromm, Pharm. Zeit. 39, 164), and by the 
actioiv of alkalis on promal. It has been made 
clectrolytically from pptassium bromide and 
alcohol (Fabrik vom Schering, D. R. P. 29771) ; 
from potassium bromide and acetone (Coughlin, 
Amer. Chem. J. 27, 63 ; and Muller and Loebe, 
Zeit. Elektrochem. 10, 409), and from calcium 
bromide, alcohol, and water (Trecheinoki, Chem. 
Zentr. 1907, i. 13). 

Properties . — It is, when pure, a colourless 
liquid, solidifying at 2 * 6 ® and hOtUing with slight 
decomposition at 146® under 761 mm. (Wolff 
and Schwabc, Annalen, 291, 241), at 161®/760 
mm. (Thorpe, Chem. Soc. Trans. 37, 1880, 
201. Sp.gr. 2^302, I 6 ®/J 6 ® (Perkin, Chem. 

Soc. Trans. 45, 533); 2-8119, 8-6®/8'5® (Thorpe, 
loc. cit.). It is decomposW by potash into 
potassium bromide, hydrogen bromide, and 
carbon monoxide, and may be estimate by 
means of this decomposition (Desgrez, Compt. 
rend. 125, 780, and Annalen 23, 76 ; and 
Richaud, J. Pharm. Ohim. 1899, 232). Under 
the influence of li^t and air it decomposes, 
the decomposition products depending on the 
time of exposure and the amount of available 
oxygen (Schoorl and Van den Berg, Chem. 
Zentr. PJ06, i. 441 ). It has been used to a slight 
extent as an anaesthetic, and in the treatment of 
diphtheria. Bromoform in water, to which a 
little alcoI|pl has been added, has been success- 
fully used in cases of whooping-cough compli- 
cated with pneumonia (Stepp and Goldschmidt, 
J. Soc. Chem. Tnd. 1890, 2J3). 

« BROMOGUDINE, BR0M06LUTEN, BIO- 
MOPROTEIN. Prejparations of wheat gluten 
or vegetable albumin containing bromine used 
as substitute for alkaline bromides. 

BROMOL, BROMOLEIN, BROMOTAN v. 

Synthetio Dbugs. 

BROMURAL. Trade name for a^monobrom- ^ 
isovakrylurea. Employedjae a hypnotic. Forms 
white needles, slightly bitter in taate ; readily 
soluble in hot water, alcohol, 'and ether, qmring^ly 
solubl^in cold watery. ;Da.p. 147®. 

BRdNNER'S ACID, iNaphthyiamine flr . 
Bulphonio acid v. NaphthIlbne. 

BRONZE V. Tik. 

BRONZE {{pWDERS. Bronxe powders ace 
composed of oopM, shm, tin» and antimony^ 
melted together in the requisite proportions 
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In thd process of manufacture, the alloy is oast | 
into ro^ ^ inch in diametor and 3 feet long. 
These are rolled until about 2 inches wide», and 
then cut into lengths suitable for handling. The 
pieces ^ hammered out thin, and clAnstd by 
immersion in dilute sulphuric acid. The (kied 
material is then beaten out by steam-hammers 
until the limit of thickness is reached, when it is 
cut up ^ shears into small particles or * clip- 
pings.^ These are then pulverised in stamp milhi, 
and the powder sifted, to separate the heavier 
and better quality powder from inferior material. 
The latter is mixed with quartz powder and 
sold very cheaply (J. Soc. Chem. Ind. 1893, 12, 
476). 

The expense of the above process lies mainly 
in the production of ‘ clippings,’ which necessi- 
tates a great deal of handwork, and a number of 
methods have been patented for reducing the 
alloy to a finely divided state by mechanical 
means. According to one method, the molten 
alloy is rained into a sheet-iron chamber, in 
which a shaft carrying blad^ is rapidly rotated, 
BO as to greatly agitate the air ana thereby 
minutely subdivide the metal at the moment of 
solidification (Fr. Pat. 331371, 1903). In 
another, the molten metal flows in a thin film 
into a receptacle, where it meets a current of 
compressed air or else a ^et of water, the object 
being to produce bronze foil or leaves (Eng. 
Pat. 9064, 1903). Methods have also been 
patented for casting the metal in thin films on 
the inner surfaco^of a rotating hollow cylinder 
or in the annular space between two rotating 
cylinders (J. Soc. Chem. Ind. 1903, 22 , 150; IV. 
Pat. 335112, 1903). 

After the powdered metal has been sifted, 
the coarser grades ajo polished in a closed steel 
cylinder, in which steel wire brushes rub against 
the walls. When it is necessary to reduce the 
powder to a finer state of division, it is rubbed 
with gum-arabic solution, washed and dried at 
the lowest possible temperature. 

Zinc-dust is frequently coated with brass by 
simple immersion in a oopp*er and zinc cyanide 
solution, the powder being kept agitated by 
means of brushes (J. Soc. Chem. Ind. 1894, 13, 
893, 958); the product isi treated finally in a 
polishing mill, and used as a bronze powder. 

Bronze powders have also been described 
containing ^10 p.c. of aluminium, and 0*05- 
O'l p.c. of bismuth. The shade oL colour is 
altered by varying the percentage of muminium, 
and by heating in air (D, R. P. 44242, 1887). 

Few analyses of bronze powder* have been 
puBKshed (J. Soc. Chem. Ind. 1910, 29, 1062).» 
‘Gold* and * bronze ’ powders were found to 
contain 70-85 p.c. of copper, and 30-16 p.c. of 
zinc, together with small amounts of lead, tin, 
arsenic, iron, and aluminium ; * aluminium * 

powders consist of nearly pure aluminium ; and 
^^ver* powders contain 77 p.o. of zinc and 
21*5 p.o. of aluminium. 

Bronze powdelrs are coloured in vari(Ai 8 ways. 
One method consists in heating the powder* in 
on open Teasel with oi^^nd vineg^, dt with 
wax, paraffin, or oils containing sulphur. 
Buchner’s process confiists in shaking the powder 
in a closed vessel with hydrogen fulphicle aolu- 
tion, allowing to stand 24 hou|s, orying and 
bea^iDg in an oil-bath tmtil jufficiently coloured 
(J. 8oe* Chem. Ind. 1b96, 15, 289). Artificial 


dyestuffs* are also used for colouring bronze, 
powders. 4 

The following are examples : — ^ 


Colour of 
powder 

t 

HetalUo 

constituents 

Total 

organic 

matiler 

• 

Colouring 

matter^ 

Pink . 

Copper 

0'8j).c. 

Azine scarlet 

Blue • 

Tin and zinc 

3*8 „• 

Victoria blue 
411 

Copper colour 

Copper (little zinc) 

5-6 „ 

Safranine 

Violet. 

Tin (little copper) 

3*8 „ 

Fast neutral 
violet B 
Malachite 
green 

Pale green . 

Copper and zinc 

4'8 „ 

Olive green . 

Copper and zinc 

5-9 „ 

Brffiiant 

green 


Bronze powders are used considerably lor 
printing on textile fabrics. For this pj^pose, 
they must be mixed with a * fixer ’ which aUows 
the powder to be readily applied to the material, 
whilst BO fixing it that brushing ^vill not remove 
it ; the fixer must not, of course, interfere with 
the brilliancy of the yowder. Two classes of 
‘ fixers * are in use, egg or blood albumen, and 
various varnishes having caoutchouc as their 
base. In printing luch good^, the main point 
to be observed is that the impression shEill be 
sharp, and applied with sufficient fSree to 
prevent the particular fibres from again rising. 
(For further particulars, v. J. Soc. Chem. Ind. 
1896, 15, 283 ; 1900, 19, 243 ; 1906, 25, 1040 ; 
and for various bronze powder substitutes, v, 
ibid. 1896, 15, 284.) 

BROOKITE r. 'riTANiuM. 

BROOM TOPS. Scoparh cacumina B.P. 
Scoparius, U.S. Pat. was deleted in 1916, but 
Sparteinos sulphas is retained. (Genit ^ halaie, 
Fr. ; Besengimier, Her.). The tops of the « 
common broom, Cytisus scoparius, Link=s 
Spartium scopanum, L. (Bent*, a. Trim. 70), hav^ 
been employed for tliei^ diuretic action since the 
Anglo-Saxon period, and art^ noticed in nearly 
all the herbals and pharmacopooias (Planta 
genista). The main constituents are sparteine 
and scoparm. , 

Sparteine a liquid alkaloid (Sten- 

house, Annalon, 18* I, 78, 15 ; Mills, ibid. 1863, 
126, 71) ; subsequently shown to be identical 
with lAinidinc from yellow lupin seeds ( L. luteus) 
by Willstatter and Marx (Ber. 1904^ 37, 2361). 

It may bo obtained from broom tops by extrac- 
tion with very dilute sulphuric acid, concentra- 
tion of the extract and steam-distillation of the 
residue, after addition of alkah. The crude 
alkaloid may be purified by distillation in a 
current of hydrogen. 

Pupperties. A colourless liquid, sp.gr. 1*034 
at 0®, b.p. 188® under 18*5 mm., or 325^ in a 
current of hydrogen under 754 mm. pressure 
(Moureu and Valeur, Compt. rend. 190i, 137, 
194), 180'5° under 18 mm. (W. and M. l.c.). 
Slightly soluble in water, soluble in alcohol, 
ether, or chloroform ; insoluble in hght petro- 
leum or benzene. The aqueous solution i%alka- 
line and very bitter, — 14*6® hf aTcohdl* 

(Bamberger, Annalen, 1886, 236, 368), 5 - 16*42® ♦ 
(M. and y. Ic.) at 20®, Spartq^e is a acidic 
base, which forms difficultly orystaUisable saltik 
The alkaloid and its salts are toxic. 
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ReacH&ns anA conetitidhru Bpar&ine be* 
haves towards alkyl iodides as a ditertiaiy 
basf, but contains no methyl linfted to N 
(Herzig and Me^r, Monatsh. 1894, l£f, 613 ; 
1895, Id", 599 ; M. and V. l.c.). It furnishes no 
reduction products, and is unaffected by jnsr- 
m'&nganate* Sparteine reacts with laethyl 
iodide to form two inonomethiodides, which are 
regarded as sttreoisomerides. On ‘exhaustive 
methylatien*’ sparteine furnishes hemis^artei- 
lono CijHjgN and trimethylamine and finally 
sparfceilene CjgHjo- Cfn oxidation with chromic 
acid it yields spartynno and oventu- 

ally oxysparteine •With hydrogen 

peroxide dioxysparteino OigHjgOjNg results, 
presumably a di-ammonium oxide. From these 
and other data Moureu and Valeur (Compt. rend. 
1905, 141, 261, 328) have assigned the followmg 
formula to ^arteine — 


Ollg. 


-CH, CHg 


Ijh-cu 


ll-CH.-UH.-CH 

I *1 

CH, CHCHj-CH 

Spnrteiue, 


I 

IHg CHg-N 
-('H, 


The principal papers relating to sparteine are as 
Mows ; Ahrens, 13er. 1887, 20, 2218 ; 1888, 21, , 
826; 1891, 24, 1090; 1892, 25, 3607; 1893,! 
26, 303!) ; 1897, 30, 195 ; Moureu and Valeur, , 
Compt, rend. 1903, 137, 194; 1905, 140, 1601, 
1645; 141, 49, 117, 201, 328; 1907, 145, 815. : 
929,1184,1343 ; 1908; 146,79; 1911,152,380,: 
527; 1912, ‘154, .309; Bull. Soc. chim. 1909, 
[iv.] 6, 31, 37, 40; and resume' Aim. Chim. 
Phys. 1912 [viii.J 27, 245-3!U ; Wackemagel and 
Wolffenstein, Bor 1904. 37, 3238 ; Willstiitter 
and collaborators, ibid. 1904, 37, 2351 ; 1905, 38, 
1772, 

For ^he mlis, see Bamberger (l.c.) and 
* Corriez (Bull. Sci. Pharmacol. 1912, 19, 468, 527, 
6#3, 002), The mlp/uik 
6HjO is official in the U.S.P., and forms hygro- 
scopic crystals becoming anhydrous at 100^ and 
melting at 153°. Crystals with 3 and with 
8HgO have also been described. 'The salt is 
soluble in about an equal weight of water, less 
BO in alcohol. It ‘has been recommended as « 
cardiac stimulant, but its action on the heart is 
doubtful Sparteine is much less poisonous 
than coniine, which it resembles to some «xtent 
in aotion ; it also resembles nicotine. For 
oolpurreactionsof sparteine, sec lleichard(Pharui. 
^ntr*H. 1905, 48, 385). The amount present 
in broom tops varies considerably with the 
season of the year. There is a well-defined 
maximum in Imirch and minimum in August 
(Carr and Reynolds, Pharm. J. 1908 [iv.] 26. 
642 ; Chevalier, Compt. rend. 1910, 150, 1068). 

former authors found 0'07 to l*O0*p.c. 
in coftmercial specimens, and in specimens 
f^m the same localiW 0'63 p.o. in March, 
0*07 p.c. in August. Chevalier states that the 
olkedoid wanders into the fruit in the following 
seaocm, mature seeds containing M p.c. Valeur 
(Compt. rend. 1917, 164, 818) has based a method 
for'thifestoation on the decrease of solubility in 
Vinter of, toe free base with rise of tem|)erature. 

♦ C|oH,<,Oin,6H,0. nf.p. 202?~219° 

(oooorml^ to thej:ate of heating), is a pale yellow 
powder separating from the aoueous decoction 
ae a jelly and crystaUisih^ with difficulty from 


aloohol. The formula may be tesdivodl into 
CeH**OMe(4)'OH(3)*Cii^O|(OH)*, the un* 
resolved portion yielding phlorogluoinol on 
potash fusien, and probably containing a pyrone 
rin^ •(Gbldsehmiedt and von Hemmelmayr, 
Monatsh. 1893, 14, 212 ; 1894, 15, 360 ; A. G. 
Perkin, Chom. Soc. TraAs. 1900, 77, 422). 
Seoparin dissolves slightly in water, readily in 
alkalis, e.g. in ammonia with a deep yellow* 
green colour. With ferric chloride it gives 
a violeBbluo colour, rapidly becoming dark- 
brown ; it reduces Fehling’s solution. Heated 
with alcohol loss soluble isoscoparin, m.p. 236°, 
is formed, which on solution in alkalis and re* 
precipitation is reconverted into seoparin. 
Scoparm is stated to be the cause of the diuretic 
action of broom tops. G. B. 

BROPHENIN. Brom i«o-valerylamino aoet* 
2 )-phenctidin. 

BROSIMUM GALACTODENDRON (Don.). 
The latex of this urtioaoeous tree (oow*tree, milk* 
tree), growing in Venezuela, approximates to 
cow’s milk in compogition. It contains 36*2 p.o. 
of wax and saponifiable matters, which are used 
in the manufacture of candles (Boussingault, 
Pharm. J. [3] 9, 679). 

BROUSSONETIA PAPYRIFERA (Vent.). 

The Taper mulberry. The fibrous bark is used 
in China and Japan for the manufacture of a 
kind of paper, and in Polynesia in the manu- 
facture of Tapa cloth. 

BROVALOL. The borneol ester of a*bromo 
isovalerianic acid C^KgBr.OoOfjfoHj,. 

BROWN, ACID, V. Azo-ooloueino mattbb.s. 

BROWN, ANILINE ; BISMARCK BROWN, 
MANCHESTER BROWN, PHENYLENB 
BROWN, VESUtiNE, LEATHER BROWN, 
CINNAMON BROWN, ENGLISH BROWN, or 
GOLD BROWN ; v. Azo- ooloueino mattms. 
BROWN, ANTWERP, i>. Pigments. 

BROWN, ARCHIL, v. Azo- coloubino mat-^ 

TEES. 

BROWN, BONE, v. Pigments. 

BROWN, CALEDONIAN, v. I^omsnts. 
BROWN, CAPHEK, v. Pigments. 

BROWN, FAST, v. Azo- ooloueino mattibsl 
BROWN, FUSCANINE, v. Aminophbnol. 
BROWN, GARNET. The potassium or am- 
monium salt of iwpurpuric acid (OgH.N.OgK or 
CgHgNgOfl). Obtained by Hlasiwetz in 1869 by 
the action of potassium cyanide on piorio acid 
(Annalen, ^110, 280 j. Forms a dark-lu^wn 
powder, readily soluble in hot water with red- 
dish-brown colour. Dyes wool and silk Inowii 
in an aoid-^ath. No longer is use {v. also 
ISOPHEPDRIO acid). 

BROWN. MADDfiR, ». Fioumm 
BROWN, NAPHTfiyUlUNE, v. An>- 

COLOUEINQ MATTEB8. 

BROWN, PHENYL, v. Phenyl bbowk. 
BROWN, PICRYL, v. Picryl bbown. 
BROWN, PIGMENT, v, Azo* oolodbWo 

MATTEBS. 

BROWN, PRUSSIAN, v. Piaiusim* 

BROWN, RESORCIN^ v: Azo* ooLOtTBnro 

MATTEBi;. 

BROWN,' SOUDiUt t). Azo* ooLOHiatfo 

MATl'HBS. ♦ 

BROWN, VANDYKE, PtOMira. 

BROWN, VES(MIA, PiouBKSfi. 

BROWN BERRpBB. ^Tbe fruit td IMw 

Jruticosus. «' * , . . 
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KBOWV-OoXLv. 

BBOWM MASUATITE v, Irok, Orbs of. 

BROWN IRON ORE {Liiiwnite) v* Iron, 
Obbs of. • 

BRUCINE V . Nux Vomicja. * • • 

BHUatE. Native magneeium hydroxide, 
found aa platy crystals with ferlect 
nuoaceoua cleavage, or as lamellar masses, in 
serpentine rocks, at Unst, one of the Shetland 
Isles, at Texas in Pennsylvania, &o. It some- 
times contains a small amount of iron (ferro- 
bruoite) or manganese (manganbrucite). A 
fibrous variety is called nemalite. L. J. S. 

BRUNSWICK BLACK is prepared by fusing 
2 lbs. of asphalt, and mixing thoroughly with 
1 pint of hot boded od. When cool, 2 pints 
of turpentine are added to the mixture. An 
inferior but cheaper black may bo made by 
boding gently together for five hours 25 lbs. 
each of black pitch and gas tar asphaltum | 
8 gallons of linseed oil, and 10 lbs. each of litharge 
and red lead are then mixed in, and the whole 
boded, .^ter cooling, the^mixture is thinned by 
the addition of 20 gallons* of turpeiitino*(t>. also 
Bonb oil). 

BRUNSWICK GREEN, An oxychloride of 
copper, used as a pigment. Copper filings or 
turnings are moistened with a solution of sal- 
ammoniac, and left in jjontact with the air ; the 
oxychloride so formed is washed off with water, 
and dried at a gentle heat. The term is also ap- 
plied to chrome green and to emerald green 
(v. CorrER au'iJ’ia.MENTs). 

^ hydrated phosphate of lime, 
liCaP()4,2H20, occurring in the guano of Aves 
Island and Sombrero in the Caribbean Sea. 

BRUSSELS SPROUTS. A variety ot the 
cabbage {Brcissicamoleracea), in which numerous 
small heads are developed along the stalk from 
the axds of the leaves, instead of one terminal 
head. 

The edible portion contains, according to 
American analyses ; 

Water Protein Put • Caibohydrates Ash 
88*2 4-7 1-1 4-3 11 

{see Cabbaqh). H. I. 

BRYOIDIN i', Olbo-ebsins. 

• BRYONY ROOT. Bryony root has been used 
medicinally from a very remote period on 
Recount of its cathartic projperties, and was 
formerly recognised by several of \ho national 
Pharmaeopceiiui, but is now rarely emplc»yed. ! 
The plants yielding this root Aio^Bryonia alba, 
Mnn^, and Bryonia dioica, Linn6 (Nat. Or^. 
Curourbitaoese), which alR botanically closely 
allied. They are indigenous to the greater 
part of Europe, but the last-named species is the 
only one of the genus commonly found in this 
country, and, therefore, is frequently designated 
as Engliah bryony. The roots of the two | 
species are generally considered to possess the 
same propertieSi and they appear to be iudis- 
oximhiately coUected, although it has been 
asserted by Petresoo ^nited States Pispensa- 
t/oey, l^od., p. 279) tnat they differ appreciably 
to, their physiology action. The roots of 
Bryonia dioka coyn an enz^^e as a light- 
brown powder, which slowly hydrolyses the 
.dbioolide in the root, and Also effects the hydro- 
fysil of amygdahn and lalioiiL sThe alcoholic 
•ext^t of ^ dried root yields a pale yellow 
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essential oil of characteristic odour ; a colourless 
crystalline neutral substance, CMH-nOa (ii!n.p. 

[a]^ 4-58*6® ; an ^orphous gluftjside 

of a brown colour and bitter taste, •which on 
hydrolysis yields a brown resip, and a sugar 
forqpng d-phenylglucosazone (m.p. 208®-21^) ; 
an amorphous aUcaloidal principle, browniah- 
yellow in colour, and of an intensely bitter taste. 
From the resin may be prepared (i)*a phytosterol, 
^27*46 137®), optically inactive ; (ii) a 

dihydrio alcohol, bryonol, C22Hj40a(0H)| 

(m.p. 210°-212°), yielding a diacetyl clerivativo 
(m.p. 162“); .(hi) a mixture of fatty acids, 
consisting of oleic, linolic, palmitic, and stearic 
acids. Bryonol appears to belong to a group of 
dihydric alcohols of the general formula 
„H„_804, comprising : ipurgand 
^^*iH„02(OH)2 • 

grindelol 023Hj20,(OH)j, and cvOcurhitol 
^'24^f»8tla(OH)g. The hryonin of previous in- 
vestigators consistetf of complex mixtures. The 
activity of bryony root cannot ^>0 atrributed to a 
single definite principle, its purgative property 
resides chiefiy in i# resinous and alkafoidal 
constituents (Power and Moore, Chem. Soc. 
Trans. 1911, 99. 937). 

BUBULIN (from oi). The name of a 
peculiar substance, said by Morin to exist in oow- 
duug, and to be precipitated by metallic salts, 
tincture of galls, and alum, and therefore to be 
active in the appbeation of cow-dung to calico- 
printing. , 

BUCHU V . Oils, Essential. 

BUCHU or BUCCO. The leaves of three 
varieties of Baroama (ord. Rutacece), viz. J5. 
hetulina (Bartl et Wendl. f.), B. rrenulata (Hook.), 
and B. aerratifolia (Willd.), are known under this 
name. The leaves are used medicin^y by the 
South African natives. * 

Their composition has been studied bf 
Brandes (Arch. d. N. Aj^oth. Ver. 22, 299), 
Landerer (Buchner’s Report. 84, 63 , Fliickiger 
(Pharin. J. 3, 4, 689 ; [3] !!♦ 219), Wayne {ibid. 
3, 6, 723). iiy extracting the leaves with light 
petroleum, Bialobrzeski (Chem. Zentr. 1890, ii. 
661) obtained chlorophyll, a resin, and an 
ethereal oil containing 6hieliy diosphenol, 
together with a tdirpene CipHjg, b.p. 174®-176®, 
and a ketone isomeric with menthone, and 
having the constitution CmH^gp, b.p. 206®- 
209“ ; it yields an oxime and a tribrom deriva- 
tive. After extraction with light petroleum, 
the leaves, on treatment with cold alcohol, 
yield 3 p.o. of a brownish-green bitter resin 
insoluble in benzene, and when the alcoholb 
extract is treated with sodium carbonate of 
by other methods diosmin is deposited, forming 
tasteless, odourless crystals, mj). 244“. 

Semmler and McKenzie (fo. 1906, 11«8) 
found that the round leaves of Baroama^ttvUna 
yield about 2 p.c. of an oil which orysWlises on 
standing at ordinary temperature ; but the long 
leaves ol Baroama aerrait folia yield 1 p.o. ot an 
oil which remains liquid under similar conditions. 

According to Kondakofi and Bochtsohi^w 
(J. pr. Chem. 1901, 63, 49), the 
bucoo or buohu leaves contains TO p.o.*^ 
hydrooarbonsi', consisting of a vari^y of ^ 
limonene and dipen tene; 6CLp.o. of a ketone 
CioHuO, [a]i>, ~16®6', b.p. 208-6** - 209^6^ 
which, on re&etion, yields a menthol not IdentL 
cal with the naturd product ; 20 p,o. of 
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phenol; 6 p.c. of resin; and 5 p.o. of other 
oonjj/jituents (Kondakoff, J. pr. Ohem. 1896, 
64, 4^). After removing diosphenol from the 
oil of buchu leavis, Tschugaoff suooeedltd in 
obtaining kanthogenide derivatives of d-menthol 
from a iractioi:^of the residue (J. Russ. Phys. 
Chefti. Soc. 1910, 42, 714; Skovortsoff, Jbid. 
ii. 66). Diosphenol or buohu camphor (^lo- 
brzeski, /.c. ; Kendakoff, l.c. ; Semmlor and 
McKenzie, i.oi ; Semmler, Chem. Zeit. 1^06, 
30, 1208 ; Kondakoff, Chem. Zentr. 190^ ii. 
1262 ; Chem. Zeit. 1906, 1090, 1100) is optically 
inactive, has m.p. 82®, b.p. 109°-110710 mm., 
2327766 mm. Its composition is probably 
C]oH,^0|. It is a phenolic aldehyde, yielding! 
an oxime, m.p. 156^ (Semmler and McKenzie 
126°). With hydrochloric acid it yields thymol 
and a httle carvacroL With hydriodic acid it 
yields a hydrocarbon CinH^„, b.p. 166°-1687762| 
mm.; wjjiilst with sodium in alcoholic solution! 
it forms (1) a menthol ; (2) a crystalline glycol 
CioHjg{On), m.p., 92°; and (3) an isomeric 
glycol, b.p. 141*6°-146°/13 mm. With alco- 
holio potash, a hydroxy acid of the terpene 
series, m.p. 94°, is obtaineck This acid has been 
synthesised, and is identical with the natural 
product. The dibromide CioHjiOjBrj and 
other derivatives o^ diosphenol have also been 
obtained. 

BUCiCrHORN (Rhamnua cathartica [Linn.]). 
This plant is a native of England ; it grows 
to a Wght of from 16 to 20 feet ; its flowers I 
arfl greeni3h-(^oloured, and its berries four- 
seeded. The juice of these when in an unripe 
state has the colour of saffron ; when ripe | 
and mixed with alum, it forms the sap or' 
bladder-green of the painters (v. Pigments); and 
in a very ripe state the berries afford a purple 
colour. The bark abo yields a fine yellow 
dye. • 

^ The berries of the Rhamnua carlhartica (also 
knewn as Hungarian berries) have been examined 
by Tschirch and PoTacco (Arch. Pharm. 1900, 
238, 409), and evidently contain substances 
chemically distinct from those which are present 
In Persian berries. 

Ether extracts from an aqueous extract of 
the berries rhamnoCitnn, rhamnolutin, rhamno- 
''.hrysin, and the residual wateiy liquid on boiling 
wiUi dilute sulphuric acid gives, in addition to 
rhamnocjtrm, ^-rhamnocitrin. The berri^ al- 
ready extracted with water contain rhamno 
zmodin and rhamnonigrin. 

Rhamnociirin jHiqO., yellow needles, melts 
at 221°-222°, and is soluble in alkaline solutions, 
with a yellow colour. Alcoholic lead acetate 
gives an organic coloured precipitate, and ferric 
chloride a green colouration. The solution in 
snlphurio acid possesses an intense green 
flpprescenoe. * 

THMetylrhamnocitrin Cj gH 705(CjH80)gf ormi 
oolourleM needles, melting at 199°-200°. 

BhAmnocitrin appears to bo a dihydrotrihy- 
iroxyxanthone, and probably possesses the follow- 
ing constitution 

OH 0 OH 


sc! 
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V^c/' 

H 


ijH, 


It dyes with iron mordant a green* brown, and 
With aluminium mordant a bright-yellow colour. 

RhoknnoluUn CuH.oOg, small oanarjr-yellow 
needles, melts above 260°, . and gives with lead 
acetate, ani orange-red precipitate, with ferric 
chloride a green-black colouration. Its sulphuric 
acid solution posseses a strong green fluorescence. 
Tetraacetylrhamnolutin C,sH«0»(CaH,0)4, colour- 
less needles, melts at 182 -183°. 

Rhamnolutin dyes aluminium- and iron,* 
mordanted fabrics respectively canary-yellow 
and green-brown shades. It appears to be a 
tetrahydrozyflavone, isomeric witn luteolin and 
fisotin. 

^-Rhamnociirin Cj jHjoOg is sparingly soluble 
I in alcohol and acetic acid, but is distinct from 
■ rhamnetin (CuH^oOs ?), and does not contain 
methoxy- groups. It melts above 260°, and, 
generally speaking, its reactions are the same as 
those of rhamnocitrin itself, but, on the other 
hand, it possesses stronger dyeing property. 
Diaceiyl-0-rhamnocitrin Ct8H805(CjH30)j forms 
colourless needles meting at 190°- 191°. 

y3-K4jamnocitrin, according to Tschirch and 
Polacco, appears to resemble very closely the 
A rhamnetrin of Schutzenberger (aee Pbbsiam 
berries). 

Rhamnoemodin CjjH^oOr, m.p. 254°-266°, 
is similar to /rangu/a emodin {R. /rangru/a) which, 
according to Oesterle, melts at 260°. 

Rhamnonigrin is converted by boiling with 
nitric acid into chryaamminic acid, and by 
digestion with boiling alcoholic potash into 
emodin. 

The alder buckthorn {Rhamnua frangvh) 
grows naturally, and is very abundant in woods 
and thickets, in some parts of Britain. The 
berries of this species are of Jen substituted for 
those of the above ; “out they are easily detected, 
since they contain only two seeds. In a green 
state they dye wool green and yellow; when 
ripe, bluish-grey, blue, and green. The bark also 
dyes yellow, and, with preparation of iron, black 
(Lawson) 

Rock buckthorn {Rhamnua aozatilia), yields 
berries which are used to dye morocco leather 
yellow. These, in common with the narrow- 
leaved buckthorn benies {R. alaternua [Linn.]) 
and those of the yellow-berried buckthorn {R. 
infectoriiLa [Linn.]), are sold as Avignon berries. 
The wood of the Rhamnua erythroxylon ^whioh 
is a native ^f Siberia, but grows freely m this 
climate), in a ground state yields the bright- red 
colour known to dyers under the name’ of 
redwood. • A. G. P. 

• BUCK WHEAT^ {Fagopyrum eaculeniwm 
[Moench.]) is grown rnoinlyfor poultry and also 
for pig- and cow-feeding in Europe. Its flowers 
furnish excellent pasturage for bees. Kellner 
gives the analyses on opposite page. 

Buckwheat, after soaxing in water, furnishes 
excellent food for cattle and pigs, though not 
very suitable for young animals. 

The glbbulin of buckwheat has the composi- 
tion: C 61*69, H 6-90, N 17’44, S 1’16, and 
0 22’81t' It contains •|bout 13 p.c. arginine, 
0*6 histidine, 7*9 lysine, and 1 p.c. oystein and k 
small amount of tryptdbbiw (Johns and 
Chemoff, J. Bipl. Chem. 1918, 34, 439). 

The starch qf buckwheat occurs in rounded 
angular grains of sn^ll ske, showing a distinct 
hilum and a tendency to agglomerate. 
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Water 

Protein 

• 

Fat 

Carbo- 

hydrates 

Fibre 

Ash 

Seed 

^4-1 

11-3 

• 2*6 

64-8 

^14-4 

• 

• 2*8 

Fine meal .... 

ll*7 • ' 

8*6 

1*9 

72-6 

0*8 

1*4 

Coarse meal .... 

12-0 

31*8 

8*4 

38-3 

4« 

4-7,^ 

Fine bran . . 

12-0 

16-2 

► 4-6 

60-0 

11-3 

7*0 

Coarse bran .... 

16-6 

8-0 

!•« 

34*2 

37-6 

2 ' 8 * 

Husks 

13-2 

4-6 

M 

35*4 

43*5 

2*2 

Straw 

16-0 

4-8 ' 

* 1-2 

34*6 

38*2 • 

6*2 

Whole plant, in flower . 

83-7 

2-6 

0-6 

7*8 

1 4*3 

1*1 

„ „ hay . 

14-0 

10-5 

2-1 

36*6 

31*4 

1 6*4 


The flour is largely used in making buck* I 
wheat cakes, popular in America, but rarely met 
with in England. fl*. I. 

BUCURUMANGA RESIN. A fossU resin, 
occurring in an auriferous alluvium near Bucuru- 
manga. New Granada. It is light-yellow, trans- 
parent, somewhat heavier than water, becomes 
strongly electric by friction ; is insoluble in 
alcohol ; swells up in ethej, becoming opaque ; 
melts when heated; burns in the air \#ithout 
residue. It resembles amber in outward appear- 
ance, but does not give succinic acid on dry 
distillation. It contains 82-7 p.c. 0, 10-8 p.c. H, 
and 6*60 p.c. 0 (Boussingault, Ann. Chim. Phys. 
[3] 6, 607) (V. Resins)., 

BUFAGIN V. Bufotalin ; and Toad venom. 

BUFFALO RUBIN v. Azo- coLOumNO 

MATTERS. 

BUFOTALllt,* the poisonous principle of the 
toad, CijH 24 C| 4 , m.p. 148° (decomp.) [a]204-5*4°, 

is a crystalline neutral substance. Alkali con- 
verts it into the unsaturated hufoialic acid, 
proving bufotalin tp be a lactone. The other 
two oxygen atoms are present as alcoholic 
hydroxyl grouns. It dissolves^in concentrated 
sulphuric acid with an orange- red colouration 
which becomes deep red on standing, and shows 
a green fluorescence. Concentrated hydrogen 
chloride in the cold eliniin{ 4 te 8 2 mols. of water, 
forming a pale-yellow crystalline compound 
bufotalien CjjHaoO,, m.p. 219°. Acetyl- 
bufotalien separates in lustrous, yellow platelets 
grouped in rosettes, m.p. t84° (decomp.). 

Bufotalm is not identical with bujagin 
CijH, 404 , obtained from the parotoid gland of 
the tropical toad Bufo Agua by Abel and 
Macht (J. Pharmacol, and expt. iliher. 1912, 

3, 319). This is also dextrorotatory (+11°), 
sparingly sdluble in water, m.p. 217°-218°. 
(Wieland and Weil, Ber. 1913, 40f 3315). 

*The Chinese drug ‘sqnso,’ prepared frojfl 
toad skins, appears to contain bufagin, associated 
with cholesterol, together with adrenaline and 
bufotoxin, a member of the picro toxin group of 
poisons (Shimizu, J. Pharm. ExpL Ther. 1916, 
8, 347). V. Toad venom. 

BUHRSTONE or BURRSTONE. A hard, 
tough rock consisting of chalcedonio silica with 
a cellular texture, especially suitable for use as 
millstones for grinding oom, paints, &c. It is 
white, grey, or creamji^m colons. T^e best 
stones are from the Ifertiary strata of the Paris 
basin, and have originated by the silicifleation 
of fresh-water limestones, the cellular iroaces 
reprosonting the oasts of fossil siiells and Chara 
see^ • • L. J. S. 

BUILDING 8T0NB, The essential qualities 


of a building stone depend on its physical 
characters rather than on chemical composition. 
Nevertheless, the broad classification of building 
stones has a chemical basis, viz. : — 

Sandslones mid Grits, composed largely of 
silica in the form of quartz grains. • 

Limestojies and Marbles, consisting of calcium 
carbonate, sometimes With magnesium carbonate. 

Slates, consisting largely^ of secondary 
aluminium silicates. 

Igneous Rocks (hstluding granite, syenite, 
diorite, gabbro, porphyry, porphyrite, dolerite, 
diabase, rhyohte, aqdesite, basalt) composed of a 
dense crystaUino aggregate of^losely interlocking 
grams of hard silicate minerals, sometiqies with 
quartz. 

A few other miscellaneous rocks used as 
building stones include flint, serpentine, pot- 
stone, and laterite. Each of thesejtinds of roflk 
is considered under its respective heading. 

Although a large number of analyses of 
building stones are on record, these are of little 
direct value in estimating the quality of a stone. 
They are, however, useful in indicating whether 
a limestone is dolomitic (t.c. containing magnesia) 
or clayey in character, and in telling fte nature 
of the cementing material in the case of sond-^ 
stones. A simple test witb^acid is often usefhl 
in helping to recognise a limestone, otherwise 
there is usually not much difficulty in allotting 
different stones to their main classes. Colour 
and change of colour on weathering are usually 
connected with the amount and state of the iron 
present hi the stone. * 

In the decay of building stones in buildings 
the processes involved are different not only in 
degref but also in kind from those which take 
place in the weathering of rocks in situ, as 
considered by geologists. Here chemical action 
is in general of less importance than that pro- 
duced by mechanical means, especially by the 
action of frost and by extreme alternations of 
temperature, and by the organic action of 
lichens. The solvent action of pure rain-water 
is iqiiguificant for all stones except alabaster. 
Carbonated water has a more pronounced solvit 
action on limestones and the calcareous cement 
of sandstones. In the case of silicate roi^Jcs ^ the 
action of carbonated water is extremely slight, 
unless the felspars have already been previously 
considerably altered by weathering in situ. In 
towns, however, the action of sulphurous, 

^ Here the effect of alternations of tenS^ratur^ 
of much more Importance owing to the conjunction o4 
minerals possessing different coefffolents of mcpanslon. 
In passing it may also be remarked that imepus rooks 
(and also jasper) are the only stones used for outside 
decoration which are capable of retaining a suxfaos 
polish. 
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sulphuric (hydrochloric and nitric) acids \)rought 
down hy rain-water is of more importance, 
partnolarly in tl^ case of limestones. The 
calcium o^bonate ft converted into gypsum, and 
this crystallising with an increase in volume 
of ^htly more than double onuses a disruption 
of the surface layers -of the stone. (Oil the 
weathering of Portland stone and magnesium 
limestone in the*London atmosphere, see E. G. 
Clayton, Ploc. Chem. Soc. 1901, xvii, p. fiOl ; 
W. Pollard, Summ. of Progress, Geol. Survey 
United Kingdom, for 1901, 1902, p. 83). Here 
also the rate of decay is governed more by the 
state of aggregation of the caldium carbonate 
than by the chemical composition of the stone ; 
a stone with a cement of mealy calcium carbonate 
going much more quickly. The sodium and 
magnesium |alts of sea-water blown as spray 
on buildings often have a deleterious effect. 
Stones tfontaining nodules of iron-pyrites should 
be rejected, since this mineral is readily decom- 
posed, giving rise to unsightly stains and pro- 
ducing free sulpfturic acid wliich causes further 
injury to the stone. 

Preservatives against Secay include painting 
the surface with oil-colours ; or saturating the 
surface with a solution of sodium silicate, which 
may be followed by treatment with a solution of 
calcium <;hloride. The carved stonework (lime- 
stone) of the Houses of Parliament and the 
Abbey at Westminster was restored by Sir A. H. 
Ol^urch by the application of baryta water, the 
crumbly surface layer of gypsum being thereby 
converted into more resisting barium sulphate. 

The different kinds of artificial stone manu- 
factured for building purposes are classified 
roughly by Ho wo {see references below) as 
follows : — 

1. Stases mode of natural rock fragments 
nheld together by Portland or magnesium cement. 

‘ Pentuan stone ’ and concrete. 

2. S imi lar stone# subjected to a subsequent 
hardening process by treating with sodium 
silicate. Here the action of the cement is 
modified and hydrated calcium silicates are 
formed which harden the stone. E.g, ‘ Victoria 
stone ’ made fronk the granite of Grohy and 
Mount Sorrel, Leicestershire,,* Atlas stone,’ and 
* Hard York nonislip stone ’ made from sand- 
stone. 


3. Stones in which granulated rock of san< 
is cemented with calcium carbonate. E.g 
Thom’s patent reconstructed stone, pan; 

* lime.-sana * blocks, and pumice-, trass-, ani 
pozzolana-lime stones. 

4. Stones in which more or less of the calciun 
oarBonate cement ia replaced by calcium silicate 

5. Stones cemented by bituminous, asphaltic, 

or other organio substance. f 

* Mejkrences. — J. A. Howe, The Geology of 
Building Stones, London, 1910 ; J. Watson, 
British ftnd Foreign Buildi^ Stones, Cambridge, 
1911 ; H. Ries, Building Stones and Clay- 
produots, a handbook for architects, New York, 
1912 ; 0. P, Merrill, Stones for Buildi^ and 
Beoorataom 3rd ed., New York, 1903 ; J. ffirsch- 
^Id^ Di* Prfifung der naturlichen Bauateine 
•ttf ihte Wetterbestandigkeit, Berlin, 1908; 
J. Birsdl^Wild, H^dbuch der bautechnischen 
(iteiteii»Dififiu«,*1i©riin, 1912; W. A. Parks, 

-Ythe Building and Onmmontal Stones 
i^ada, Dept. Mines, Ottawa, 1912. Refer- 


ence may also be made to the petrographical 
text-books of J. J. H. Teall, A^ HarW, and 
P. H. Hatch. L, J. S. 

BULB^APNINE. under Corydaline. 

Bm<rrRUPF£R£RZ(Ger.). Variegatedcopper 
ore. This term is commonly applied, even by 
English mineralogists, to an*ore of copper other- 
wise known as Bornite (q.v,), Erubescite, PhUUps^ 
itCy and Purple Copper Ore. CaUed ‘ horse-fiesh 
ore ’ by the Cornish miners. L, J. S. 

BUPLEUROL. An alcohol found in the 
higher boiling fractions of the oil of Bupleurum 
fruticosum. Optically inactive, sp.gr. 0*8490/ 1 7®, 
Wjj=l-4608; b.p. 209®-2107762 mm. Has a 
faint odour of roses. Contains one double 
linkage and yields an urethane melting at 46®. 
Probably a dihydro-derivative of nerol of the 
constitution : 

(CHa)jCH(CH,)3*C( : CH,)*CH,-CHaOH 
(Prancesconi and Semagiotto, Atti. R. Aooad. 
dei Lincei, 1913, 22, i. 34, 148 ; J. Soc. Chem, 
Ind. 1913, 251). » 

BimaUNDY PITCH or NORWAY SPRUCE 
RESIN. {Fichtentarr, Tannenlmrz, Ger. ; Poix 
des Vosges, Poix blanche, Poix jaune, Barras, 
Fr.) The resin of Picea ezcelsa (Link.) purified 
by melting in hot water and straining. It is an 
opaque, yellowish-browrn hard, brittle resin j its 
taste is sweet and aromatic. It is very soluble 
in glacial acetic acid, acetone, and alcohol. 
Used in maldng plasters. It is much adulte- 
rated. The substance usually tfJld by this name 
in England is made by melting colophony with 
palm-oil or some other fat, and stirring in water 
to make the mixture opaque (MorelTpharm, J. 
[3] 8, 342) (v. Resins). 

BURNiElT’S FiUID. A solution of zinc 
chloride is coimnonly known as Sir William 
Burnett’s disinfecting fluid. It is used as a 
disinfectant and as a preservative of construc- 
tional timber. 

BURTON WATER CRYSTALS contain, ac- 
cording to Moritz and Hartley, 31*8 CaO, 40*4 
80,, 1*04 Cl, 6*46 MgO, and 2M9 OH. (J. Soc. 
Chem. Ind. 2, 82). 

BUSH SALT. A light-brown or greyish 
powder prepared by the natives of Ssoimea by 
lixiviating the ashes of the sec^e, Cyperus 
Baspan, L. Contains 77*77 p.o. KCl, and 18*48 
KjSO*, with traces of sodium salts and organio 
matter (Leftz, Ber. deuts. Pharm. Ges. 1911, 21, 
270). 

BUSSORAH GUM v. Gums. 

, BUTALANINE r. Valinb. ^ 

BUTANE V. ButvL’ oompounpn. 

BUTANONE {MeiKyleUkylheUtTie ) v. Ketones. 

BUTEA FRONDC^A* The Bviea fron^a, 
also called Dhak or Pulas, is a fine tree, 3<M0 
feet high, belonging to the order LeguininoscB, 

It is common throughout India and Burma, and 
is found in the North-West Himalaya^ as far as 
the Jhelijm River. The flowers, which in the 
dried condition are known as tisp, k^d, ke ffp dft 
or pal^-k^ppdl, have a bright-orange cobuT, 
and, altAou^ they arefmutih larger, closely le* 
semble in appearance the common gorse-fteweT 
(Ukx europmM), with which, inS5, W ere , 
botamcauy allied. Xiarge quantises of ^ / 
flowers are oolfbeted in Maa^ wad AtSril. 
employed bjktlie nitive* to pMduoe*%tow 
dye, much used during the ' Hmi ’ iMeei , 



operation, wirioh oonsifits in steeping the 
Bantenal in a not or cold decoction of the flowers, 
is virtually a^^Tooess of staining, beoadse the 
colour can be readily washed out. On the other 
hand, a more permanent result is <boiaetimes 
produced either bv first preparing the cloth with 
alum and wood ash oa: by ad^ng these substances 
to the dye- bath. 

From the Butea frondosa is also obtained 
the so-called ‘ Butea gum ’ or ‘ Bengal kino,’ 
employed by the natives for tanning leather, 
and the tree is of additional interest because in 
many parts of India the lao insect {Coccus Iftcca) 
is reared upon it. This latter, as is well known, 
causes the formation of stick lac, from which 
shellac and lac dye are prepared. * 

Butin C, 6 H,; 05 . The flowers are extracted 
with water, and the extract digested boiling with 
a little sulphuric acid. A light viscous precipi- 
tate devoid of dyeing property separates, and 
this is removed while hot and the filtrate left 
over-night. The clear liquid is now decanted 
from a small quantity of ^arry substance, and 
partially evaporated on tthe water- bafh. A 
further quantity of a black viscous precipitate 
thus separates, and when this has been removed 
the filtrate, after some days, deposits crystals of 
the colouring principle. For purification the 
product is dissolved a little alcohol, the 
mixture poured into ether, and the solution well 
washed with water. The liquid is evaporated, 
and the residue repeatedly crystallised from 
dilute alcohol («:irkin and Hummel, Ohem. Soc. 
Trans. 1904, 85, 1459). 

Butin crystallises from alcohol in colourless 
needles with ^HjO, ra.p. 224^-220'^, and from 
water in pale-voUow needles with 2 H 2 O; dissolves 
in alkaline solution^ with a pale orange- red tint, 
and gives with alcoholic acetate of lead a faintly 
yellow almost colourless precijUtate. It forms 
a triacetijl derivative 0 , 5 H 2 () 5 (CaH 30 ) 3 , colour- 
less leaflets, m.p. 123°-125°, and &,trihenzoyl com- 
pound OjBHjOB(C 7 HaO) 3 , colourless needles, 
in.p. 166°-157^ On fusioii with alkali at 200'"- 
220° bu tin gives proiocaiechuic acid and resorcinol 

When butin is boiled with dilute potassium 
hydroxide solution, the pale-coloured liquid 
b^omes much darker, rfhd on acidifying an 
orange crystalline precipitate separates which 
consists 01 butein. 

Butefn CigH, jOjjHjO, needles, melts at 
218°-215° ; dissolves in alkaline sohtions with 
a deep orange-red colour, and with alcoholic lead 
t aoefji^te gives a deep-red precipitate. Acetijl- 
bukin Oi 6 HhOb( 08 H 50 ) 4 , pale-yeltow needles, 
melts at 129°-l«r. » ' 

When fused with alkalis butein gives resor- 
cinol And protocaleckvfc acid, whereas by the 
action of boiling 60 p.c. potassium hydroxide 
seflution, protocakchuic acid and resacetophenone 
are produced. 

By methylation with methyl iodide butin 
gives butin trimethpUther Ci 5 H«O^OCH 3 ) 3 , 
colourless plates, m.p. 1 19°-12r, and also hute.in 
trimthykihr yellow leaflets, 

m.p. 168®-168°. In a i^fbular mafliner, butein 
yiel^ not only butein trimethylcthor, but also 
butin trimethylether* 

The constitution assigned to biitein by Perkin 
and Hummel is that of a kfrakp^xybcnzylidene 

and to 

btttlnl^at of the oone8poiiding,/t(xmfione (2) 
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(1) .Oh/Vh 

CH 


OH 


CO * v'** 

(2) '^CH— ■ 

and that these formulae are correct hsis been 
established by the synthesis of butein and butin 
trimethylethers by these authors. Thus by the 
condensation of resacetophenone monomcthyl- 
ether with veratric aldehyde, butein trimethvl- 
ether ( 1 ) is produced : ^ 

OGHjj 

I. och/Y_oh r^^ocH, 

i^L_co2-ch=ch-4^^i 

OCH, 

OCH,/\— O^H— < \0CH, 

II. I I \_/ 
l^-OO-CH, ^ 

and this, when digested with boiling dilute 
alcoholic sulphuric acid, a method devised by 
v. Kostanecki and his colleagues (Ber. 1904, 37, 
784, 773, 779), gives butin trimethylether (II)# 
Somewhat later (Ber. 1911,44,3502) Goschker 
and Tam bor prepared butein itself by treating 
protocatecliuic aldehyde and resacetophenone 
in boiling alcohol with potassium hydroxide 
solution and found this to be identical in all 
respects witli the natural product. Bukin 
methykihn, yellow needles, m.p. 18i°, 3' : 4'. 
butein dimethylether, yellow prisms, m.p. 203'",i5» 
and butein idrametht/klher (Bor. 1912, 46, 18^), 
colourless needles, m.p. 89°, •wore also described. 

Butein itself is also converted into butin by 
means of dilute alcoholic sulphuric acid, and the 
butin can again be transfoiraled into butein by 
the action of potassium hydroxide solution. 
With alcoholic potash butin trimethylether also 
gives butein trimethylether, and these changes 
are readily explained if it is assumed that the 
iiiteri^ediate compound or its trimethyl ether 

_OH 

OBf \OH CH(OH)— / .^OH 


OH 


, I 
!— CO— CH, 

is the first product of the reaction in each case, 
and that this subsequently, by loss of water, 
passvs into either chalkone or flavanone, or 
both. ♦ 

When butein dissolved in acetic acid is 
treated with a few drops of sulphuric ailid, and 
the solution is boiled, a new substance gradually 
separates in the form of crystals, which possess 
a beetle-green iridescence, and ^ssolves ia 
alkaline solutions with a deep-blue colour. 
acid liquid decanted from the crystalf, on di|i(( 
tion with water, gives a brown precipitate 
soluble in alkalis with a bluish- violet ooAuxatiem, 
which dyes mordanted calico ifllades of a 
character to those yielded by anHungalloS. . 1| 
appears probable that this more scfluble s&bstanoe 
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represents the first product of the reaction, and 
w iBubsequently converted into t^e grSn 
iridefaent compound. A consideration qf the 
formula <jf butein renders it unlikely that these 
new substances are anthraquinone derivatives ; 
on 4 ;he other htind, it is suspected that by loss 
of water ring formation takes place, and* that 
an Indone derivative of the followinc tvne is 
first produced 

OH • 

HoA --C-/ \0H 

l^]-CO— OH 


Butin and butein dye mordanted woollen 
cloth identical shades, though as butin gives 
with an alooholic lead acetate a practically 
colourless precipitate, it is not to bo regarded as 
a coloifting matter. ,In other words, butin is 
merely a colouring prinoiele, and is converted 
during the dyeing operation by the action of 
the mordant into the colouring matter butein. ^ 
The following shades are^btained : — 

Chromium Aluminium Tin Iron 

Eeddlsh-brown Brick-red Full yellow Brownlah-black 
and these are strikingly simiiar to those yielded 
by some of the bydroxybcnzylidcnecoumara- 
nones artificially prepared by Friedlander and 
Rudt (Ber. 18H(), 29, 879) {see above). 

The butea flowers contain but a trace of 
free butin or butein, and the glucoside present, 
which has n 6 t yet been isolated, is probably 
that of butin. This glucosido does not decom- 
pose readily during the dyeing process, hence the 
flowers do not dye mordanted cotton. In wool- 
dyeing, where acid-baths are employed, a better 
result is obtained, although in this case the 
shades .pissess but little strength. If the 
•glucoside is first hydrolysed by boiling the flowers 
wjfh dilute hydrochloric acid, or if sulphuric 
acid is employed, aAd the acid then neutralised 
with sodium carbonate, on evaporation a 
material is obtained which readily dyes by the 
usual methods. Such products give the follow- 
ing shades: with chromium, deep terra-cotta; 
with aluminium, a bright orange ; witli tin, 
bright yellow ; and with iron, a brownish-olive. 
The chromium colour is characteristic, and is 
much redder in tint than that yielded Iw any 
known natural yellow dye. A, (? P. 

fiUTBA GUM. The juice of Buka Jrondosu 
(Boicb.), often sent into the market instead of 
genuine kino. It forms black- brown, slightly 
lustrous, brittle lumps, has an astringent taste, 
and yields pyrooatechin by dry distillation. V. 
Ki!no. 

BUTINENES C 4 H,. 

^^1. Erythrenet innyl-ethylene or pyrrSlene, 
C!H| : iH'CH : CH., occurs in coal-gas and is 
said to be formed by passing fusel-oil through a 
red-hot* tube. Obtained by boiling eiythrito 
with strong formic acid or by the action of 
potassium hydroxide on di-raethylpyrrolidine 
methyliodide. Also by condensing acetaldehyde 
^^th ethjj^ Alcohol in presence of alumina or other 
cfttslyst. Forms a tetrabromide, m.p. 119®. 

«r • 


* Thl^ rettflt ^ been criticised by Gdschker and 
Tmmt, po by tl# employment of mordanted calico 
obtetoed from butin very weak shade-, It Is, however, 

conversion 




2 . Ethyl-acetyUne CHa CHi-CiCH. Obtained 
by trqpting methyl ethyl ketone with alco- 
holic potash and phosphorus pentaohloride, or 
by passing ‘acetylene and "ethylene through a 
red-nol tube. Forms a tetrabromide, m.p. 118®. 

3. Crotonykne CHg‘C|C*CHj. Obtomed by 
acting on butylene bromide* or di-bromo-butaiJe 
with alcoholic potash, or by distilling barium 
acetate with sulphur. Dilute sulphuric acid 
converts it into hexa-methyl-benzene. 

A butinene is also formed by the destructive 
distillation of caoutchouc. 

BUTTER. Butter is the fatty product pre- 
j pared from the milk of the cow. Wher. similar 
suljstancos are obtained from the milk of Other 
mammals, their origin is indicated in the descrip- 
tion, e.g. goats’ butter, buffalo butter. Fatty 
food substances of vegetable origin and similar 
to butter in consistency are also sometimes 
described as butter, but with a prefix, as vege- 
table butter, cocoa-nut butter. 

Butter consists of milk- or butter-fat, with 
water, and small qyantities of milk proteins, 
lactose, mineral salts, and natural colouring 
matter. The proteins and lactose, together 
with the mineral matter associated therewith, 
are spoken of collectively as curd. Commercial 
butter may also contain common salt, preserva- 
tives, and colouring *matter, added during 
manufacture. The added salt and preservatives 
are not included with the curd in giving the 
composition of butter, but are separately esti- 
mated. 0 ^ 

Fat e^ts in milk in the form of minute 
globules in a state of suspension in the milk 
serum. In the process of churning, the fat 
globules coalesce, producing irregularly-shaped 
granules of butter. ^Theso a#;e strained from the 
serum, or buttermilk, washed with water, and 
worked into a ^ass on a table by means of 
mechanical rollers, or, as in older processes, by 
hand. Sait, preservatives, colouring matter, 
are added, if aesiretl, after washing the butter 
granules with water.. 

As regards the influence of salt on the 
changes taking place in storage it has been 
found that unsalted butter in commercial cold 
storage keeps as well^-as, or better than, salted 
butter. According to Washburn and Dahlberg 
(Bull. Agric. Intel!. 1918, 9, 996), salt, exclusive 
of its antiseptic property, hastened the deteriora- 
I tion of butter ; when stored at —25® (—16® F.), 
unsalted butter kept as well as salted butter, 
and the bacteria decreased more rapidly. On 
the other hfnd, they, as well as the acidity, 
Increased more rapidly in the unsalted bufller 
at ordinary temperatures. 

According to D. C. Dyer ( J. Agric, Eesearob, 
1916, 6 , 927) the unpleasant flavours which 
develop in butter during cold storage are 
produced by chemical change in non-fa/tty 
ingredients. 

Milk jpay be directly churned for the ptapdse 
of obtaining butter, and, in some demote 
districte, this process is still followed. It is, 
however, usaal to chufm creow,^ that is, the fatty ' 
layer which rises to the surface on allowing mUK 
to stand or on subjeoting it to owtrifagal 
action. • 

Cream maj* be churned in a ftesh couditioii 
before sourii^ has tiken^laoe. In such a 
the period of churning it longer, and ttie 
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tion must be carried out at a lower temperature 
than when ripened oream or milk is enmloyed. 
It is therefore usual to chum ripened cream. 
The ripening may be effected by "standing the 
cream, and is accelerated by the aciBithii of a 
little buttermilk or pure culture starters con- 
taining suitable brc^ria. The taste of oream 
is affected by certain moulds {Oidium lactic^ and 
P. ckrysngenum)t and the enzymes secreted by 
them may develop abnormal flavours in the 
butter. Mould spores do not germinate or 
grow in butter. 

Various views are held as to what takes 
place during the operation of churning. Fleisoh- 
mann (Book of the Dairy, 159) states that ‘ the 
milk-fat is converted from fluid to solid condi- 
tion by the shaking which it undergoes,’ that is, 
that churning results in the solidification of fat 
which in milk is in a superfused condition. On 
the other hand, Richmond’s results (Dairy 
Chemistry, Ap. .339) would indicate that the 
fat before churning may be in a solid condition. 
Whether fat as present iji milk is surrounded 
with some form of membrane (B^champ, Storch) 

S r with a thin watery covering (Fleischmann) 
e mechanical operation of churning appears 
to rub away or remove the protective coating, 
and thus enable the milk globules to coalesce, 
forming butter. As t^ the theories regarding 
the structure of the fat globules in milk, see 
papers by Storch (Analyst, 1897, 22, 197), Beau 
(Revue Oe'ne'ralc du Lait, 2, 16, 1903), and 
Richmond (AnfJyst, 1904, 29, 185). 

The quantity of water remaining in finished 
butter is govdrned by the conditions of manu- 
facture. Churning at too high a temperature 
renders the removal of excess water during 
M^orking difficult. It results in over-worked or 
‘ greasy ’ butter ; or butter with an excessive 
quantity of water. The maximum limit per- 
missible in England for water in butter is 1C p.c. 
Canada, Queensland, Holland, have the same 
limit. Victoria has 16 p.o. ; Germany, 16 p.c. 
for salted, and 18 p.c. for unsaltcd ; and Belgium, 
16 p.o. 

The proportion of curd may vary from 0*2 
to 2 0 p.o. according to method of manufacture, 
lower quantities being present where freshly 
separated oream is churned than in the case of 
ripened cream. Well-made butter rarely con- 
tains so high a quantity as 2 p.c., and where this 
quantity is found, examination shoi^d be made 
for the presence of added non-fatty milk solids. 
The Goveniment Laboratory has found (Jour. 
Board of Agric. 1912, 19, 750) th4» quantity of 
in imported butter range from 0*4 td 
1‘86 p.c., average 1-04. Out of 366 samples 
only 11 contained more than 16 p.c. of curd. 
Butter taken from factories in Great Britain 
ranged from 0‘34 to 1'86 p.c., in Ireland from 
0'63 to 1'87 p.c. No limits have been fixed 
as to the non-fatty milk solids permissible in 
butter, but the Butter and Margarine Act, 1907, 
gives power to the Board of Agricufturo and 
Fisheries to mali% reflations on the point. 

Van Slyke and Iiar^^J. Ameib Chftn, Soa 
1005, 27) state that when 0*5 p.c. or over of 
lactic acid is in the ^am, the casein is present 
in the butter as oaSein lactate, «but in butter 
ma^ from sweet oream as calcium casein. They 
also mal^e suggestiogs regard to the 
lotion between casein compounds and mottled 


batter. Richmond (Analyst^ 1906, 31, 178) has 
found the average amount of casein to be 
0-38 p.o.®, and not to exceed!0-6 p.o. tp 
Tne mineral matter in witter (to, which no 
foreign substance has been added during manufac- 
ture) consists of the inorganic substances de:^ved 
froms the buttermilk enSosed within the butter 
granules, and from the caseous matter adhering 
to the fat. It is really the ash of the curd, or 
the gion-fatty milk solids of the bdtt6r. 

When butter is heated, the fat melts and 
separates from the aqueous, curdy portion. 
After allowing this to settle, the fatty layer is 
filtered through a warm funnel, and the fat 
obtained as a clear oil, usually of a yellow colour, 
but under certain conditions almost colourless, 
sotting to a granular crystalline mass. The fat 
so obtained consists of glycerides of fatty acids 
together with the natural or added colouring 
matter, if any, of the butter, and some uQsaponi- 
fiable substances, e.g. choresterol, associated with 
the natural fat. The total quantity of the 
unsaponifiablo matter does neft exceed 0-4 p.c. 
(Bomer, Zeitsch. Nahr. Genussm. 190J, 4, 

1070). 

I The glycerides of butter-fat contain butyric, * 
caproio, oapryiic]^ capric, lauric, myristio, 
palmitic, stearic, and oleic acids, as triglycerides, 
with, possibly, a small quantity of monGf and ch- 
glycendes. Bell has shown the presence of 
‘ mixed ’ glycerides, and describes (Chemistry of 
Foods, 46) an oleopalinitobutyrate. Browne 
(J. Araer. Chem. Soc. 1899, 613) finds 1*0 p.c. 
of dihydroxystearie. acid ; but Lewkowitsch 
throws doubt upon the presence of any hydroxy 
acids (Oils and Fats, 4th ed. ii. 667). The 
composition, as given by Boll (Chem. of Foods, 
48), is compared with that given by Browne (J. 
Amer. Chem. Soc. 1899, 21, 807). * 

100 parts of fat on saponification ySfld ; j 


Butyric acid 
Caproic „ 

Caprylic „ 

Capric „ 

Lauric „ 

Myristio ., 

Palmitic „ . , . 

Stearic „ 

Oleic „ 

Dihydroxy stearic acid 


BeU 

‘»fi*13 


2-09 


49-4(; 

3610 


Browne 

5*45 

2*09 

0*49 

0*32 


2*90 


2*57 


9*89 1 
38*61 
1*83 1 
32*50 
1*00 


50*33 


SiegfieJd (Zeitsch. Nahr. Genussm. 1912, 24, 
45) found no stearic acid, and Smedley (Bio. 
Jour. 1912, 6, 451) found 10 p.c. of stearic acid 
in butter fat. Holland, Reed and Buckley 
(J. Agric. Research, 1916, 101 ; ibid. 1918, 719) 
have also found high proportions of stearic acid 
present. They found the percentage quantities 
of vsnious acicis in butter-fat as follows ; ^fitywo 
acid, 3*153 ; caproic acid, 1*360 ; caprylic acid, ^ 
0*976; capric acid, 1*831; lauric acia,s)6;896 j * 
myristic acid, 22*618; palmitic acid, 19*229; 
stearic acid, 11*384 ; oleic acid, 27*374. These 
results were obtained by esterification of the 
butter-fat, and subsequent fractionation of the 
resulting esters. For details the origiual paper* 
must be consulted. ^ 

Caldwell and Hurtley (Chem. Sooe Trans. 
1909, 95, 853) have fractionall^istilled sample 
of butter fat in the vacuum of the cathode 
light, and determined certain values of fhe 
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distitlates. They ocmolade th&t therd is no 
tributyrin in butter-fat, and probably no tri- 
olein^ the oleic aoidfbeing distrionted aMong the 
glycerides presenil* most of it as oleofi^aro- 
palmitin/ Caldwell and Hurtley (l.c,) have also 
similarly distilied the fatty acids. According 
to Imberger (Zeiisch. Nahr. Genussm. 191 36, 

31 3^ butter-fat contains a small quantity 
{2*4 p.c.) of triolein; the greater part -of the 
oleic acid e?:iifting as mixed glycerides. Bqtyrio 
and other volatile acids are also present as mixed 
glycerides ; tributyriq cannot be isolated. 
Examination of the alcohol-soluble portion of 
hydrogenised butter-fat shows that the original 
fat contains butyrodiolein, butropalmito-olein 
and oleo-dipalmitin. 

The most characteristic feature of butter-fat 
is the Tpresence of fatty acids soluble in water 
and volatile tn steam ; and the earliest work on 
butter ^as directed to the estimation, directly 
or indirectly, of butyric acid, the largest con- 
stituent of the soluble or vfjJatilo portion. 

Hehner and ingoll (Butter : its Analysis and 
Adulterations, Churchill, 2nd ed. 1877), following 
the suggestion of Chevreuf^ propo.tscd in 1874 to 
’ obtain the butyric acid by distillation of .the 
acids liberated by dilute sulphuric acid after 
saponification of tjlic fat with alkali. In con- 
sequence of the variation in the results, they 
proposed the determination of the acids insoluble 
in water, Dupre subsequently adding in the 
same process the titration of the water-soluble 
q^cids (Analyst, 1876). The quantity of insoluble 
fatty acids is frequently spoken of as the 
‘ Hehner value.’ The process consists in saponi- 
fying a weighed quantity of the fat with alcoholic 
potash, liberating the fatty acids from the 
aqueous, alcohol-free, soap solution with excess 
of dilute sulphuric acid, filtering and washing 
^with hot water the insoluble acids, finally weigh- 
ing these, and titrating the dissolved acids. The 
qtantity of solublei, acids usually falls between 
4*2 and 6*0 p.c. (calculated as butyric acid), and 
the weight of the insoluble acids between 90 and 
87*6 p.c. 

Reichert adopted a modification of Chevreul 
and Hehner’s distillation of the butyric acid, 
operating with a definite quantity of fat under 
prescribed conditions, and "thus avoidmg the 
necessity of the distillation of the whole of 
the vohHfcile acids. Reichert took 2*5 gif. ms of 
fat ; and the number of cubic centimetres of deci- 
normal alkali required to neutralise the distillate 
from, this quantity, operating as described, was 
the original Reichert number (Chem. Soo. Trans. 
1879, A, 406 ; Zeitsch. anal. Chem. 1879, 18, 68). 
Mmssl suggested the use of 5 grams of fat 
{Chem. Soc. 1880, A, 828), and Wollny added 
a number ^f modifications (Chem. Soo. 1888, 
At 20^. This process was adopted by a com- 
mittee consisting of the Principal of the 
Gotfri^ent Lal^ratory and members of the 
Society of Public Analysts, as the method to be 
08^ in the estimation of butter-fat in margarine 
(Analyst, 1900, 26, 809). The conditions of 
must be strictly observed, as the 
fMiliole oi#he volatile acid is not distilled during 
ihe expferiiaent. Richmond {ibid, 1895, 20, 
218) fouini o^y 87 ».o. of the total volatile acids 
' in the djstiwi^»ipf euBen's results confirm this 
{Zeitsejn Hahr. QenuMm. 1905, 272). Lefihnann 
g^^d Itcam used soda dissolved in g^^roerol for 


the sapomlMtioii (Analyst, 18&1» 16; 153). T4 s 
details pfooeea, m adopted by tint 

mitteo/lboi S grams of clear, melted fa/b iam 
weight into a flask of a dftpaoity ol 300 0 . 0 ^ 
and fa|KxalSed with 2 o.o. of soda (prepared by 
dissolving sodium hydroxidi in equal weight* <h 
water), and 10 o.o. of alcph^l, by heating On 0^ 
hot water- bath under reflux oondeuseor lor 16 
minutes. After evaporation of the alcohol, 
the dry soap is dissolved in 100 c.c, of hot 
water, 40 c.c. of normal sulphuric acid and a 
few fragments -of pumice are add^d, and the 
flask connected with a condenj9pl^ .t- It UL^en 
heated so that 110 o.o. of distUh^ lie cOlmcted 
in about 30 miuutes. The dintUhll^lB shakfo, 
100 c.c. filtered off, and rioted' with d^- 
normal alkali, using phenolphthaktn as indi- 
cator. (Further devils as to size of flask, tubes, 
still-head, condenser, will be found in the Analyst, 
1900, 26, 309. ) The number of cubic centimetres 
of decinormal alkali required for neutralisation, 
when multiplied by 1*1 and corrected to 6 grams, 
is the ‘ Reichert-Woljny number.’ 

The proportion volatile acids in butter- 
fat varies. In the late autumn season, in the 
case of cows fed in the open, the butter-fat 
contains lc.ss butyric acid than it does during 
the spring and summer. Towards the close of 
the lactation period, bytter fat also shows a 
depreciation in the amount of volatile acids. 
Among other factors affecting the character of 
the fat are the nature of the food, and the 
sensitiveness of the cows to prying climatic 
conditions and their surroundings. Hence the 
uncertainty as regards the limits that should be 
adopted. In the case of butter made from the 
milk of mixed herds, when the influence of 
individual cases dms not ^riously depreciate 
the butter from the whole herd, the proportion 
of volatile acids undq^ ordinary conditions of 
feeding and bousing reaches a maximum in 
April-May-Juno, and is at a minimum in 
October-November. Lewkowitsch has collected 
a number of results ijppresenting the produce of 
different countries (Oils and Fats, 4th ed. ii. 686), 
Although the milk from individual cows or small 
herds may, in consequence of special euxium- 
stances, occasionally wield butter fat giving a 
Reichert- Wollny number below 24, the batter 
from the mixed milk of herds under normal 
conditions usually has a Reichert«Wollny number 
falling bety'een 24 and 82. The Ckimmittee on 
Butter Regulations appointed by the Board cd 
Agriculture in this country recommended Huit 
the figure 2# arrived at by the Reichert- Wollny** 
(aethod, should be t^e limit below which a 1^- 
sumption should be raised th»t butter is not 
genuine (Com. on Butter Regns. Report, Od. 
174.), 18). France hie fixed a mininmin limit 
of 24; Germany, of 26; Sweden, of 23; the 
United States, of 24 ; Italy declares butter with 
a Reichert- Wollny number below 20 adtUtemted, 
between 20 and 26 suspicious, above 26 puw; 
Belgium 'declares butter to be abnormal, and its 
sale is prohibited, if the Reichert- Wolktynanflbw 
falls b&w and addition the fat has n 
Zeiss number above ^ at 40^, a sp.geir below 
0-865 at 100°, a laponiflciftion value below 228t 
and a Hehnexv number abote 88*6. 

Handby Bail (Analyst. 1907, 32, 202) ^ 
results of butters piaduo^ in Isciand, and eboeni 
that during ^ montasof Peoemfaeeand 
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naHk is loiWf^i ^H|ge icbeTt- | 
ttiimbeT frequentiy falls wmSk The 
}ipfim itumh«78 occur when the nfH^PWipived 
fr^ cows at the end of the lactatio^W;^* 

Brownlee (Jour.^ Dept, Agrio, foPireland, 
1910, 10, 438) has dllblished results of S,paly8es 
ed IHsh buttw produced in 1908>9. He found 
16*2 p.o. of samples below 24, 11*4 p.o. below 23; 
6*6 p.o. below 22, and 1*4 p.c. below 21. The tables 
given ^ by Brownlee show that throughout the 
year the Reichert* VVoUny number varies in each 
case with th||seroentage output of butter from 
the particulML||ry, and Hie results confirm the 
oiumoB thi^Wl phief factor infinencing the 
mishe.rt*\Vln^'lK|^ is the lactation period 
bf the cows ^^pP^g the milk. 

The oonolution that butter is genuine because 
the Reichert- WoUnv exceeds 24, may be erro- 
neous, as this number may have been the result 
of mixing ’genuine butter having a high Reichert- 
Wc^y number with some otW fat. On the 
other hand, butt:u? falling below 24 may be 
genuine but abnormal. Ip order to be in a 
position to establish the g^iiinenesa of%utter, 
the Netherlands Government has organised a 
system of butter control, by means of which the 
associated creameries are frequently inspected 
and the butter produced regularly analysed. 
Consignments from the Ij^tories bear a govern- 
ment label, giying particulars of origin, so that 
the officials can trace the butter and ascertain the 
Reichert- WoUny number of the butter produced 
at the creamerj^ 

Higher homoiogues of butvric acid volatilised 
in the steam difring the Reichert process do not 
wholly dissolve in the distillate, and the deter- 
mination of the insoluble portion affords another 
index to the character of the fat, as will be seen 

Bntter-fat has a sp^r, at#37'8V37*8® of 
0-910-0-913 (Thorpe, Chem. Sbo. Trans. 1901, 
249). The individual data in BeU’s results 
range from (^9094 to 0-9139, but he states the 
ordmary range is 0-911 to 0*913. The sp.gr.^is 
affected by prolonged heatiiSg of the fat and also 
by the storage of the fat for a lengthened period 

Tlw rea(Sng with the Zeiss butjrro-refracto- 
meter at 45'’ falls usually between 38 and .42. 
In 371 samples of genuine butter examined, the 
range was 37 to 46 (Com. on Butter Regns., 
A|C'^ 685). Excluding 14 exceptional butters, 
the ikverage range was 39*4 to 42*0 (^hem. Soo. 
TraM. 1904, 249). (Zeiss readings are taken at 
various temperatures by different observers. 
To oonvert the scale divisions obvrved at a 
loatc temperature Into scale divisions at a* 
higher temperature, deduct 0*65 of a division 
for each degree of temperature that the reading 
has been taken below fine required temperature ; 
coaversely, add 0-65 of a division for each 
degree of tem^ature the reading has been 
taken above the reouired temperature). 

The saponification value of the fat was 
aUffgested by Ko^tstorSer (FrdL 1879, 199), and 
is frequently known us the Ko^tstorSer number. 
It ia quantity of potqgh ex|>ress^ iff milli- 
grams required to sap^mify 1 gram of fat. The 
glyoerides jb butter-fin contain acids of com- 
paratively low moleculdk weights; inconsequence, 
ihi. quantity of potaHi for saponiiipation will be 
mgh when qpmpired with fats in 
the gljicerkies contain only sl^ids of hi|^ 
X-T. 


molooular weight, as in animal fats in general. 
Butter-fat gives figures on the average between 
219-J and 232-6 (Thorpe). •-KhStstorffer^ave 
227 as a mean figure. This value bea|s a close 
relationship to the Reichert number. * 

The iodine value varies considerably, faUing 
between 26-0 and 36-0 (HUbl), 29*0 and M 
(Jensen), and 26-0 and 38-0 (WoUny). • 
The* various data show tfiejr ^dependence 
upcm one another, within certain limits, when a 
comparison is made. This parallelism is shown 
in the following table (Thorpe, Chem, Soo. 
Trans. 1904, 254) 


>io. of samples 

R.W. number 

Specific gravity i 
at 37-8*^ 

1 

1 h 

^ i 

Soluble acids, 
P.C4PI1 fat 

InBolut>le acids, 
p.c. on fat 

k 

gSo 

7 

22-5 0-9101 

• 

219-9 42-0 

4-3 

90*1 

266-9 

17 

23-5 0 9104 

221-3 41-5 

1-5 

89-7 

265-6 

15 

24-5 0-9108 

223^3 41-6 

4-7 

89-4 

265-0 

27 

25-5 0-9110 

223^4 41-3 

4-8 

89-3 

264-2 

37 

26-5 0-9113 

225-3 41-0 

4-9 

88-0 

261*9 

61 

27-5 0-9114 

526-7 40;fl 

6-2 

88-7 

261*7 

78 

28-6 0-9118 

228-3 40-1 

6-4 

88-4 

260-9 

56 

29-6 0-9120 

229-9 40-1 

5-6 

88-3 

259-6 

41 

30-5 0-912,3 

231-4 39-9 

6-8 

87-9 

260-1 

18 

31*3 0-9125 

232-2 39-7 

6-7 

87*9 

268-0 

10 

32-6 0-9130 

232-5 39-4 

6% 

87-7 

267-8 

357 







The examination of butter comprises : (1) 
the determination of water, fat, curd, salt ; (2) 
examination of the fat ; (3) examination of the 
butter for preservatives, colouring malter, and 
substances foreign to butter. . # 

1. Water. The sample for examinatim 
should be not less than 50 ^ms, and should be 
placed in a bottle and closed securely with 
screw-cap or stopper. The bottle is then heated 
at a temperature of about 50^ amtU the butter- 
fat has melted, when it is vigorously shaken to 
emulsify the fat and waten The shaking is 
continued while the bottle and contents cool, 
until the butter is bf the consistency of t^ck 
cream. From 6 to 8 grams are then weighed 
into a iat- bottomed dish, in which is a glass rod 
with flattened end. The dish is heated on a 
steam-bath for an hour with frequent stirring 
of the butter, after which it is cooled and wei^^ 
It is again heated until the weight is constant. 
The operation is considerablv accelerated by 
using aluminium dishes, heated on an aluminium 
hot plate adjusted to a temperature of 100" to 
105". 

Patrick (J. Amer. Chem. Soo. 1006, 
carries out the estimation of the quantify of 
water bv cautiously heating 10 grams of^biktwr 
in an aluminium vessel over the direct flame, 
taking care to avoid over-heating. 

In Gray’s method (U.S. of Agrio., 

Bureau of Animal Industry, Circ. 100) 10 grams 
of butter, weighed on a parchment pfl^Mr, toB 
placed in a flask together with a little 
acetate, and the flask direeffy heate# ^i%s 
flask is connected with a *^brated tdiie 
arranged as a reflux condenser, the ocntdeopl 
water and amyl acetate being colleoted in a 

tt 
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bulb at the bottom of the tube. When all the 
water is driven off, the tube with the^bulb is 
removed, and inverted, the volume of 
being measured iiC the calibrated portion. 

Othe? methods are Henzold’s (in which 
pumice is miTed with the butter) and Wibel’s 
(J.'Soo. Chera. Ind. 1893, 630). 

' Fat, The butter from which the moisture 
has been expelled is extracted with ether, 
filtered frofn curd and sdlt, and, after evappra- 
tion of the solvent, is dried and weighed, or the 
matter insoluble in ether is weighed, and the fat 
taken by difference. The fat may also bo 
estimated by the Gottlieb methcrd : 2 grams of 
butter are washed into a graduated burette tube 
with about 8 c.c. of warm water, and mixed with 
1 c.c. of ammonia (sp.gr. 0‘880j and 10 c.c. of 
alcohol, mixifig well alter each addition. The 
tube is cooled, 25 c.c. of methylated ether added, 
and the liquids mixed ; 25 c.c. of light petro- 
leum are then added, an^ the tube carefully 
inverted several times to mix the solutions. 
The volume ofothe mixed ether solution which 
separates on standing is measured, and a known 
portion removed and evay orated, 

Shaw(U.S. JDept. of Agrio., Bureau of Animal 
Industry, Giro. 202) takes 25 grams of butter, 
and using a separator, washes out salt and curd 
first with hot water, and then with slightly diluted 
sulphuric acid, finally measuring the volume of 
fat. The Governments of Queensland, Victoria, 
and Germany have fixed a minimum limit for fat 
of 80 p.o. ; ^taly, of 82 p.o. ; and the United 
States, of 82-5 p.c. 

Curd, In the case of butters free from salt 
and preservative, the curd is the matter not 
soluble in ether or other solvent. The separate 
determination of the proteins and lactose must 
be oarri^ out to decide whether a butter con- 
stains aoaed non-fatty milk products. 15-20 
gjams of butter are weighed in a dish and dried 
on the water-bath idth frequent stirring. The 
fat is extracted with ether, and the ether- 
insoluble matter transferred with concentrated 
sulphuric acid to a Kjeldahl digestion flask, 
adding the filter paper used for filtration. The 
quantity of nitrogeti multiplied by G-.38 gives the 
proteins. Richmond gives G’30 (Analyst, 1908, 
33, 180). 

. The lactose is taken by difference, after 
deducting from the total curd the prote^s and 
inorganic salts. But it is in all cases preferable 
to make a direct determination, and this becomes 
necessary when boric acid is present. The 
lactose !i-nd proteins may then be estimated as 
follows ; The residue from extraction with ether 
of 20 grams of butter is mixed with about 40 c.o. 
of water, made just acid with acetic acid, and 
the proteins precipitated by adding a few ^ops, 
fcfein^areful to avoid excess, of Fenling’s copper 
sulphate solution. Tt is then filtered on tared 
paper,* waited, dried at 100°, weighed, and 
moinerated. The weight less the ash is the 
proteins. The filtrate is made up to 100 c.c. 
sod ai^ aliquot portion taken for gravimetric 
lactose, det^mination. Where sugar only is 
l%quiredf tbe residue from ether extraction may 
^ wai^dinto |00 o.c. fiask, cleared with copper 
•ulphAHv madejm to 100 c.o., filtered, and an 
aliquot portion^Bken. The quantity of lactose 
diodd not exceed 0*4 p.«., and is usually much 


T^ie matter insoluble in^ether contains, ip 
addition to the true curd and of^er non-fatty 
soli^ of milk, common salt, borax, a portion of 
the boric agid (partly in' solution in ether), and 
certaift fOfcher. preservatives, if. these have been 
added to the butter. The common salt is 
estimated by extracting the weighed quantity 
pf curd in the total curd determination with hot 
water, and titrating the solution with standard 
silver nitrate. 

2. Examination of the fat. The examination 
of the fat to ascertain its purity is one of con- 
siderable difficulty, since butter adulteration has 
been directed to the admixture of fat^ prepared 
so as to give no distinctive reaction. All animal 
fats, such as refined lard and beef fat, and many 
vegetable fats used for this purpose, have 
pra<’tically no volatile acids. Hence the addition 
to butter of fats of this class reduces the soluble 
volatile acids number. Other vegetable fats 
contain volatile acids only partially soluble in 
water. 'J’o this class belong cocoa-nut oil and 
palm-kernel oil. , ^ 

Vc^table fats, tunless specially prepared, 
contain phytostcroj, and the detection of this 
substance establishes the presence of foreign 
fat. Ot her fats, as cotton seed and sesame', give 
specific reactions, and may therefore be directly 
tested for. It has, however, been established 
that the constituent giving the reaction may be 
communicated to a slight extent to milk and 
thence to buKer through feeding the animals 
with oil -cakes made from the8^**oedB. Positive 
reactions in these cases must therefore bo^ 
supported by other evidence. With the object 
of detecting the addition of foreign fat, it is 
enacted in some^pountries that margarine and 
margarine fats must contaip when prepared for 
sale, a small quantity of sesame oil, as a tell- 
tale substance V/^en butter with which such fat 
has been mixed is examined. 

(n.) The soluble volatile acids are estimated 
by the Reichert-WoUny process described above. 

^ Roychler (Bull. ^^oo. chim. 1901, 26, 142) 
projK)sed the extension of the Reichert-WoUny 
process to include the estimation of the volatile 
insoluble acids. Wautors (Analyst, 1001, 26, 
128) modified the Rei(3iert process and made two 
distillations, determining the values for both 
soluble and insoluble volatile acids. 

Polenska (Zeitsoh. Nahr. Gk>nuBam. 1904, 

I 273) adopts the Reichert-WoUny process aud 
estimates in the same operation the soluble and 4 
insoluble volatile acids. 5 grams of the fat ore 
weighed into a 300 c.o. fiask and saponified with 
^ O.O. of soda solution Jind 20 grams of gly^lrol 
by heating the flask over thoifree flame. The 
flask is cooled below 100*, and 90 o.o. of hot 
water and a little powdered pumice are added. 
When the soap is in solution the fatty adds are 
liberated with 60 o.o. of sulphuric acid {M o.c. 
pure II1SO4 in one litre), the flask atta^ed at 
once to a condenser 'arranged vertioaUy, and 
heated fb that 110 0.0. of distillate are ooUected 
in about 20 minutes. The heating is Ihen 
stopped, arid the reedving flask repUoed by a 
measuring jar to catch t^ drainings of the con- 
denser. The distillate uT cooled to 16^, geotly 
shakmi, and <’100 0.0. filtered off and tooted 
with deoinorcaal soda. The number of cidno 
centimetres (multipliedo by 1*1 and oonadbid 
to 6 gram^ is the Beicnert-WoUxiy ndDobbr. 
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The remainder of the distillate is poured on 
theater papr, and then washed ^ith three 
quantities, of 16 o.o. each, of water, each of 
which has, been passed in succession through 
the condenser tube, the measuring |at,%nd the 
110 0 . 0 . flask. These washing are ejected. 
The 110 0 . 0 . flask ifi then placed under the 
filter funnel, and the water-insoluble acids dis- 
solved in alcohol by passing three quantities, 
of 16 0 . 0 . each, of neutral akohol, successively 
through the condenser tube, measuring jar, and 
filter paper. The alcoholic filtrates are titrated* 
with 1/10 normal soda, using phenolphthalein as 
indibator. The number of cubic cenlimetiea 
required is the insoluble volatile acids number. 

In butter-fat this number varies with the 
soluble acids number. Polenske (lx.) gave a 
range of 1‘36 insoluble for 20'0 of soluble, to 
3*0 insoluble for 30 of soluble. Individual 
butters may, however, give numbers outside 
this range. Rideal and Harrison (Analyst, 1906, 
31, 264) give results of examination of a number 
of Enga^ butters, ^rris (ibid. 1906, 31, 
363) ^ows the variation in insoluble acids 
number for the same soluble acids number. 
Hesse (Chem. Zentr. 190.'), J, 560) states the limits 
given by Polenske should be higher. Hesse and 
Harris (l.c.) point out the importance of following 
exact details of procefs, particularly in regard 
to size of pumice. Harrjs gives varying results 
obtained by operating with pumice of different 
sizes. Beerboliiu (Milch. Zentr. 1913, 513) 
states that d'.i^jng lactation, the R.W. number 
falls but the jPolensko number rises. 

(^coa-nut fat gives a soluble acids number 
by this process of 7-9 and an insoluble acids 
number of 16-18. Hence the addition of this 
fat to butter d|pre8ae8 the Reiohert-WoUny 
number, and iuCTeaaea the insoluble volatile 
acids number. At the same time, the Zeiss and 
iodine numbers would be "lowered, and the 
saponification value would be increased. Thus, 
while the Polenske value alone might not itself 
be sufficient evidence of adulteration in cases of 
small quantities of admixed cocoa-nut fat, the 
disturbance of the co-relation between the other 
numbers would establish the presence of the 
adulterant. Palm-kemei fat has a Reiohert- 
WoUny number of 6, and insoluble volatile acid 
number of 10-12 ; other veptable and animal 
fats have a total volatile aci^ number less than 
1. The addition of palm-kernek "oil would 
(^rate in a similar manner to that of cocoa-nut 
fat ; animal fat would depress both the soluble 
uid ktsolubla volatile aoi^, but ihe former to 
ask greater extent thfui, the latter. Tho^ 
(Anjdyst, 1906, 173) makes a second distilla- 
tion m the ordinary Reichert process, after 
addition of more water, and obtains an increased 
value for the total insoluble volatile acids. Ho 
gives results of examination of butters and 
mixture. 

Muntz and Goudon (Mon. Sci. 1904, 18 ; 
Analyst, 1906, 30, 165) have devisecf a similar 
method for determining the ratio between the 
soluble and insoluble^* volatile They | 

saponify 10 grams oHat with hot strong aqueous 
potash* dissmve the i^p in water, add phosphoric 
acid solution, and (fistil 200 0 . 0.1 using a spiral 
dephlegmator of oonsiderable Wgth. The dis- 
tUhkte IS filtered and^e soluble acids titrated. 
Ilie inst^iie in the oondefUer tube and 


fiask, and on the paper are also dissolved in 
aloohql and titrate They found that pure 
butters yielded from 4*79 Ijfi'Ol p.c. of foluble 
volatile acids (as butyric alid) and 0*6 to 0*87 
p.c. of insoluble; while cocoa-nut fat gave 
1*16 to 1*27 p.c. soluble, and S-01 to 3*63 p.c. 
insoluble. They determine the following ratios : 
insol. vol. ... 


for genuine butter, and 260*3 to 282*3 for cocoa- 
nut fat. 

Vandain (Analyst, 1901, 26, 320) determined 
the ratio between the total fatty acids soluble 
in 60 p.c. alcohol, and those soluble in the alcohol 
but insoluble in water. Robin (Compt. rend. 

1906, 143) practically applies the same principle 
in his method. He found that*tho ratio 

X 10 was 8*3 to 12*7 butter, 232 for ntirgarine, 
and 226 for cocoa-nut fat. Shrewsbury and 
Knapp (Analyst, it) 10, 36, 386) remove the acids 
soluble in water, and the* determine the 
solubility of the remaining fatty acids in dilute 
alcohol. They find#, solubility figure of 28 for 
butter and 163 for cocoa-nut fat. It has been 
shown (Caldwell* and Hurtley, Analyst, 1909, 
34, 274) that launo and fliyristio acids are the 
chief constituents of cocoa-nut fatty*oida, but 
that these acids are only present to a slight 
extent in butter; and those processes are 
therefore based upon the solubility in 60 p.c. 
alcohol and insolubility in watei>of these acids. 
Fendler (Zeitsch. Nahr. Gonussm. 1910, 19, 644 ; 
Analyst, 1910, 36, 366) has a similar jnxicesa. 

Av4-Lallemant (Zeitsch. Nahr. Qenussm. 

1907, 14, 317) precipitates the neutralised, 
alcohol-free soap solution with barium chloride, 
and determines the baryta values fo]^he soluble 
barium salts, and for the insoluble barium saline 
He finds that normal butter has insoluble baryta 
value of 247 to 261, and soluble baryta value of 
60 to 66. The value [insol. — (200-f*Boluble)] is 
negative for butter, whereas other fats have a 
positive value not less than 39. (See also 
Fritzsche, Zeitsch. Nahr. Genussm. 1907, 14, 329.) 

Ewers (ibid. 1910, 19, 52^) proposes a method 
depending upon the different solubility of the 
magnesium salts df the fatty acids, and on the 
varying solubility in petroleum spirit of the 
fattje acids from the soluble magnesium salts. 

Various methods have been proposed to 
distinguish between cocoa-nut fat and butter 
fat by means of the solubilities of the silver 
salts of the distilled acids in the Reichert- Wollny 

S rocesB (K. Jenson, Analyst, 1906, 30, 396; 
». Jenson, Zeitsch. Nahr. Genussm. 1906, 10, 
265 ; Kirsohner, ibid. 1906, 9, 66 ; Wijsman and 
Reiist, ibid. 1900, 11, 267 ; Dean, Ann. Chim. 
anal. 1906, 11, 121). Of these, the m^hod^f 
Kirschner has been much used in this coontiy in 
connection with the Reichert- WoUny -Polenske 
process. As it gives a measure of the amount of 
butyric acid present, and eliminates the reading 
in the ordinaiy R.W. process due to the prMei^ 
of other soluble volatile acids, it is of speoud 
value for the detection in butter ofnmaisaiioA 
mixtuses coniaming cocoanut or palm"imtn|} 
fata. The Kursohner process is oamill ont M 
follows: To the 100 o.o.*isiiioh have been 
neutralised with baiyta lor Um 
0‘5 gram of Ag^SOi is added, and after et( M > d l n || 
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(or J hour with oooa«ional shaking, tlie liquid is 
Stored Ikrough a dry paper. 100 o.o. are ^ken ; 
35 o.(a water, 10 c.fi»of dilute H,S 04 (as in^he 
Polenske method), ‘»and a piece of aluminium 
wire are added ; and the distillation carried out 
as before, 110 occ. being collected in 20 minutes. 
100 c.c. are titrated and the Kirsohner number 
obtained as follows : — 


^ *^100 100 


(ar=titration value of iOO c.c. less blank*.) 
(yasnumber of c.c. of baryta solution used in 
titration of original R.W. No.) *■ 

Bolton and Rovls (Analyst, 1911 3.33) and 
Bolton, Richmond, and Revis (Analyst, 1912, 
183) give the results for a number of mixtures, 
and formul® q,tid curves for the calculation of 
the amount of coooanut or butter-fat present. 
They s»%gest the following table for the re- 
lation between the Kirschper and Polenske 
numbers 

Kiischndr 
29 
22 
24 
26 


Polenske 

1- (i0 
^ 2-10 

2 - 65 


^ Cranfi^jld (Analyst, 1915, 441) gives tlie B.W., 
Kirschner, and Polenske values for a large numbfi 
of butters analysed at the Midland Agricultural 
and Dairy College, showing similar relations 
between the Kirschner and Polenske figures. 

Bolton, Richmond, and Revis point out that 
if an allowance of ±1 is made in the Polenske 
value corresponding to any particular Kirschner 
value, the presence of less than 5 p.c. of oocoanut 
fat will cause the Polenske value to fall tmtaide 
the limit, ,^xcept in cases of special feeding of 
WWB. 

JDous (Zeitsch. Nahr. Genussm. 1908, 15, 76) 
has modified the piooess. The mixed fatty 
acids are treated with water to remove the 
soluble portion. Caprylic acid, which remains 
behind with the insoluble acids, is removed by 
distillation, and estimated in the distillate by 
precipitation with silver nitrate solution. Pure 
•butter-fat gives a value 1’6 to 2*0 and cocoa-nut 
fat 6 3. 

Juokenack and Pasternack (Zeitsch. Nahr. 
OenussiTt. 1904, 7, 193) proposed to deteAiine 
the presence of cocoa-nut oil in butter from the 
relationship between the Reichert • Wollny 
number and the saponification value. They 
point oulf that according to the formula [R.W. 
— {sapon. value— 200)] butter fluctuates between 
—8 6 and +4’26. For coc6a*nut oil its value is 
—47. Harris (Analyst, 1906, 31, 355) has shown 
that the method of reasoning suggested u of 
n<^ val^ for small admixtures of cocoa-nut fat 
with butter. 

PaalSind Amberger (Zrxtsoh. Nahr. Genussm. 
1909, 17, 23) (^til separated solid fatty acids in 
a current of steam in special flask, and precipi- 
tate the cadmium salts in distillate. 

• {ibid. 1907, 13, 18) and HanuS and 

SWkl 1908, 16, 677) and Fendler {ibid. 
WIO, 19, 6<M1) propose methods b^sed upfen the 
distillati^h Of tka e%l esters of the fatty acids. 
Fendler prepares*^Mb esters after the manner of 
Heariqtwi (Analyst, 1898, 23, 181) and ooUeots 
tm eirterfl boiling below 300*- This traction 


would include the ethvl esters ^ the acids up to 
and inolqdiug myristio acid. The- vcduma in 
the case of butter ranj^ from 2*6 to 6*1 ; oocoa- 
nut fat, 40 to».42 ; and lard, 0-6 to !•! o.o. 

OalcTnofi and Hurtley (tc.) state that small 
cmantitips of cocoa-nut fat dan be detect^ by 
the fractional distillation gin .a high vacuum M 
the fatty acids. 

(6) The foregoing tests for the detection of 
the adulteration of butter-fat are based upon the 
disturbance of the ratio existing in normal or 
average butter-fat between the proportions of 
soluble and insoluble acids. It has, however, 
been shown that special feeding may aHeot this 
relationship and produce butter giving abnormal 
results. Uncertainty as to the conclusions to 
be drawn may be lemoved ii direct evidence is 
obtained from the application of specific tests. 
The following qualitative tests may be applied 

Phylosterol test for detection of vegetable fate 
(Bomer, Zeitsch. Nahr. Genussm. 1901, 4, lOT’O, 
and 1^2, 6, 1018). — The absolute alcohol 
extract of the unsaponifiabJe matter from 100 
grams ol fat is treated with acetic anhydride, 
the excess of which is removed, and the acetates 
dissolved in alcohol, crystallised, and recrystal- 
lised several times. Cholesteryl acetate melts at 
113-6* to U4*6*, while the melting-point of 
I*hytosteryl acetate is about 129*. If the melt- 
ing-point of the mixed acetates from the sample 
under examination is between 116*’ and 117®, it 
' is probably adulterated with vegetable fat ; if 
above 117®, vegetable fat is oe/^'’jnIy present. 
The tost is not of value if paraffin wax is also 
present. 

ffinks* test for cocoa-nut fat (Analyst, 1007, 
32, 160). — 6 0 . 0 . ofj the fat are dissolved in 
10 c.c. of ether, and the solu/aon cooled in ice. 
After half an hour, it is rapidly filtered, the 
ether evaporated^jom the filtrate, and the fatty 
residue dissolved m 96 p.c, (vol.) alcohol. The 
solution is cooled to 6* for 16 minutes, filtered 
rapidly, and the filtrate oooled to 0®. The 
deposit which separaj^es at this temperature is 
then examined on a cold slide under a power 
of about 250. Butter fat yields a deposit 
of round granular masses ; cocoa-nut fat, jflne 
needle-shaped crystals * and mixtures of butter 
and cocoa-nut fat, fine feathery crystals attached 
to the granular butter masses. The test is 
capable of detecting 6 p.c. of ooooa-nut fat in 
butter fat. • 

Badouin test for tetami oU.-^ o.o. of fat 
are mixed in a tube with 6 0 . 0 . of ECU (ip.gr. 
M9) and 0*9 c.c. of a 2 p.o. furforal 
'ftie mixture is well shaken and allowed to staAd. 
The aqueous layer which separates assumot a 
reddish colour in presence of sesam^ oil Butters 
coloured with some aniline dyes give with hydro- 
ohlorio acid a pink-to-violet oolouratiou, am in 
such a case the acid and fat mixture must Im 
heated until colourless before the addii^ 
the furfi^al solution. 

HalpMn test for cotton seed oil.— 6 &e. of the 
fat are dissolved in 5 0 . 0 , of apayl aleohd, 1 0 . 0 . 
of a eoljfKoneof sulpht,* iu carbon dimlphide ki 
added, and the mixture toted for ftO mhiutm 
at 106® in a brine-bath. ^ red tooufeto ki 
produced in presence of oottou-seed oiL 'Tbm, 
ohiomogenetieoiabstMLoe nmy, hotnifer, hi 

fe^ig cows^v^^c^oo^toe ; and a foSlA^ 
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fraction must b\ confinned by other data of 
^e^Kamhmtion. , 

‘ (e) The sj^ifio gravity and the Ze&^ reading 
ghotm be talcen and considered in oomunction 
with and relation to the data for tUbwiohert* 
WoHny number* Baponifioation an4 iodine 
values. ^ • « 

Of other physioai methods there may be 
mentioned : 

V<Uenta iesi. — 3 o.o. of fat are dissolved in 
in equal volume of glacial acetic acid, and then 
allowed to cool while being stirred with a ther- 
mometer. Immediately a turbidity is noted, the 
temperature is read. A modification introduced 
byJean is to measure the volume of acid dissolved 
in the fat at 50®. (For recent investigation of 
factors affecting the Valenta test, see Fryer and 
Weston, Analyst, 1918, 43, 3.) 

Crismer teat — This method is an official 
one in Belgium. 0*6 o.o. of molted fat and 1 c.c. 
of absolute alcohol are placed in a tube fitted 
with cork and thermometer, the bulb of which 
di]^ into the liquid. TJi« tube is gently heated 
inside a larger tube until the liquid •becomes 
homogeneous. It is then allowed to cool, and I 
the temperature noted when turbidity appears. ] 
This point is the critical temperature of dis- 
solution (Crismer, Analyst, 1897, 22, 71). 
Vandam has shown hqjv the alcohol used in the 
test may be standardised, by means of petroleum 
spirit (Ann. des Falsifications, 0)19, 260). 

Butter fat gives a result varying from 50*5 to 
57, whilst m^^r^arine has a value over 65 if it is 
composed of a^al fat, and under 50 if prepared 
from vegetable fat. The fat must be free from 
moisture and quite clear, and can generally be so 
obtained by filtration in a hot- water oven 
through a drie(J filter paper. The Crismer 
values of other fats are as follows : sesamd oil, 
67*5; almond oil, 64; cotjdh seed oil, 61*5; 
arachis oil, 57*5 ; olive oil, 56 ; cacao butter, 
47, tallow, 34-5 ; lard, 76-77 ; palm oil, 22 ; 
cocoanut oil, 15-19*6 ; palm-kernel oil, 13*5 
(Stewart, J. State Med. l^iS, 26, 312). 

3. BxftmlnaUon for preservatives.— (a) Boron 
cempounda. Boric acid or borax is detected 
by moistening a strip of turmeric paper (filter 
paper soaked in an alcolfolic solution of curcuma 
and dried) with a drop of water squeezed from 
the butter, or with the aqueous layer obtained 
on melting the butter. The paper is then dried. 
Free boric acid gives a pink colour changed to 
green with alkali. For borax a drop of dilute 
'hydrochloric acid must be added to the paper 
before drying, t 

* The borio acid is cstirqated by Richmond aftd 
Harrison’s method (Analyst, 1902, 27, 179) or by 
washing the butter in a separator with hot 
water, evaporating the aqueous portion after 
addition of so^, incinerating, and proceeding as 
in Thomson’s process. 

A method suitable for rapid determinations 
is as follows : 10 grams of butter are shaken in a 
separator with 20 o.o. of hot water an?l 10 o.c. of 
deoinormal sulphuric add. The aoueous layer is 
run off after a few mir^s, and washed 

twice more with si^li quantities of hot water. 
The ipineral acid in the combined water extracts 
is neutralked^with laomoid as indioator. 
% grams mannite are now added, and phenoB 
)Decinbnivd sq^ is thm add^ until 
pkik qolour is permanent The quantity of 


m 

soda' used after the solution was neutral to 
laomoid indicates the proportion of borio aoid 
present. A oon^l exraimont shouid be 
carried out with pure buttef and indjpaton. 

The Committee on Preservatives in Food 
recommended that borax or Imric aoid should 
be the only preservative allowed in butter, and 
that the quantity should not exceed 0'9«p.O. 
calculated as boric acid. * , 

• (6) Fonmlin is oeteoted by tffe application 
of Hehner’s test (Richmond, Analyst, 1896, 21, 
92). A little milk is added to the aqueous layer 
from melted butter, and the mixture pour^ an 
to the surface of sulphuric acid containing a 
trace of ferric chloride. In presence of formal- 
dehyde a blue ring appears at the juncture of 
the aqueous and acid layers. 

(c) Fluorides. Fluorine is d#tected by eva- 
porating the aqueous portion rendered alkaline 
from about 30 grams of butter, inctierating, 
and heating the j^sh in a platinum crucible 
with strong sulphuric acid. The crucible is 
covered with a watch-glass f Dated with wax 
through which a mark or design has been scratched 
with a fine instrum#it. In presence of fluoride, 
the glass will be etched. 

0. and 0. W. Hehner (Analyst, 1902, 27, 
173) indicate how to renlbve the boric aoid if* 
I present before testing for fluoride. • 

(d) Benzoic acid and benzoates. 10 grams of 
butter are heated for some time with alcohol 
acidified with dilute sulphuric acid. The 
alcoholic extract, after dilution •with water, is 
extracted with ether in a separator. The ether 
solution is then shaken with dilute ammonia, 
and the ammoniacal extiaot evaporated to 
dryness in a porcelain dish. The residue is 
dissolved in water, just acidified with aootio 
acid to ensure that no free ammoi^ remains, 
and a drop of ferric chloride solution adde^ 
Benzoic acid gives a buff- coloured precipitajp. 

(e) Salicylic acid. A gprtion of the alooholio 
solution prepared for benzoic aoid is tested 
directly with a drop of ferric phloride solution, 
SalioyUo acid gives a violet colour. 

(jo Richmond (Analyst, 1908, 33, 116) 
points out that formio acid»and glucose are also 
used as preservative agents. * 

•Colouring mailers. The odour of butter 
prepared without addition of artificial colouring 
matftr, varies according to the food of the cows. 
The yellow colour is due to the yellow pigments 
which accompany chlorophyll in all green plants, 
of which carotin and xanthophyll are the most 
important. The pigment is not miffie in the 
animal body, but is derived entirely from tibe 
food ; fresh green grass contains most, and gives 
the highest coloured milk fat. There is a 
di^rence in breed, but this is not so important 
a factor as supposed (Palmer and Eckle^. 9lol 
Chem. 1914, 17, 191). (For the detection of 
carotin in butter, see J. Tnd. Eng. Ohom. 1916, 
614. ) Winter butter from stall-fed cows is neariy 
colourless. Colouring matter is frequent^ 
added to butter during manufaotnre. Annaltq, 
turmeric, carrot juice, safEron, marigold, safflowei* 
and aniline dyes are among the artifilial ^esgUi 
employed. 48it&tion of the butter fat with 
alcohol will give an judication whcftlpr txAsm 
has b^ added. Comelisd0a( J,*' Amor* dmoii 
Soc. 1908, 80, 1478) shakes thorongfaly 
of melted fat With 10 to 20 grains cl gUotajt 
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aootk: acid at about 35^ The acid layer is 
drawn off and tested with various reagei^ts for 
the detection of ^fihie and vegetable dypB, 
Leeds (Anqjyst, 1887, 150) has ali^ propos^ a 
scheme for identification of dye. 

Amiatto and azo- dyes may be rapidly 
tested for as follows : 5 o.o. of melted fat ate 
placed in each of two test-tubes. To one 5 c.o. 
of hydrochloric acid are added, and ilie mixture 
shaken. Azo- ayes will impart a reddish color r 
to the acid layer. To the second tube add 6 c.o. 
of ether, and shake, ahd then 6 o.o. of 10 p.c. 
potash solution. Shake and allow to separate. 
If annatto is present, the alkaline layer will be 
coloured yellow. To confirm the annatto, the 
alkaline liq^uid is withdrawn, evaporated to 
dryness, and touched with a drop of sulphuric 
acid. Annatto tgives an indigo- blue to violet 
colouration. 

Cramfiton and Simons (J. Amer. Chem. Soc. 
1906, 27, 270) point out the jiso of palm oil as 
a colouring substance, and its detection by the 
Halphen and Li^bormann-Storch methods for 
rosin oil. 

The further examinati^i of the butter is 
concerned with its flavour, appearance, rancidity. 
As regards rancidity, the quanitity of free acid 
dissolved in alcohol mhy be ascertained, but this 
is frequerftly no guide to or measure of the 
rancidity, which is best judged by smell and taste. 

The definition of ‘ butter’ in the Margarine Act, 
1887 (60 & 81 Viet. c. 29) is as follows : ‘ The 
word “ butteif” shall mean the substance 
usually known as butter, made exclusively from 
milk or cream, or both, with or without salt or 
other preservative, and with or without the 
addition of colouring matter.’ 

The Butter and Margarine Act, 1907 (7 Edw. 
7, c. 21) d^cribes milk- blended butter as * any 
ni^ure produced by mixing or blending butter 
witlj milk or cream (other than condensed milk 
or cream).’ By the# provisions of this Act 
milk-blended butter may contain a maximum 
of 24 p.0. of water. 

* Innovated ’ or ‘ process ’ butter is a pro- 
duct mainly of the United States. It is defined 
by Act of Congress »s ‘ butter which has been 
tubjected to any prooees by which it is melted, 
clarified, or refined and made to resemble 
genuine, butter.' Butter which is unsaleable 
through rancidity, mould growths, or <fcher 
causes, is melted, and the od separated from the 
curd and water. The oil is then aerated by 
'blowing* with air, and afterwards emulsified 
with fresR milk inoculated mth a bacterial 
culture. It is then churned and worked as for 
ordi^ry butter. 

Cnwptoa (J. Amer. Chem. Soc. 1903, 26, 
368) gives details of analyses and tests, Sevpral 
siadllar processes have been patented here, and 
in some factories the melting and purification 
of inferior butter is now carried on. Hence 
such products might contain crystalline fat, 
and the microscopical examination is now of no 
value as ^test for foreign fat 
• ‘ yaotqn * butter is butter which has been 
lewirked « blended with other butter; by 
*4!^iiy’ bvittet is , nnderatood butiter maAe at 
the farm^s homesteiul, whether from whole milk 
Qor cream ; and' tiPtwm ' creamery * butter is 
By applied to butter made from cream 
^ by centrifugal force from the mixed 


miik of a number of herds in ^mises specially 
utiHsed foy the purpose (see the Re]^ort oliibhe 
Committee of the Department of Agriculture for 
Ireland, on the Irish Butter Industry, Cd, 6092, 
1910). « 0 

In hot countries, owing to the rapid decompo- 
sition of ordinary butter, Ahes clarified fat, nree 
from water and curd, is prepared for sale, as 
‘ Bohmelzbutter,* ‘ghee.* 

Trimen (Analyst, 1913, 242) has described 
the preparation of ‘ Samna ’ or ‘ Samn,’ the 
Egyptian product corresponding to the ‘ ghee ’ 
of India, whole milk is churned in goatskins 
until the butter (zibda) forms. The ribda is 
collected from the villages by the samna makers, 
who heat in large pans until it melts, the samna 
being poured off from the water and curd. Its 
keeping properties are much superior to those of 
butter, and it may be used years after it has been 
made. It is pale yellow in colour, possessing a 
smell, sometimes cheesy, sometimes acid, fre- 
quently rancid, and always unpleasant to 
European ideas. BoUi, Egyptian samna and 
Indian gfiee are largel;^ made from buffalo milk, 
and unless artificially coloured are very pale. 
Syrian samna is generally believed to be made 
from sheep and goats’ milk. 'J’rimen gives the 
results of analysis of a number of samples. (For 
other analyses of ghee, &ee Bolton and Revis, 
Analyst, 1910, 343; 1911. 392; and 

Kesava Menon, J. Soc. Chem. Ind. 1910, 1428). 

G. S. 

BUTTERINE v. Margaeinb. ^ 

BUTTER SUBSTITUTES v. mBGAEiNE. 

BUTTER SURROGATE v. Margarine. 

BUTTER, VEGETABLE. A greasy substance 
expressed from the Iwrnel of the Bassia huiyracea 
(Roxb.), a native of North India. This grea^ 
is said to make excellent soap! Shea butter is 
obtained from the Butyrospermum Parkii^ of 
West Africa, and 'has been used in making 
candles and soap. The butter-tree of Sierra 
Leone is the Pentaduma huiyracea (Subine), the 
fruit of which yields much grease, and is eaten 
by the negroes (v. Oiii and Fats). 

BUTTER YELLOW. Benzeneazodimtihyl 
aniline CeH^-N : N‘C,H4-N(CH,),. A yeUow 
colouring matter (m.p. Ii6°) ; insoluble in water, 
soluble in dilute HCl, with red colour ; soluble 
in fats. Used for colouring butter (Witt. Griess.* 
Ber. 1877, 10, 528) (v. Azo- ooloubino matters). 

BUTTER^ MINERAL. A term formerly ap- 
plied to several of the metallic oblorides, 
chlorides of antimony, tin, bismuth, zinc, Ac. 

BUTYL. 4 univalent radica yielding four 
isdmeric mono- derivaijves : • 

(1) CHa'CHj-CH.-CHgl (normal); , 

(2) OHj-CH.'CSHX'CH, (secondary) ; 

(3) <CH,),CH*CH,X; 

(4) (CHjSjCX (tertiary). 

Butyl Compounds. 

Butyl alcohol. Tetryl alcohol O4H4OH. AB 
the four possible bodi« corresponding to this 
formula are known. 

1. Normal butyl aUMrx butanol •, promd 

crtrfeinol ; b.p. 117#“ 

(oorr.) (Thorpe and Rodgerf Bhil.' Trans. 1894, 
185, ii. 636 ; :^hl, Annalen, 203, 16) ; flptgr. 
0“«0-8233, 20V0'8109, 40“*»07994, 96T- 
0-7738, 2074‘’»t)-809| (B.)'; 1-39909, nioL 

relraotion»8lS^46 (b!). Oooura in the heavp 
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oil of Cognac brAidy to the extent of 49 p.c. 
Is a# formed in the fermentation of sugar 
moduced by elliptical yeast (Claudon add Morin, 
Chom. Soc. Trans. 1887, ii. 714). .Is produced 
by the action of sodium amalgam un^ii %utyryl 
chloride and butyric acid (Saytzeff, Zeitsch. 
Ohem. 1870, 108; Lkiia^ann, Annalen, lol, 178). 
Also by the fermentation of glycerol by BacilliLs 
huiylicua and certain other bacteria in presence 
of calcium carbonate and various foodstuffs, 
e.g. ammonium tartrate ; the yield amounts to 
9 p.o. of the glycerol used. Butyric acid and a 
little ethyl alcohol are also' formed (Fitz, Ber. 9, 
13t8 ; Vigna, Ber. 16, 1348). Is also produced 
by the action of nascent hydrogen (iron and 
acetic acid) upon crotonaldehyde and trichloro- 
butyraldehyde (Lieben and Zeisel, Monatsh. 1, 
825, 842). 

Beyerinck has shown that the Bacillus 
hutylicus of Fitz (Ber. 1882, 867) is in reality 
the butyric ferment. The true butylic ferment, 
OranuMacter butylicum, has been isolated in a 
pure condition, and an^ account of the whole 
fermentation process is givtn ( J. Soo. Chl)m. Ind. 
1894, 167 ; ibid. 969). (See also Emmerling, 
Ber. 1896, 2726 ; 1897, 451 ; Buchner and 
Meisenheimer, Ber. 1908, 1410.) 

Properties. — Colourless liquid, soluble in 12 
parts of water from yhich solution it can be 
separated by means of cakium chloride. Soluble 
in concentrated hydrochlorio acid ; is readBy 
oxidised to butyric acid. Fused zinc chloride 
abstracts wa^^, and yields )3- butylene and 
smaller amounts of normal butylene (Le Bel 
and Greene, Amor. Chem. J. 2, 24). 

Bromine acting on n-butyl alcohol yields, 
with some difficulty, mono-brombutaldehyde, 
b.p. 236® (lltard,jCJompt. rend. 114, 753). The 
action of aluminium amalgam on the butyl 
alcohols, producing liquid aluminium alkoxides, 
has been studied by Tistsnenko (Chem. Soc. 
Abstr. 1899, L 408). 

2. Iso-butyl alcohol, isopropyl carhinoU 
a-hydroxy P-metnylpropaneiCE ^) 2 CB.'GYi gOB, b.p. 
108'4® (Linnemann, Annalen, 160, 238), 107 ’5® at 
766 mm,, Michael and Zeidler (Amialen, 1912, 
393, 81), 107 ’6® (corr.), Thorpe and Rodger 
(PbU. Trans. 1894, 186,* A, 638) ; sp.gr. 0-7266 
at 106-6®/4® (Schiff, Annalen, 220, 102), 0-8168 
at 0® (L.), 0-8069 at 16®/15®, 0-8008 at 25®/26® 
Perkin (Chem. Soc. Trans. 1884, 468) ; sp. 
heBt=®O*680 ; molecular rotation =4*936 at 17-7° 
(P.) ; molecular refraction =35 -41 ; ;i^= 1*4007. 

Sp.gr. of aqueous solutions (Ikiolaux, Ann. 
ciim. Phys. [6] 13, 91) • 

Pe^tageofaloo-U.5 6 6 10 

hol (by vol) / 

Sp.gr. of aqueousUgggQ q -9916 0*9875 

solution at 16® / , , ^ 

Occurs in fusel oil from potatoes and beet 
(Wurte, Ann. Chim. Phys. [31 42, 129), and 
combined with angelic and isobut^rio acids in 
Roman oil of chamomile (Kobig,* Annalen, 


196, 96), 

Prsporafion.— By ^ actio^ sp sodium 
amalgam and water upon j8-chlorwobutyl alcohol, 
which results from*the action of hypoohlorous 
acid upon twbntvlAe (Butlerow, Annalen, 144, 
24), U formed in toiall quantify by the action 
of oDiptloal yoAt ,upg| lugw ot glywtol 
(Olaudon and Morin, Uhmn* So<# Trans. 1887, 


ii. 7 ifl^ By the reduction of tsobutyric aldehyde 
with sodium amalgam (Linnemann and Zotta, 
Annaleh, 162, 11). 

Properties. — (Colourless #quid, soluble in 
10*6 parts of water, from which calcium ohlorkle 
causes it to separate. Smells, like fusel bO. 
Is oxidised by chromic acid into wobutyrio acid, 
acetic acid, carbon dioxide, acetone, and o^het 
products (Kramer, Ber. 7, 2,5%; Schmitt, wid. 
8,-1361). Zinc dusfr yields wftter and iso- 
butylene (Jahn, ibid. 13, 989). 

Treated with iodine and aluminium, alumi- 
nium triwobutoxide A1(C4H80)3 is formed. It is 
a liquid which may be distilled in vacuo (Glad- 
stone and Tribe, Chem. Soc. Trans. 1881, 6). 

i^obutyl alcohol may be catal^ically 
oxidised to t^obutyl aldehyde. The vapour of 
the alcohol mixed with air, is passed over warm 
freshly reduced copper spirals ad& the products 
collected. A yield of 60 p.c. is obtaiqable (E. 
Orlow, J. Soc. Chem. Ind. 1908, 967). 

When chlorine “ia passed into diy wobutyl 
alcohol, and the solution subsequently heated 
gently, the product can be separated into two 
fractions, boiling at-80®-100® and 170®-260®. 
The lower fraction consists of chlorisobutaldC- * 
hyde, boiling at 9J®-91®; sp.gr. M86, 1574®. It 
combines with sodium hydrogen sulphite, and 
when oxidised with alkaline permangaimte yields 
acetone and hydroxyh'obutyrio acid C(CHj),OH* 
(300H, melting at 78®. Atermolecular polymo- 
ride which melts at 107®, is 

obtained by shaking with strong^sulphurio acid 
(A. Brochet, Compt. rend. 114, 1538). If the 
alcohol is kept cold, the chief product is dichlor- 
taobtUyl oxide C(CH3)aCl'CHd*0*CHaCH(CH8)a 
boUing at 192-6®/760, and of sp.gr. 1*031, 16®/4®. 
Water is without action on this product at low 
temperatures, but at 100® produces hydrogen 
chloride and o-chlortsobutaldehyde*Bnd di*so- 
buty lmonochlort>obutyTal C( CHj) ,C1*CH( OC^Hft 
boiling at 218°, and of sp.gr. 0*9355, 1674° 
(A. Brochet, Compt. rend? 118, 1280; v» also 
Brochet, Bull. Soc. chim. 1896, 16 ; ibid. 20). 

When chlorine is led into#hot wobutyl alco- 
hol, chlori'wbutyricwobutyl ester, a/8-diohlort«)- 


ohloride are produced. Treating aqueous wb- 
butjd alcohol with chlorine water produces 
wobutyric acid, and o-chJorisobutyrio acid 
•sobutyl ester. Chlorine acting on cold dy 
Mobutyl alcohol in the light produces 1 ; 2- 
dichlon'c<iobutyl ester (Brochet,* Aiy;!. Chim* 


Phys. 
Iso] 


I 10, 363). 


ftutyl alcohol, when acted on by bromine, 
readily yields isobutyl bromide, mixed with 

« 1 isobutyrate, and bromisobutaldehyde 
Compt. rend. 114, 763). . , 

(For combinations and derivatives olillsobutyi 
alcohol, V. Gladstone and Tribe, *Clmm» Soo. 
Trans. 1881, 6 ; Pierre and Puchot, AnnaloB* 
163, 274; and Heindl, Monatsh. 2, 208.) 

3. Secondary butyl alcohol, 
iane, methyl eihyl carbinol, hviylmi hydni^ 

b.p. 99® at 738*8 nftn. (LieWI** 
Annalen, 166, 114) ; sp.gr. 0*827 at 0*, 0*110 

at22®(L.). ms . ^ 

Formed by the action” water upon the 
compound of zinc- ethyl and aldehyde t 





UUTYL. 


CH|qH(0*H|)OZn{0,H4) 

thus: 

CH,efH{C,H,)0'Zif?,H54-H80 

» • «C4H,OH+ZnO+C,H. 

(Wflgner, AnncAon, 18l, 261). *Also by acting 
upon Becondary butyl iodide with silver aceUhte 
and*Baponiiying ^he resulting acetate by means 
of potash. ^Normal bu^yl alcohol may be 
changed into the secondary alcohol ; the normal 
iodide is heated with potash, and the normal 
butylene so obtained bn treatment with hydri- 
odio acid yields secondary butyl iodide (Saytzeff, 
Zeitsch. anal. Chem. 1870, 327). It may also be 
prepared from the normal isomeride by treating 
»-butylamine with nitrous acid (Meyer, Ber. 10, 
130; Kanonnikoff and Saytzeff, Chem. Soc. 
Trans.* 1876, 626). 

Properties. — Liquid, with strong odour ; upon 
oxidatidh yields a ketone CjHj^-CO-CHj (b.p. 
80®), and acetic acid (Kanon/iikoff and Saytzeff, 
Chem. Soc. Trans. 1876, 626). Heated with 
a trace of hydrochloric, hydrobromic, or hydri* 
odio acid, in a sealed tube, to 240®, yields C4H8 
, (pseudo-butylene). It ha# been separated into 
itS^ optical antipodes by R. Meth (Ber. 1907, (j 95) ; 
the alcohol has [a] , 0*32°. '' 

4. Tertiary huiyl alcohol, trimethyl 
cariinol (CHjljC'OH. A solid; m.p. 25*45® 
(De Forcrand, Compt. rend. 136, 1034); b.p. 
82‘94* (corr.) (linnemann, Annalon, 162, 26) ; 
81 •6®-82® (Per^n, Chem. Soc. Trans. 1884, 468) ; 
82*25® (Thorpe and Rodger, Phil. Trans. 1894. 
ii,539). Sp.gr. 0*7792 at 37® (L.); 0*7788 at 30® 
(Butlerow, Annalen, 162, 229) ; 0*7864 at 
20®/4®. 0*7802 at 26.®/4® (Briihl, Annalen, 203, 
17) ; 0*7836) at 26®/26®, 0*7761 at 35®/36® ; 
molecular rotation at 24*3®=6*122 • (P.) ; 
^=>=l*3924r; molecular refraction ==36*53 ; crit. 
=234*9° (Pawlewski, Ber. 16, 2634). 

Vormed from »«ol^utyl iodide by treatment 
with acetic acid and silver oxide (Linnemann ; 
Butlerow, Annalen, 168, 143) ; also from iso- 
butylamine by treatment with nitrous acid, and 
from Mobutyl oarbimide CO*N*C4H4, by action 
of potash (Linnemai\p, Annalen, 162, 12). Can 

prepared by allowing 20 grams of tertiary 
butyl iodide and 50 ^ams ofVater to stand in 
contact lor two or three days (Dobbin, Chem. 
S60. Trans. 1880, 238). t. 

/wbutjrl alcohol heated with excess of hydro- 
ohlOrio acid yields a mixture of secondary and 
tertiluy butyl chlorides, and when heated with 
six TolumM of water only the latter is decom- 
po«i|^ yielding the alcohol and hydrochloric 
acid (Freund, J. Pharm. Chim. [2] 12, 25). 

Properfier.— Forms rhombic plates or prisms. 
Unitea with water to form a liquid hydrate 
2C^,4aH,0 (b.p. 80® ; 8p.gr. 0*8276 atT 0® 
4>uialeii, 162, 229). On oxidation 
yields hogtone, carbon dioxide, acetic acid, and 
a small quantity of isobutyric acid (Butlerow, 
Zeitsch. Chem. 1871, 485). 

The fpdstenoe of the hydrate 04HioO,2HtO, 
0®, js confirmed by cryoscopic, density 
aili4 viaeqia^ determinations (Paterob and 
Atl$ % Apoad. Lincei lOOJ (v.), 16, ii. 

' Hw). W ' , 

In fUAUght it eiwbines with chlorine, form- 
W tertiaiy butyl chloride and other aubstanoes 
llPOtreppe, J. 1881, 612). j 


Trimethyl uuuuiuut oj.|M{ruaB i«auiy WJuva 
treated with bromine, yielding Isooidyiene 
bromide * C(CH4),BrOH|Bs boilmg at 148® 
(Etard, Compt. rend. 114, 763). 

Teitigrp butyl alcohol has a slightly narcotic 
action when taken internally, and is found in 
the urine in combination w^th glyouronio acid 
(Thierfelder and v. Mewng, Chem. Soc, Abstr. 
1885, L 1002). 

Nitrohydroxyhutanes may be obtained quanti- 
tatively as follows: By the action of nitromethane 
on formaldehyde, in presence of a little potassium 
carbonate, tertiary nitrotrihydroxybutane 
N04*(CH40H)„ a white crystalline solid, melting 
at 168®-169®, is produced. Nitroethane pro- 
duces tertiary nitrodihydroiybutaneNOj*C(CHg) 
(CH,OH)j, meltii^ at 139®-140®. Secondary 
nitropropane yields nitrowbutyl alcohol 
NO,*C(Me)a*CHjOH, melting at 82® (L. Henry, 
Compt. rend. 1896, 121, 210). 

Butyl bromides. Tetryl bromides C4H4Br. 

1. Normal butyl hromi^de, a-6romo5«fowe 

CH,*CH|CHa*CHgBr; 

b.p. 99^9® (corr.) (Linnemann, Annalen, 161, 
193) ; sp.gr. 1*3050 at 0®, 1*2792 at 20®, 1*2671 
at 40® (Lieben and Rossi, ibid. 158, 161). 

Formed from normal butyl alcohol and 
hydrobromic acid (L. and R. Taboury, BuU. 
Soc. chim. 1911 [iv.] 9, Jp24). 

By the action of bromine, ajS-dibrombutane 
CiHgBrg (b.p. 166“) is formed (L.). 

2 . Isobutyl bromide, a-bromoB-methyl 

propane (CH,)|CH*CHgBr ; b.f.'92*3® (corr.) 
(Linnemann, Annalen, 162, 34 ) ; 91*3® (Perkin, 
Chem. Soc. Trans. 1884, 469); 91*7® (corr.) 
(Thorpe); sp.gr. 1*2038 at 16® (L.), 1*2722 at 
15®/16®,. 1*2698 25®/26® (P.). Molecular 

rotation =8*003 at 16*2® (P.) From iwbutyl 
alcohol, bromine, and phosphorus (Wurtz, 
Annalen, 93, If^. Unites with bromine at 
150° to form C4H7Br3 (L.). Pure wobutyl 
bromide is an unstable substance, both in the 
liquid and gaseous states, when heated. 

3. Tertiary butykbromide, ^Ammo-^-methyl 

propane (CH3)3CBr ; b.p. 72® at 761*6 mm. ; 
sp.gr. 1*215 at 20®. 1*2020 ati6®/16®, M892 at 
26®/26® ; molecular rotation =8 *238 at 17*8® (P.). 
Formed when tsobutyl bromide is heated to 240® 
(Eltekow, Ber. 8, 1244). Also from tiimethyl 
carbinol and phosphorus pentabromide (Rebo^ 
J. 1881, 409). May also be prepared by leading 
isobutylene Into a solution of hydrobromie acid 
of sp.gr, 1*7 (Roozeboom, Ber. 14, 2306). Js 
readily decomposed at 300® into Mobu^lene 
and hydrobi^mic acid. Water, in the ooW, 
forms the alcohol •t ^ 

Tribrom'o tert-butyl alcohol (broinetone} 
C4H70Br3, m.p. 167®-! 76®, forms white ezybts^ 
has a camphor-like taste and odour, is sbwi^ 
volatile in air, and can be distilled with steq^"' 
(Aldrich, J. Amer. Chem. 800. 1911, 33* 8^)^ 
For pharmacological properties, see Howhtqn 
and Aldriqh, Proc. Amer. Phys(^ Soc. 19(«). 

4. Secondary butyl bromide, , 

butane CH.‘CH,*0HBr*CH, ; - b.p. 90®-*fe® (?i 
Meyer aiftt WBUer, J. Chem; [21 4«, 183) J 
obtained from seconded beityl al^hol bw 
action of hydrobromie aci4 and yields p (7)- 
dibrombutane ^by wai’ming with iron and, 
bromine. • 

For observations In tho course of the intsa* 
molecular transformations of th«.batyl bromldflf ' 




BOTYL. 


TU 


370, 263*j^!SSSi and^^Slen Annalen| 
1012, 393, 81; Mioha«!; 8 charf ahd Voigt. 
T. Amer. Ohjem. Soo. 1916, 38, 653. 

Butyl chlorMM, Tetiyr chldri|M|C 4 H,Gi. 

1 . Normal butyl chloridet a-Mloroutane 

CHaC!B^CH|’CH,Ci * 

b.p. 77 ‘96® (corr.) (Lmnemann, Annalen, 61, 
197) ; Bp.gr. 0-9074 at 0®, 0-8874 at 20® (Lieben 
and Kossi, ibid. 168, 161) ; 0-9074 at 0® (L.), 
0*8972 at 14®. Formed by the action of chlorine 
Ujpon n-butane (Pelouze and Cahours, J. 1863, 
624), More easily by the action of hydrochloric 
acid upon n-butyl alcohol (Lieben and Rossi). 

2 . 1 9 oh uty I chloride, B-methyl-a-cMorpro- 
pane (CHj).CH-CH|Cl ; b.p. 68-5® (Linne- 
mann, Annalen, 162, 17); 68-6®-69® (Perkin, 
Chem. Soc. Trans. 1884, 461) ; 69*02® (corr.) 
(Thorpe) ; sp!gr. 0*8798 at 16° (L.), 0*8963 at 0 ®, 
0*8651 at 27*8®, 0*8281 at 69° (Pierre, Puchot, 
Annalen, 163, 276), 0*8835 at 16®/16®, 0*8739 at 
26®/26° (P.). Molecular rotation at 21*3®=6*144 
(Perlm). Formed by *(^6 action o& hydro- 
chloric acid or PCI 5 upon the alcohol (Wurtz, 
ibid. 93, 1 13). By the action of chlorine, hexa- 
chlorbutane is produced. 

/aobutyl chloride is also produced by the 
interaction of chlorine and isobutane in diffused 
sunlight (Mabery and Hudson, Amer. Chem. J. 
19, 246); and also by treating tsobutylamine 
cooled to —16® 'wth nitrosvl chloride (Solonina, 
(3iem. Zentr. 1898, ii. 887)' 

3. Tertiar'f butyl chloride, fi-methyV^^ 

chlorpro^ne (CHjljCa ; b.p. 61®-62* (Perkin, 
Chem. Soo. Trans. 1884, 451); sp.gr. 0-8668 
at 0 ® (Puchot), 0-8471 at 15°/15®, 0-8368 at 
25°/26®; molecular rotation at 15°®= 6-257 
(Perkin). • 

Formed ( 1 ) by the ohlorii^tion of tertiary 
butane (Butlerow) ; (2) by the action of iodine 
monochloride upon t.sobutyl iodide (Linnemann, 
Annalen, 162, 18) ; (3) by the action of hydro- 
ohlorio acid upon wobutylene at 100 ® (Zalessky, 
Ber. 6 , 480 ; Le Bel, Bulf. Soc. chim. 28, 462) ; 
U) by saturating trimethyl oar bind at 0 ® with 
JdCl w (Schramm, Monatsh. 9 , 616). 

Heated with five or 8*1 vols. of water to 100®, 
the alcohol is produced (Butlerow, Annalen, 
144, 33). Chlorine in diffused daylight, in the 
cold, forms C 4 Hjaj (b.p. 106®-107®), C,H,C1, 
aind C 4 H 4 CI 5 , whilst in direct sunlkht C 4 H 4 CI, 
(b.p^ in partial vacuum about 116^, and other 
^ produett are formed (D’Ottreppe, J. 1882, 441). 

Tortiary butyl chloride is also ^rmed by the 
fluijjon of ra^on trimethyl oarbinoT ( Janschenho, 
Chem. Zentir. 1897, ii. 3^4). It also results, 
together with isobutyl chloride from the action 
of nitrosyl chloride on tertiary butylamine in 
xylene solution at —16® to — 20 ® (Salonina, 
ibid, 1898, ii. 888 ). 

4 . Seeondai^hutyl chloride, B^chlorobu- 

tune CHj-CHj-CHCl-CH,, is produced by the 
action of nitr^l chloride on secondly butyl- 
antine in xylene solution at — 20 ® (Solonina, 
Chem. Zentr. 1896, ii. 88 $). ^ 

Bllty! eyiUMtei. Only the iso-^anates have 
been described. * 

1 . ia^cyauate, /sobutyl oarbi. 

mide (CH*)|(3a-CH*-p00 ; b.a 110 ® obtained 
l^rthe distillation nn iooide with silver 

connate and sand (Bikudir, Ber.el2, 1177). 


1 ?. Tertiary butyl ieocyanate 
, (CH,),C-NCO ; 

b.p. 86 * 6 ® (corr.) ; sp.gr. (P8676 at 0 ° ; Amains 
liquid at —26®. Is termed, •together, with other 
substances, whjn silver oyanateacts upon isobutyl 
iodide (Brauner, Ber. 12, 1874)f By the action 
of* hydrochloric acid, forms tertiary butylamine 
( 0 H 3 ) 3 C-NH 2 . Potash produces symmefrical 
dit.<>obutyl urea, mcltmg at 242®., 

• Bufyi cyanides. C 4 H 9 CN. * 

*1. Normal butyl cyanide, valeronitrile 
CHa-CH^-CHj-CHjCN ; 

b.p. 140-4® ati 739-3 mm. ; sp.gr. 0-8164 at 0® 
(Lieben and Rossi, Annalen, 168, 171). 

2 . Isobutyl cyanide (CHO/CH-CHj-CN ; 
b.p. 126®-128® at 714 mm. (Erlenmeyer and 
Hell, Annalen, 160, 266); 129-3®-129-6® at 
764*3 mm. (R.Schiff, Ber. 19,66?); sp.gr. 0-8227 
at 0®, 0-8069 at 20® (Erlenmeyei; and HelL ; 0*6921 
at 129®/4® (S.). Formed by the oxiaation of 
gelatin (Schlieper,* Annalen, 69, 16) or casein 
(Gunckelberger, ibid. 64, 76) \^th chromic acid ; 
also by the action of P 2 O 4 upon ammonium 
tsovalerate (Duraa^ Malaguti, and I<eblanc, 
ibid. 64, 334). Ma^e prepared by heating 300 
grams t^obutyl iodide, 98 grams of potassium 
cyanide, 98 grams of alcohol, and 26 grams of 
water for three days on the water-bath (Erlen- 
meyer and Hell). 

3. Tertiary butyl cyanide (CHs),C-CN ; 
m.p. 16®--16®; b.p. 106®-106®. Formed by 
mixing 100 parts of tertiary butyl iodide, 110 
parts of mercury potassium cyanide Hg(CN)j* 
2 KCN with 75 parts of dry magnesia, ana allow- 
ing the mixture to remain for two or three days 
at a temperature not exceeding 6 ®. The mass is 
then treated with water, ana distilled on the 
parafl&n-bath (Butlerow, Annalen, 170, 164). 

4. Secondary butyl cyantdg,liiethyletlwl 
acetonitrile CjHg-CHj-CH-CN; b.p. 126®; sp.jr. 
0-8061 at 0®. Sodium (^ eqv.) is dissolved in 
acetonitrile in benzene, arfb ethyl iodide (1 eqv.) 
added (Hanriot and Bouveault, Bull. Soc. cmm. 
(3), 1, 172). 

Butyl hydrides. Butanes, tetranes. 

1 . NormA butane, diethyl, meihylpro* 
pane CHj*CH|*CH|*CH« ; * b.p. 1 ® (Butlerow. 
Zeitsch. Chem. 1867, 36a) ; —0-3®, Burrell and 
Robertson ; sp.gr. 0-60 at 0 ° (Ronalds, Chem. 
Soc^Trans. 1866, 64). Critical temp. 153*2 ; 
critical press. 36-67 atm. Occurs in crude 

P etroleum (Ronalds, Lefebvre, Zeitsch. Chem. 
869, 186). Formed by heating ethyl iodide with 
zinc to 150® (Frankland, Annalen,*71, 173; 
Schoyen, ibid, 130, 233). Also by the action of 
sodium amalgam upon ethyl iodide (LSwig, 
J, 1860, 397). A colourless gas, insoluble in 
water. 1 vol. of alcohol at 14*2° and 744*8 mm. 
absorbs 18*13 vols. of butane (Frankland), , 

2 Isohutane, trimeihylmethane (CH 4 )sCH. 
Formed by heating 0*9 part of wobutirl io^de 
with 2*4 parte of aluminium chloride to 120® 
(KOhnlein, Ber, 16, 662). Also by the action of 
zinc and water upon tertiary Jbutyl iodide 
(Butlerow, Annalen, 144, 10). The gtks 4s 
readily soluble in alcohol, from whio]| it oan«be 
expel(^ by dilution with water, b,p. — 13‘4® ; criti* 
cal temp. 133^ ; critical press. 36*64 atim YapoBr 
pressure may be repre 8 ente(|^ tho JoKiiula : 

log P=-1632*661/T -f 1*75 log T~ 0 -(»l<l $878 . 
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(BurreJl and Robertson, J. Amer. Chem. ^Soc. 
1915, 37, 2482). 

t ' 1* ^ CHa-i-UHa 

0. Cyclohuiantt tsfcramethylene, I I 

CHa-CHa 

has not yet been«obtained, but many derivatives 
have bwn prepared by* Perkin (Chem. Sac. 
Tram. 1893, 693 ; 1894, 950). 

Butyl iodl^ea. •CaH,!. 

1. N ormalou^ltyl iodide 


CH,-CHa*CHa‘CHaT ; * 

b.p. 129’8® (corr.) (Llnnemann, Annalen, 161, 
196); 130*4®-131*4® at 745*4 mm.*(Bruhl, ibid. 
203, 21) ; sp.gr. 1*643 at 0®, 1*6136 at 20° (Lieben 
and Rossi, ibid. 158, 163), 1*6166 at 2074° 
(Briihl). From n-butyl alcohol and hydriodic 
acid (Linneman®, ibid. 161, 196). By the action 
of iodine trichloride at 260* it yields hexa- 
chlorethine CaCla (Krafft, Ber. 10, 805). 

2. Isobutyl iodide, ft-iodo-^-meihylprO’ 
pane (CHa) 2 *CH*CH 2 l ; b.p. 120*0° (corr.) 
(Linnemann, Anflalen, 160, 240 ; 192, 69) ; 

83°-83*25° at 250 mm. (Perkin, Cliem. Soc. 
Trans. 1884, 451) ; 119*94° f Thorpe and Rodger, 
Phil. Trans. 1894, A, 11, 470) ; sp.gr. 1*6401 at 
0° (L.), 1*6056 at20°/4° (Briihl, Annalen, 203, 21), 
1*6138 at 15715°, 1*601)7 at 25°/26° (P.). Mole- 
cular rotafion at 19*4°== 12*199 (P.). From iso- 
butyl alcohol, phosphorus, and iodine (Wurtz, 
Annalen, 93, 116). 

3. Secondary butyl iodide, ^-iodohutane 
tjH.-CHI-CH, ; 

b.p. 117°-] 18° (Luynes, Bull. Soc. ohim. 2, 3); 
119°-120® (Lieben, Annalen, 150, 96); sp.gr. 
1*6263 atOVO®, 1-6952 at 20°/0°, 1*5787 at 30°/0* 
(Lieben). Formed by distilling erythritol with 
hydriodic acid (Luynes) or from n- butylene and 
hydriodic altd (Wurtz, Annalen, 162, 23). (See 
allb Clarke, Chem. Zentr. 1908, ii. 1016.) 

4 Tertiary butyliodide, ^-methyl fi-iodo’ 
propane (CH 3 ) 3 CI ; b.|). 98°-99° (with deoom.) 
(Butlerow) ; 100*3° (Puchot, Ann. Chim. Phys. 
g]28, 646); sp.gr. l-671at0°, 1*479 at63°(P,). 
From tertiary butyl alcohol and hydriodic acid 
or wobutylene and hydriodic aflid (Butlerow, 
^^aien, 144, 6, 22) f is easily decomposed (by 
silver oxide, potash, or by heating with zinc 
Mid water), into hydriodic acid and »>obutylene 
[Butlerow, ZeitsoL Chem. 1867, 362). Isj^lso 
ieoompos^ by water in the cold, yielding 
tlydriodio acid and tertiary butyl alcohol. On 
leating with sodium, yields a mixture of hydro- 
gen, isobutylene, and triiso butylene (Ci 3 H 24 ) 
Dobbin, i^em. Soo. Trans. 1880, 236). 

Butyl mereaptaiu C 4 H 2 -SH. 

1. Normal butyl mercaptan 

CHj-OHa-CHj-CHj-SH; 

).p.97°~98°; sp.gr. 0*868 at 0° (SaytzeflE ind 
3rabow8ky, ^Annalen, 171, 261 ; 176, 351). 

2. le^hutyl mercaptan 

(CH,),CH*CH,SH; 

>.p. 88°; sp.gr. 0*848 at 11*6® (Humana, Annalen, 
)6, 266), 0^83673 at 20°/4° (Nasini, Ber. 16, 
<||82)« 

Secondary butyl mercaptan 
• C,H,-CH(SH)OH, ; • • 

j.p. 84*-lft° i 5p.fft^-8299 at 17°. The mercury 
loropound (OaHaSj^g melts at 189° (Reymann, 
S»r. 7. 1287). 


4. Tertiary butyl merdkptatk 
(CH,)3C*SH 

is pre^rM from tertiaiy butyl iodide, zinc 
sulphide, and alcohol (Dobbin, Chem. Soo. 
Trans. ^89#, 641). It boils at 66®-67°, and 
solidifiee^in a freezing mixture. 

Butyl nitrates. a * 

1. Normal butyl nitrate 

CHjCHjCHj-CHj-O-NO,; 
boils at 136° ; sp.gr. 1*048 at 0° (Bertoni, Gazz. 
chim. ital. 20, 374). 

2. Isohutyl nitrote (CH,)aCH*CH.- 0 *N 04 
b.p. 123 ° ; sp.CT. 1*0384 at 0°, molecular rotation 
at 8*9°=5*18 (P.) ; molecular refraction ■■46*72 
(P.); b.p. 123-6°-124*6° (Perkin, Chem. Soo. Trans. 
1889,684), sp.gr. 1 *0334 at 4°/4°, 1*0264 10*/10°, 
1*0124 26°/26°(P.). From silver nitrate, urea, 
and isobutyl iodide (Wurtz, Annalen, 93, 120 ; 
Chapman and Smith, ZeitsoL Chelh. 1869, 433). 

3. Secondary butyl nitrate boils at 124°; 
spgr. 1*0382 atO* (Bertoni, Gazz. ohim. ital. 20. 
376). 

Buty^ nitrites, nItroUitanes C4H.NO2. 

1. Isobutyl nitrite (CH3)2CH*CHa*N02 ; 
b.p. 67°; sp.gr. 0*89446 at 0° (Chapman and 
Smith, Zeitsch. Chom. 1869, 433), 0*8878 at 4°/4° 

, 0*8806 at 10°/10°, 0*8762 at 16°/16°, 0*8702 at 
20°/20°, 0-8652 at 26°/26°; molecular rotation at 
8*2®=6*61 ; molecular refraction =43*9 (Perl^, 
Chem. Soc. Trans. 1889; 686 and 767). Prepared 
by mixing wobutyl alcohol and sulphuric acid, and 
gradually pouring the cooled mixture, into an 
aqueous solution of sodium nitrite (1:3); the 
upper layer, consisting of wobutyl nitrite, is 
decanted, washed with potassium carbonate 
solution, and dried. It is a pale-yellow liquid, 
is apt to become;, acid by keeping, when 
rapid decomposition sets ix. Taken medi- 
cinally, lowers the blood pressure and produces 
respiratory paralysis (Dunstan and Woolley, 
Pharm. J. [3J 19, 487). 

2. Tertiary butyl nitrite (CHj),C-NOa ; 
b.p. 63°; sp.gr. 0*8914 at 0° (Bertoni, Gazz. chim. 
ital. 15, 361); 67°-68° (tTsohemiak, Annalen, 180, 
166). From the alcohol and glyceryl nitrite 
(B.) ; also from the iodide and silver nitrite (T.). 

A yellow, mobile liquid; soluble in alcohol, 
ether, and chloroform; sparingly soluble in 
water. 

Aromatic nitrobutyl derivatives. 

The butvl derivatives of many aromatic 
nitrohydrocOTbons have a musk-like odour, and 
are sold as ‘ artifioial musk.’ Mush Baur, tri- 
nitro metebuW toluene C,H(CIH,)(NO,),C(CH,),, 
is^ormed by iiitrating meto butyl toluene with 
fuming nitric and f uraSiig sulphurio acids. Bum 
toluene is formed by Friedel and Craft’s method, 
as described below, by the action of tertiary 
butyl bromide on toluene in the presence of alu- 
minium chloride. Butyl benzene, ethyl bei^ene, 
and xylene are formed at the same time. 

An unaym metrical butyl oresol is formed 
by oddm^ butyl alcohol and sino chloride to 
meta-cresol. When etherified -end niteated, 
possesses^^e odour of civet (A. Baur, J. Soo, 
Chem. Tndr m2, 307 ; ^ingl. wjy. J. 278. 622 ; « 
J. Soc. Chem, Ind. 1894, m8). 

Butyl xylene may be pr^ired by passins a 
cujrent of isobutylene gas through a n^t^of 

ohloi^^ 
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|>foattOt iB wasliecPwitb water, and the fraction 
of the oil boiling at 200®-302® cpllected. . Gaseous 
hydrochloric and hydrolu’oinio acids may be 
employed to start the reaction (Act. Ge^. fUr 
Anuin-Fabriken, Fr. Pat. 372603). I • • 

Butyl ethers » 

1. Normal buiyk ether ; b.p. 140*6® at 
741*6 mm. (Liebenand Rossi, Annalen, 165, 110); 
sp.gr. 0*784 at 0®, 0*7686 at 20® (L. and R.), 0*7866 
at 0® (Bouiner, .^nalen, 243, 8). By the action 
of the sodium derivatives of the alcohol upon 
n-butyl bromide (Reboul, Compt. rend. 108, 39). 

2. Isobutyl ether [(CHslgCH-CH^l.O ; b.p. 
122®-122*6® (Reboul, Compt. rend. 108, 162); 
8p.CT. 0*7616 at 16® (R.). From wobutyl bromide 
and sodium t«obutylate (B.). The action of 
wobutyl iodide upon potassium wobutylate — 
which, according to Wurtz, yields this ether — 
really gives a mixture of diijobutylene and iso- 
butyl alcohol (Reboul). 

3. Secondary butyl ether 

[C,H,*CH(CH3)],0,* 

b.p. 120®-121®; 8p.gr. 0*76}at 21® (KesseJ, Anna- 
len, 176, 60). From ethylidene chlorhydrin, and 
zinc ethyl (K.). Formed in mere traces only by 
the action of secondary butyl bromide upon the 
sodium derivative of the secondary alcohol 
(Reboul, Compt. rend. 108, 102). Reboul ob- 
tained also the folio wirih mixed ethers .* — 
Secondary butyl isobiftyl ether; b.p. 121®- 
122®; Bp.gr. 0*7662 at 21®; 

Normal butyl wobutyl ether; b.p. 131*5®; 
8p.gr. 0*763 at W-6; 

Normal butyl secondary butyl ether; b.p. 
131®; sp,gr. 0*7687 at 16®; 

Normal butyl tertiary butyl ether ; b.p. 124®, 
but could not obtain the secondary, tertiary, and 
the ditertiary others (Bull. Soc. chim. [3J 2, 
26). « 

Butyl sulphides. 

1. Normal butyl sulphide 

[CH,(CH3),]3S ; 

b.p. 182®; sp^. O' 8623 at 0® (SaytzeflF, Annalen, 
171, 263). From butyl fbdide and potassium 
sulphide. Fuming nitric acid yields the sul- 
phone (C 4 H,)gSOj (m.p. 43*5®) (Grabowsky, 
Annalen, 176, 348). Nitric acid of sp.gr. 1*3 
converts it into the oxide (C 4 Hg)gSO, melting 
at 32®. 

2. Isobutyl sulphide [(CH 3 )aCH*CH 2 ] 2 S ; 

b.p. 172®-! 73® at 747 mm. (Grabowsky and Sayt- 
zeff, Annalen, 171, 264), 170*6® at 752 mm. 
(Beckmann, J. pr. Chem. [2] 17, 445) ; sp.gr. 
0*8363 at 10* (B.). « 

Wso&uiyf disulp/^id|«(C4H,)4S, ,' b.p. 220i^ 
(Spring and Legros, Ber. 16, 1940). 

3. Secondary butyl sulphide 

(0Ha*CH*C,H5)gS; . 

b.p. 166®; sp.gr. 0*8317 at 23® (Reymann, Ber. 7, 
1288). 

Butyl thloeubimidM. Butyl mustard oils ; 

. fsothiooyanates. 

1. Normal butyl thiocarhimiae 

(C4H4)N0S; 

b.p. 187* (Hofmann, •Ber. 7, *61^ From 
n-Wylamine, carbon disulphide, and alcohol 
(H.). • . . 

2. Isobutyl ihiocarbimidi 

• (OH,KCH*C^*NaJ; 

b p. 162*; •P*gf* ft* (Hoiknann, Ber. 7,*j 

111 ). ^ ' 


^.^Stcondary butyl thiocarbimide 
0aH4*CH(Cp[,)N0S; 

b.p.* 169*6*; sp.gr. 0*944 at*jB*. Occurs tithe 
ethereal oil from spoonworf {Cochleq/ria oJj^i> 
nalis) (Hofmann, Ber. 2, 102 ; 7, 612). 

4. Tertimry butyl thiocaiMiimide • 

• (CH3)3C*NCS ; 

m.p. 10*5®; b.p. 140® at 770*3 mm.; sp.gr. 0*^187 
at 10®, 0*9003 at 34® ^Rudnew, BuU. Soo. chim. 
18i^, 300). Has a pleasant* aromatic odour. 

Butylamines. 

1. Monobu^ylamlnes. 

(а) Normal hutylamine^ aminobutane 

CH,CHa*CHa*CH3*NH,; 
b.p. 75*5® at 740 mm. (Lieben and Rossi, Annalen, 
168, 172); sp.gr. 0*7563 at 0®, 0*7333 at 26® (L. and 
R.), 0*7401 at 20® (Linnemann and 2otta, Annalen, 
102, 3). Formed by the action of potassmm hy- 
droxide upon butyl cyanate (Lieben and^ossi) ; 
also from propyl cyanide by zi tic and sulphuric acid 
(Linnemann and Zotta, Annalen^ 162, 3), or from 
[nitrobutane by action of tin and hydrochloric 
acid (Zablin, Ber. 10. 2083). Is miscible with 
water ; reduces copper, silver, and mercury 
solutions in presence of alkalis. The chloride 
forms a ^^ellow crystalline egmpound with PtClg, 
which is almost insoluble in cold water. 

(б) Isohutylarnine^ a-amino-$-me\hylpro- 

pane (CH 3 ).,CH*CH 2 *NH 3 ; b.p. 68® (Schiff, Ber. 
19, 565), 68®-69® (Perkin, Chem. Soo. Trans. 66, 
694); sp.gr. 0*7367 at 66® (Linnenmnn, Annalen, 
162, 23), 0*7464 at 4®/4®, 0*7408 at 10®/10®. 0*7363 
at 16®/16®, 0*7283 at 25®/25®; mol. rot. at 
15-3® 5*692 ; heat of combustion 726,990. 
From wobutyl cyanate and potash (Linne- 
mann, Annalen, 162, 23) ; also from wobutyl 
iodide and ammonia (Hughes and Romer, Ber. 7, 
611); also from wobutyl chloride and ammonia 
dissolved in water or wobutyl alcohol. All thr&3 
wobutylaminesare produceef, the triwobutylamsne 
in largest quantity. The?* bases can then be 
separated by means of ethyl oxalate. The 
product is first separated into two fractions, the 
one rich in the monowobutylamine, the other 
rich in the di- and tri- compounds. To the 
former water and then ethyl oxalate are added ; 
the primary base* is thus converted into the 
oxamide C 2 ^ 2 (NHC 4 H 9 ) 2 , which is almost 
insolvjble in boiling water, the secondary 
amine being changed into the ethyl oxamate 
CjHjO-CjOjNlCiHj)*. The other fraction 
(anhydrous) being poured into ethyl oxalate, the 
primary and secondary bases are converted into 
oxamatos. The tertiary base is distilled off, and 
the oxamates are saponified by heating with 
slaked lime. The calcium oxamates oan be 
separated by crystallisation, the diwobutyloxa*- 
matl being the more soluble in alcohol, from 
which it separates in slender silky ^kiCeoles 
(Malbot, Compt. rend. 104, 228). * 

Can be produced by heati|)g wobutyl alcohol 
with ammoniacal zinc chlonde to 2^* (Merz 
and Gasiorowski, Ber. 17, 624), or by the ii^an 
of caustic potash (10 p.o. solution) upon a mil* 
ture of bromine and wovaleramide (^ual 
culesi^t 60® fHofmann, Ber. 16, 769). 

Mixed with water, contraction and davelo^ 
ment of heat ore produced. ^ mixtuii of 
vdumes of water and irobutjiamine has a •p.gr. 
of 0*9002 at 16® /16®, instead of the oalo. d«5»ty 



/P®rkiB, Chem. Soo. Trana. 1889*696). 
With abtolnte alcohol and* the amine 
lesnltp were obtauud, the sp.gr. of a mixture 
^ ftsing 0-791 at 16716®, instead 

of 0-7062, the oidculated number. 

Jc) Secondmry hutylamine 

^ C,H5-CH(NH,)CH5. 

b.p. 63® ; sp.gr. 0*718 at 23® (Mensohutkin, Chem. 
ZentT. 1898,*i.'702)^ Forlned by the actioiL of 
potash upon secondary butyl cyaiyite, or of am- 
monia upon secondary butyl iodide (Hofmann, 

if**' Also by the action of dilute sul- 

phuric acid upon secondary butyl mustard oil 
(Reymanh, Ber. 7, 1289). 

the reduction of methyl ethyl ketozime 
divided nickel at 
100 -170 , s^ondary butylamino and di- 
secondary butylamine are produced. They are 
liqui^,*the latter boiling at 132®/768 mm. and 
formmg an oxalate melting at 104® (Mailhe, 
Compt. rend. 1906, 113). ’ 

, Swondary butylamine has been separated 
mto its optical antipodes by Thom^ (Ber. 1903. 
/82); [a]^7-42®at20®. , 

id) Tertiary butylamine (CHa) 3 C-NHa; 
b.p. 46*2 at 760 ram. (Rudnew, Chem. Soc. 
Abstr. 1879, 40, Ulf; 43*8® at 760 mm. : sp, gr. 
0-7137 af 3®, 0-7054 at 8 ®, 0-6931 at 16® (R ). 
Formed in small quantity by the action of 
^tash upon wobutyl cyanate (Linnemann, 
Annalen, 162, 19; Hofmann, Ber. 7, 613). Also 
as a by-proddot in preparing trimethyl acetic 
acid from trimethyl carbinol iodide and mercuric 
cyanide (Rudnew). 

2 . Dlbutylamines. 

(а) Di-normal butylamine 

(CHa-CHa-CHa-CHalaNH; j 

b.p. 160®.®* Formed in small quantities by the 
Jbtion of potash upon butyl cyanate (Lieben and 
Rdtei, Annalen, 168, 176) ; also by the action of 
butyl chloride on a&monia (Berg, Ann. Chim 
Phys. [7], 3, 294). Gives [(C^H.ljNH-HaiaPtCl*,- 
yellow needles, almost insoluble in cold 
water. 

( б ) Di-i80-buty\^amine 

[(CH8)3CH-CK3] NH; 

b.». 136®-137®; sp.gr. 0-7677 at 4 ®/ 4 ®, 0-7491 at 
15716®, 0-7425 at 26®/26® (Perkin, Chem. Soc. 
Trans. 18|S9, 697). From t^obutyl bromi^ and 
alcoholic Ammonia at 160® (Ladenburg, Ber. 12 , 
949); also from tsobutyl alcohol and ammoniacal 
.zinc chloride at 270® (Merz and Gasiorowski, Ber. 

17, a27).* The hydrochloride (C 4 Hj),NH-HCI 
forms plates or leaflets easily soluble in alcohol 
and water, slightly in ether. The platinum com- 
pound forms dark-red prisms, soluble in water, 
alcohol, and ether (M^bot, Compt. rend. J04, 
366). Sh# nitwBO- derivative (^Hg)gN’JSu is 
; ysa^«e#bJv smelling oil; m.p. 0 ®; b.p. I 
213 -31)1? (with decomposition) ; obtained by the 
aoticm of potassium nitrite upon the hydro- 
chloride (Ladenburg, Ber. 12 , 949 ). 

^ (c) Di'Uftiary butylamine 
•• ♦ [( 0 H,),Cri.NH, 

pr^uqied as iodide when tertiary butyl^iodide 
afld teetliiry hutylamiae are healbd to 66 ®; at 
7Q t|^ dsoomposed, forming iso- 

omWm and tertiary butylammonium mdide 
(Ktidnew). The iodicfc is easily soluble in water 
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3. Tributyhuniins. 

at 20 , p-7677 at 40®. l^om butyl sgranate anc 


or alcohol; on nesting thef aqueous solution 
eyolves tertiary butylamine. 

3. Mutylamiim. _ 

"jb,p. 

..7782 

x"’ iT •, ^ Sfanate and 
potash, together with % mono- and di- com- 
pounds (Lieben and Rossi, Annalen, 166, 116). 
With butyl iodide forms iodide of tetrabutyK 
ammonium N(C 4 Hft)J, which crystallises in 
, small plates (L. and R.). Also by the action <rf 
ammonia on butylchloride ; b.p. 216-6® (Berg 
Ann. Chim. Phys. [ 7 ] 3, 299). 

(b) Tri-i/io-hutylamine (CiHJ.N ; b.p. 
177 -180® (Reimer, Ber. 3, 767) ; 184®-186® 
(Sachtleben, Ber. 11 , 733). Sp.gr. 0-786 at 21® ( 8 .). 

^wobutylamine and isobutyl bromide 
(R.) From the alcohol and ammoniacal zinc 
chloride at 270^" (Merz and Gasiorowski, Ber. 17, 
627); also from ^■ 9 obutyl iodide and aqueous 
ammonia at 160" (Malbot, Compt.rend. 106,674). 

1 8 not miscible with water. Forms salts with by- 
drochloric, nitric, and sulphuric acids, which are 
extremtfly soluble ans crystallise with difficulty. 
The platmum double salt forms large ruby-red 
crystals (Malbot, Comnt. rend. 104, 366). 

Butylenes C 4 H.. Three isomeric butylenes 
are possible and all are known. 

(a)- 6 tt<|//gne. Ethyl ethylene 
CHj-CHj-CHtCH, ; bjp. - 6 ®. 

Forrmtion,—Yrom normal butyl iodide and 
alcoholic potash (Saytzeff, J. pr. Chem. [2] 3 , 
88 ; Grabowsky and SaytzeflL Annalen, 179, 
330). From bromethylene "and zinc-ethyl 
(Wurtz, Annalen, 162, 21 ), together with butyl 
alcohol. From normal butyla min e and nitrous 
^id (V. Meyer, Ber. 10, 136). Prepared by dilut- 
ing on the water-batfl 100 grams normal butyl 
iodide, 200 grams potash,* and 160 grams 
alcohol (90 p.c. ) (I. ). A gas at ordinary tempera- 
tures, which combines readily with hydriodio 
acid to form secondary butyl io^de; and with 
hypochlorous acid to form chloromethylethvl 
carbinol CHj CHz CHpHl-CH.CL .Poss^ over 
copper heated to redness forms butadiene 
CHj ; CH'CH : CHj, which may be polymerised 
to rubber by means of metallic sodium (Eng. Pat 
9722, 1911). . 

2, 0-Butylene, SymTnetrical dimeihyUthy^ 
ewe CHa-CH : CH-CH, ; b.p. 1 ® at 741'4^m! 
(Lieben, Annalen, 160, 108); 8p.gr. 0'636at —13-6 
(Puchot, Bqjl. Soc. chim. 30, 188). 

Formed by the action of potash upon 
seconda^ butyl iodide (Luynes, Anmden, 69 , 
200 ; Liebwi, ibid. 160, 108). Together 
^th wobutyleue by.^dropping iso* or 
butyl alcohol upon strongly heated zinc ohloride 
(Nevole, Bull. Soc. chim. 122 ; Le Bel. Jmd 
Greene, Amer. Chem. J. 2, 23), From ' 

aldehyde (C^iS), and copper (JEJltekfiWt 1 B$f. 

10, 1904). By beating a mixture of 


iodide and allyl iodide with sodiim (Waite. 
Annalen. 144, 236). 

Brepafation»-^/ 8 obutyl alcohol is aOowid to 
drop upon heated zinc chloride, and the wraiyed 
gas is leiamtp sulphuijp aotd dflutod wil^ hell 
its volume of water ; thfi retains thoisobntyiM 
The uimbsorbed gas is led Into brornhse, and || 
again liberated by action oPsodinm (Le Bel and 
Greene, Bull. &>c. chim. 88, 306). Two iteMO- 

arirfeyR 



. #*But;ylene ec&bizies with bromine to form a 
dll?romide boiling a% 156^-168®. This compound, 
the action o{j>otaBh, forms mono«bromo< 
pwudo-butyione CH,*CBr;CH-CH,| b.p. 87®-88® 
(Hdk, Annalen, 250, 230). Chlorine forms a di- 
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chloride,' b^. 112®-114®(OheohoukoT(OSl. Soo' 
chim. 48, 127). ^ • 

8 . y-J5u<y/e»ie. Isobutylene, unsymmetHcd 
ixmihyl ethylene (CH,),C;CH,; b.p. - 6 ® 
(Butlerow, Zeiteoh. Chem. 1870, 236). LiqueHed 
by a pressure of 2-2^ atmospheres at 15°-18®. Is 
, produced by the dry distillation of fats (Faraday 
♦ Pha. Trans. 1826, 440) ; hj heating the vapour 
of fusel oil tb redness (Wurtz, Annalen, 104, 
249), together with ethylene and ethane ; also 
from light petroleum, ’^ligroin’ (b.p. 60®-90“) 
(Pmnier, J. 1873, 347) ; from tso* or tertiary- 
butyl iodide and alcoholic potash (Butlerow, 
Annalen, 144, 19) ; by heating trimethyl oarbinol 
and dilute sulphuric acid (1 vol. H,S 04 to 2 vols. 
water) (Butlerow) ; from wobutyl alcohol and 
zinc chloride, though in very small quantity 
(Nevole, BulL Soo. chim. 24, 122 ). 

Prepar^ion,~(l} 6 pat4 of i^obutyl ‘alcohol, 
6 parts sulphuric acid, 1 part of water and sand 
are heated together (Lermontow, Annalen, 196, 
117)- (2) Puchot’s method (Ann. Chim. Phys. 
[51 28, 508) of heating wobutyl alcohol with a 
mixture of sulphuric i^id, potassium sulphate, 
and OTsum, gives a mixture of pseudo- and iso- 
butylene. (3) A mixture of 2 parts of caustic 
potash and 3 parts of alcohol (90 p.c.) is slowly 
add^ to 2 parts of isobutyl iodide, and 
gently warmed (Butlerow, Zeitsch. f. chem. 1870, 
2381. Butylene is a gas, with unpleasant smell, 
shmtly soluble in water; combines with hydriodio 
acid to form tertiary butyl iodide. A mixture 
of three parts of sulphuric acid and 1 part of 
water completely ^sorbs the gas; on distilling 
the diluted, solution trimet^yl carbinol is 
evolved. It forms a raOrcury compound 
p 4 Hg(HgN 0 j)(Hg.N 0 ,) (Denig^s, Compt. rend. 
126, 1043). Oxidising agents— e.y. potassium 
permnganate— form carbon dioxide, formic and 
acetic acids, and oxalic ao7d (and in the cose of 
chromium trioxide, acetone) (Zeidler, Annalen, 
197, 251). l^Y the action of a mixture of 5 parts 
sulphuric acid and 1 pari of water forms dode- 
cylene (triisobutylene) C,,Hj 4 ; b.p. 177-5®- 
178-5® j ep.gr. 0*774 at 0® (Butlerow, Bet. 6 , 
561). 

BolyleiM alcohol v, Bu^leiu glycols, 

BtttyleiM dlbromldes. 

> 1. Normal butylene dibromidef 
dibrombutane CHs-CHj-CHBrCJH.Br ; b.p. 
10W-168® ; sp.gr. 1-876 a^O® (Wurtz, Annalen, 
152, 23), 1'8603 at 0®, 1-8204 at 20®/0® (Gra- 
bowsky and Saytzefif, Annalen, 179,332). Formed 
from «*butylene and bromine (Wurtz); from 
normal buty bromide and bromine at 160*^ 
(Iiinnemann, Annalen 161, 199). Gives a- 
butylene by action of sodium. 

^ ■ 2. fi-JSutylene dibromidef fiy-dibrom- 
buiane CHi'CHBrCHBrCH^; b.p. 15B®; sp.gr. 
1*821 at 0 ®. Formed from 8 - butylene and bromine 
(Wurtz, Annalen, 144, 2^6), or by^e^*mg a- or 
^•brombtttane with iron and bromine (V. Meyer 
and Muller. J. pr. CSfem. [2] 46, 180). Beoom- 
pOicd by heating %o i4()® with water and 
lead osdde. formiim lead bromide and methyl 
i^yl ketoik jEltefo^ Soo. Abstr. 1879, 


, 3.»Uo*tHgUntdi-^omide, a$-dibro». 

(0Hj,CBr-CH,Br; b.p. 1 «°- 
149 at 737 mm. j sp.® 1-798 at 14° (Unne- 
mafln, Annalen, 1 « 2 , 36),®|.p. U 9 - 6 ° ^.) 
(Thoipe , sp.gr. I -7434 15°/18° (Perkin). From 
JM-butylene and bromine (h": also Wurtz 
^den, 104, 249 ; HeU and Rothberg, Bert 221 
1737). By heating with water to 160® wo- 
butyraWehydo and wobutylene glycol are formed. 

4. T etrarnethy^enedibrenide, aS-di- 
®*Br-CH.-Cm-CH,-Br; boils at 

188 -190 (Gustavson and Demjanoff, J. pr. 
Chem. [ 2 ] 39, 543). (See also Hainsoourt, Compt. 
rend. 132, 345,) ^ 

5. ^^.Dibrombutane CHg-CBra'CHj-CH. : 
boils at 144 -146® (Wislicenus and Holz, Anna- 
Icn, 250, 232). 

0. ay- D ibromhut a 7ie 

(UlgBrCHg'CH.BrCH.; 

1894 963)’*°’”“° 

J Butylene cyanide. 

[ Isobutylene dicyanide r^(dimelhyl- sued- 
\nonttrtle) CN>C{CU,), CE,m; b.p. 218®-220® 

By treating an aqupous alcoholic solution of 
potassium cyanide with 7 -butylene bromide, and ' 
allowing the mixt.ure to stand for a fortnight. 
A colourless oil, moderately soluble in water. 
Heated to 150® with strong hydrochloric acid, it 
IS decomposed into ammonia and dimetbylsuo- 
cmio acid (Hell and Rothberg, Ber. 22, 17.37). 

Butylene glycolchlorhydrln, jS-chloroiiobutyl- 
alcohol {CH,),-CXa-CHjOHj b.p, 137. From 
Mobutylene and h 3 rpochlorou 8 acid (Butlerow. 
Annalen, 144, 26). Soluble in large excess of 
lS)6%I67^ also Michael and Leighton (Ber. 

^-Cbloroisobutyl alcohol is also formed by the 
union of hydrogen chloride with wobutylene 
oxide, which results from the action of dry 
powdered potassium hydroxide on chlor^ 
trimethyl oarbinol. The last may be prepaS^ 
from magnesium methyl biSimide, ohloroacetone 
and ethyl chloroacetate. jS-chlorowobutyl 
alcohol boils at 132®— 133®. It )orms a nitrate 
by the action of concentrated sulphuric and 
S(Me),Cl.CHgJIO„ antf a nitrite 
C(Me) 2 Cl-CH 2 N 02 with nitrous acid, which 
distinguishes it fJ-orn the isomerio ohlorotri- 
meth^ carbinol (L. Henry, Compt. rend. 1906, 
142, ^3). 

Butylene diamines. 

1 . Tetramethylenediamine (pulrescine), 
a3-diaminobutane NHj-CH,-CH,-CHa-CH,*NHto 
occurs in urine and fseoes in oases of oystmuria, • 
and also arises during the putrefaction of her- 
rings. It is prepared by reducing an alcoholic 
solution of dicyanoethylene with sodium (liaden- 
I bur^ Ber. 1886, 780; Lellmann and Winthaar. 
Ani^ien, 228, 229 ) ; or in a similar m«.nn^ 
suocinaldehyde dioxime (Ciamioian and BancttL 
Ber. 1889, 22 , 1968, 1970). Colourless ciorystids 
melting at 27*-28* ((5.Z.)and boiling at 168*-180*, 
Smells like piperidine. It is strongly 
readily absorbs CO,, and forms a w^^efined 
dihydroohloride, aurichloride, and platmichloridfe 
The piorolonate is of some physiologiiyd impost* 
anoe (©tori, q^em. Soa Abstr. 1906, ii. 126^ 
Willst&tter and Heubner have pnmaced ttfb 
tefo^amet^l derivative oi t-^nu&eth^M dla- 

n^e, and the biquaternaiy hettsaethylammo- 

mum salt corresponding to it (Ber. 1907, 8871, 
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8874). Th« identity of aS*diaminof)uta|e 
with pntresoine rests on the experiments of 
Udr^zky and ^umann (Ber. 1888* 2938). 
Bri<^r (Uhem. Z|ntr. 1907, i. 1703) considers 
the idenftty not proven, as also do Willstatter 
and Heubner (^c. ). 

Dimeihylethylenediaminet fiy-dia- 
mitchiUane CHa-CHNHa-CHNHj-CHj, has been 
prepared by Angeli (Ber. 1890, 1358). 

/ao-Butytetetio acid v.’ Capeoic acid. , 

Butyl chloral v, (.^obal. 

Butyl-lactlnic acid v. Hydeoxy butyric acid3. 

Butylene glycols. 

1. N ormal-{a)-hutylene gdycol, a^-di- 
hydroxyhutane CHa-CHj CHOH CfLOH ; b.p. 
191°-192® at 747-1 mm. ; sp.gr. 1-0189 at 0"/0°, 
1-0059 at 17-5/0®. From normal butylene di- 
bromide (Savtzeff and Grabowaky, Annalen, 179, 
332). 

2. f^Butylene glycol, ay-dthydroxyhulane 
CH,-CH(OHJ-CHa-Cir,OH; b.p. 203-5®-204®(Ke. 
kul5, Annalen, 102, 310); s^.gr. 1*02.59 (Wurtz, I 
J. 1873, 474; Bull. Soo. chim. 41, 302). Pro- 
duced in small quantity by the reduction of dilute 
aqueous solution of aldehyde by sodium-amalgam 
(K.). Prepared from j8-oxybutyric aldehyde by 
reduction with sodium amalgp-m (W.). 

3. Isobutylene glycol, a^-dihydroxy-oL 
methylprfipane (CHg) 2 C( 0 H) GH 20 H ; b.p. 176®- 
178®; sp.gr. 1-0129 at 0®, 1-003 at 20®. Pro- 
duced by the fermentation of sugar in presence 
of tartaric acid (Henninger and Sanson, Compt. 
rend. 106, 208). Formed by heating tsobutylene 
bromide with potassium carbonate and water 
(Nevole, Bull. Soc. chim. 27, 63) ; also by oxida- 
tion of isobutylene by means of potassium per- 
manganate in neutral aqueous solution (Wagner, 
Ber. 21, 1232). 

‘4. Symmetrical dimethylethylene gly- 
col, fiyMydroxybutane GHj-CHOH-CHOIl-CH^; 
D.p. 183®-184®. Formed by heating for 6 or 7 
hmirs 1 vol. of symmetrical dime^ylethyleno 
oxide CiHgO with 3 vola. of water to 100® 
(Eltekow, Chem. Soo. Abstr. 1883, 666). 

5. Tttr am ethylene glycol, a^-dthydrozy^ 
butane OH-(CH,) 4 -OH ; boUs at 203®-205® ; sp.gr. 
1-0111 (Dekkers, C^m. Soc. Abstr., 1891, 164). 

6. A-hutylene glycol, differing from the 

above, boiling at 183®-184®* has also been pre- 
pared by Wurtz (Ann. Chim. Phys. [3] 66, 452) ; 
sp.g?-, 1-048 at 0®. • 

7. a-Methyl propanediol 

OH-CH,-CH(CH,)-CHaOH 
(Henry, Bull. Soc. chim. [3] 13, 1002 Cesaro, 
Chem. Ztntf. 1897, ii. 179). 

Butytoflg dhodide, ay diiodobutane 


b.p. 51®-62® i sp.gr. 0-8311 at I**. From theohlor* 
hydrin CiHiCIOt and pota^ (Eltekow, Chem. 
Soc. Abstr. 1883, 666). 

2. i‘Dir^ethylethylene oxide 

*•1 


CH,-( 




CH3 


CH.-CHI-CHj-CH,!; 

8p,CT. 2-291. lYom /8-butylene glycol and 
hgdriodio acid (Wurtz, Bull. Soo. chim. 41,^62). 

Isomtyloni dinitrlto Br treat- / Annalen, 205, 2; Pinner, Ber! 6, 699: Pot^, 

^concentrated nitric Mouatsb. 2, 6l4 ; 4, 661), or by distillinit OtldAm 
m' ?u ® ' formate with calcium iaobutyrate 


b.p. 66®- 57®; sp.gr. 0-8344 at 0®. Formed from 
the chlorhydrin (prepared from the symmetrical 
dimethyethylene and hypoohlorous acid) and 
potash ( Eltekow, Chem. Soo. Abstr. 1883, 666). 

BUTYRALDEHYDE. Butyric aldehyde C^B.^0. 
This compound exists in two isomeric forms, 
termed normal and wobutyrio aldehyde respec- 
tively. 

Normal butyraldehyde CHj-(CH,).pCHO is 
formed together with acetaldehyde and propal- 
dehyde by the action of chromic acid upon 
flbrin, casein, and albumen “(Guckelberger, 
Annalen, 64, 39). It is readily prepared by dis- 
tilling a mixture of calcium formate (2 mols . ) and 
* calcium butyrate (1 moi.) m quantities of 60 
grams gt a time wit^ ‘twice the weight of iron 
filings. The distillate is fractionated, the 
fraction 70®-110® treated with sodium hydrogen 
sulphite (bisulphite), then shaken with ether to 
extract impurities, and finally distilled with 
excess of soda (Lipp, Annalen, 211, 356 ; Linne- 
mann, ibid. 161, 188 ; lUhn, Ber. 1885, 
3364). Bodroux has applied Grimard’s reagent 
to a solution of orthoformio and acetaldehyde, 
thereby obtaining a 76 p.c. yield of butyralde- 
hyde (Chem. Zentr. 1904, i. 1087). 

Properties.— ’Normal butyraldehyde is a 
liquid which boils at 73®-74® (Lipp, at 73*-77®j 
and has a sp.gr. 0-8170 at 2074® (Briihl,4An. 
nalen, 203, 18). It^s soluble in 27 parts of water. 
With sodium hydrogen sulphite (bisulphite) it 
unites, yielding a crystalline compound (Justin, 
Ber. 1884, 260^. t When treated with aqueous 
ammonia at 0®, it yields butyraldehyde-am- 
monia C4HiiN0,3iH,0, which crystallises in 
acute rhombic tetrahedra and melts at 30®-^ 1® 
(Guokelberger). If, however, alcoholic ammonia 
and the aldehyde are allowed to stand for a 
month, and then heated for a day at 100®, oon> 
densation occurs, and, ^fter removal of ammonia, 
alcohol and unattacked butyraldehyde by dis- 
tillation, two bases, tetrabutyraldine and di< 
butyraldine CsHi^NO can l>e separated by 
fractional precipitation with piatinio chloride. 
The latter ^nly can be crystallised, and when 
heated is converted into paraconine and 

water (Schi^ Annalen, 167, 862). The triohlo* 
jobutyraldeflyde (butylcUoral) and its hy<jmte 
have been prepared by Pinner (Annalen, 179^)* 
/sobutyraldebyde (CH|),CH-CH0 can be pre- 
pared by the oxidation of wobutyl alcohol with 
potassium diohromato and sulphuric add 


Beilstein and Kurbatow (Ber. 14 
treating the petroleum of Tiflis (b.p. 
^ It formed 

needles wLoh melted at 96< They were insoluble 
m ^ten but soluble in alcohol ahd ether 

BBtsaM«*14)nO.H,0. 


; 1 tsobutylene oxide (CHj),Cr'— 




soluble in hlodM 

The boilii^-point is 63®-^* at 
Aiu!h%, m, 18), end iho 
8n.gr. 0-7W8 at 20^/4® (4^), 0*79732 at 16® 
(Perkin, Chey. Soo. TraJm. 1884, 4761 €o<i- 


and el 
757 mm; 
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fowi of tilit ad^ are known, normal butyric 

and iwbttfyrio aoid . » 

Normal butyric acid CH,*CH, CH, COOH 
Occurrence.-*-!!! ordinary butter in combina* 
tion with glycerol to the extent oi^^. ; also 
in the frtdtfi of Heradeum vtUosum (fiMh) and of 
Peucedanum scrf»igf»^(Benth. Cl. Hoot, /.) as 
hexyl butyrate and octyl butyrate respectively ; 
in the oil of Eucalyptus Pjerriniana as n-butyl 
butyrate (Smith, J. Roy. Soo. New South Wales, 
1914, 48, 464). Butyric acid is also found in 
flesh juice, and is frequently a constituent of 
decomposing organic matter (y. art. Fbbmbnta- 
TIOK) (J. 1857, 363, 402, 403, 659; 1868, 231; 
1859, 363, 364 ; 1861, 464 ; 1866, 311). The 
occurrence of butyric acid in sour milk is treated 
of by Thorpe (Chem. Zentr. 1909, ii. 1774). 
Preparation, — (1) Butyric acid is a frequent 


Tlfl 


this acid among other products on oxidation 
with manganese dioxide and sulphuric acid 
(Guckelberger, Annalen, J4, 68). 

(2) All amylaceous' And saccharine sub- 
stances which yield lactic acid as a product t)f 
their fermentation can undergo a further fer- 
mentation to butjrrio acid, and thi.s fact is made 
use of for the preparation of the acid. 6 kilos, 
of rice or potato staro^ are boiled with 60 litres 
of water for some hours, allowed to cool, and the 
product after 24 hours is* treated with 60 grams 
of malt stirred up with 2 litres of milk, with 1 
kUo. of finely divided flesh, and with 2 kilos, of 
chalk, the chalk being added to neutralise the 
lactic and butyric acids as rapidly as they are 

Z ifA, and the whole is allowed to remain with 
sional stirring for several weeks at a tempe- 
rature of 26*-30®. When the evolution of gas 
has ceased, the pi^duct is heated to 80*, filtered, 
precipitated with sodium carbonate to decompose 
the calcium salt, again filtered, evaporated to a 
small bulk, and treated with sulphuric acid. 
The oily layer of acid so obtained is fractionated 
to free it from the acetic and oaproio acids 
formed simultaneously, 3nd the fraction 165*- 
174* is extracted with water, which dissolves 
the butyric acid but leaves the caproio acid un- 
resolved ; the aqueous extract is then neutral- 
ised with lime, the solution concentrated, and 
the salt finally decomposed by hydrochloric acid 
(GriJlone, Annalen, ife, 127). 

(3) In the presence of a sohijomyoes — ^the 
so-6^ed Bacillus suhtilis^ which can readily be 
^ obtained by stirring bay in water, straining the 
liquor through a sieve, and boilin,%for 6 minutes 
-^tz (Ber. 11, 62) has fqqnd that starch readily 
undergoes fermentation, yielding normal butyric 
acid as chief product. 


j|760 Ihm. (Kahlbaum, Ber. Id, 2480) ; at 162*3' 
I (oorr.),(Linnemann, Annalen, 160, 228 ; Zander, 
ibp. *224, 64) ; 162-02 e(florr.) (Thor^ and 
Rodger); and has a 8p,^0'96704 at 16716' 
(Perkin, Chem. Soo. Trans. 1884, 4831, 0*9690 at 
2074 ® ; juD, 1 '39906 (Soheig, R. 1299, 169). Butyric 
a<jid is inflammable^d bums with a blue flame. 
Alcohol, wood-spirit, and water dissolve it^ all 
proportions, and from the aqueous solution it 
be separated by addition of cftiteium chloride. 
Frolonged l^oiling with nitric acid converts it 
into succinic acid. By the action of calcium 
carbide, dipropyl ketone may be obtained 
(Haehn, Chem. Zentr. 1906, ii. 17), 

Salts. — The metallic salts of normal butyric 
acid are generally solujile in water, and are crys- 
talline. NaB and KB crystalline in indistinct 
cauliflower-lik© groups. AgB* crystallises in 


product of the oxidation of organic substances ; I cauimower-liK© groups. AgB • crystallises in 
casein, fibrin, and albumen, for example, yield monoolmic prisms, and dissolves in 

this acid among other products on oxidation I ^ ^ parts of water at 14* (Linnemflnn and 


Zotift, Annalen, itfi, 177); JO'o parts of water 
dissolve 0‘4J3 part at 16® (Griinzweig, Annalen, 
162, 203). MgBj,5H,0 crystallises in very 
soluble scales (Pelouze and G^lis, Annalen, 47 
249). BaB^,4H20 crystallises in nacreous 

scales, and dissolves' in 2-48 parts of, water at 14* 
(Linnemann anif Zotta).. CaB„HjO crystal, 
iises in rhombic forms; 100 parts of watjpr dissolve 
1 9-4 parts at 0*. (For solubility table, see 
Hechl, Annalen, 213, 72.) Si Bj forms monoclinic 
prisms ; 100 parts of water at 20® dissolve 39-2 
parts of the salt (Griinzweig). ZnB.,,2H.O 
prisms ; 100 parts of water at 
16 dissolve 10-7 parts of the crystallised salt 
(Grtinzweig). PbB, is an oil which slowly 
soMifies (Markownikow, Annalen, 138, 361). 
CuB„H,0 crystallises in triclinio forms (Alth, 
^nalen, 91, 176), and CuB8,2H, (^crystallises 
m monoolinio forms (Pelouze and Gdlis). ^ 
Separation from formic, acetic, and prophnic 
aetda.— Mach and Ported (Chem. Soo. Abstr. 
1890, 1344) give the following method for the 
estimation of butyric acid in 4ihe presence of 
acetic acid (as in wine); 600 c.o. of the solution 
is distilled to a bulk of 126 c.o., diluted to the 
ongmal volume, and again distilled till only 
126 c.o. remains. * This is done four times. The 
total acid in the distillate is estimated by 
titration with soda or baryta. If soda is usd 
the neutralised distillate is evaporated down, 
s^phurio acid is added, and the mixture steam* 

I ^staled. The distillate is neutraHied with - 
baryta and evaporated so far that it will solidify 
when cold. The barium butyrate is then ex- 
tracted with absolute alcohol, and the aqueous 
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. .solutions of the separated salts treated with 

Butyric acid has also been obtained by the •uJphurie acid and steam-distilled, the aoid in 
fermentation of glycerol in 3 p.o. aqueous tb^ distillate being subsequently titrated 
solution with a species of scbizomyces (Fits, / The separation of formio, acetic 

also d^t ISTy 
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various synthetical methods (Frankland and 
Duppa, Annalen, 138, 218 ; Geflther and 
Friuoli^ ibid, 202, 306). (For conditions 
afleotii^ the produotiqn of butyo^aoid by 
fennentation, see Fibiwtitiob’.* 

ProperhM.— Bufyrio acid is a colourless, 
transparent liquid, Having an odour resembling 
that of rancid biitter, and a sour burning taste. 
Cooled to -19® ^t foUdig es, and the crystals 
melt at about —2®. iwHoid bdlls at 101*6® at 


uuu uuityi v acios IS aiso dealt ^with by 
WiJloox (them. Soo. Proo. 1896, 202 ; Luck* 
(Zeitsch. Anal Chem. 10, 186); Haberland 
{tbid. 1899, 217) ; and Muspratt (J. Soo. 
Chem. Ind. 1900, 204). An expression cmi- 
neotmg the percentage of butyric #cid in# an 
aqu^ diat^te with the proportion of the 
distillate to ^he original solution is giveh %v 
Leonard, Smith, and Blolm^d (Aniffy^, 

92). * 

Btttyryl ehloride, obtained by treating 96 
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gtama of butytio with 100 grams of ^hosr, 
phofus triohiuride (Buroker, Ann. Chime Fhys. 
m 2e<^468) ; boils ^ lOOMOl- 6 * (LiimeiAaim) 5 
and has a sp-or. 1*0S77 at 23V4* (Brtihl). 

Batyrkf anhydride, prepared bv the actioniiof 
butyryl chloridr on butyric acid (Linnemann, 
Anndlen, 161, 179), or by the action gf 1 molecule 
of ac,etio anhydride or 2 mola. sodium butyrate 
(MioWl, Chem. £entr. 1901, i. 1088), boils at 
191®-193* (L.0f and has afsp.gr. 0-978 at 12;i5® 
(Gerhardt, Annalen, 87, 166). 

Butyrunlde, formed by heating dry ammo- 
nium butyrate for six hours at 230* (Hofmann, 
Ber. 1882, 982); crystallises in talcles; melts at 
116®; boils at 216® (J. 1866, 616); and is readily 
soluble in water. 

a-Chlorobutyrio acid CHa-CH.-CHCl-COaH 
is a thick liqjiid difficultly soluble in water 
(MarkowTiikow, Annalen, 163, 241). 

i8.Chl9robutyrIc acid CH,-CHC1 CHj-COjH, 
thick liquid (Pinner, Ber. 1879, 2056 ; 1884, 
2008). 

7.Chlorobutyrl3 acid CH,Cl CH, CHa COaH. 
Esters only known (Henry, Chem. Zentr. 1898, 
ii. 273). , - 

' ajS-Dlchlorobutyrie acid 
CH,-CHCl-CHCl-CO*H, melts at 72®-73® (Meli 
kow, Annalen, 234, 201 ; 266, 372). 

/ 37 -DlchIorobutyrio acid 

CH,Cl-CHCl-CH,-COjH; melts at 49®-60® (Us- 
pieau, Compt. rend. 129, 226). 

aajS-triohlorobutyric acid 
CH,-CHCl-CCIt-COaH ; melts at 60® (Kahlbauro 
Ber. 1879, 2337 ; Gargarolli, Annalen, 182, 185). 

ttayTriohlorobutyrlo acid 
CH,a-CH,-CCla-COjH; melts at 73®-76® (Nat- 
terer, Monatsh. 4, 661 ; 6 , 266). 

ai8/9-Trlchlorobutyrlo acid 
CH,-CC1|*CHC1C0,H; melts at 62® (Szenio and 
^ggeseli,%er. 1895, 2666). 

fetraehlorobutyric acid C 4 H 4 CI 4 O 2 ; melts at 
140** (Pelouze and Q^, Arch. Pharm. [3] 10, 
434). 

Bromobntyrio acids have also been obtained 
by Naumann (Annalen, 119, 120), Schneider 
(J. 1861, 468), and Michael and Norton (Amcr. 
(%em. J. 2, 16). (8ft also Cloves, Chem. Zentr. 
1902, 1. 406.) 

/wbutyric acid (CH,)a CH‘COOH. 

Occurrence . — /sobutyrio acid occurs in the 
fruit of ISiliqua dvkie (Griinzweig, Cherai'Soc. 
Trans. 1873, 373), and in arnica root (Arnica 
motUana) (Si^el, Annalen, 170, 348). 

PfeparcUion.—lsohvit^ic acid is most readily 
prepared <fcy* the oxidation- of isobutyl alcohol 
witn a mixture of sulphuric acid and potassium 
diohromate. Pierre and Fuchot (Amu Chim. 
Phys, [4] 28, 366) give the following propor- 
tions : iffobutyl alcohol (300 parts) is mixed with 
wader (y^ parts) and sulphuric acid (540 parts) 
and mi^tha>well-oooled mixture finely powdered 
^tassTum diohromate (400 parts) is gradually 
mtroduoed. An ethereal layer separates, con- 
sisting of Mobutyl iaobutyrate, which is de- 
eomposed ^ allowing 66 parts to fall slowly on 
IBO pku pi oaustio potaw to which one-tenth 
if# we^;htBof water nas been added ; the re- 
acting potessinm ;,aalt is then i^tiUeA with 
dilute and the aqueous acid 

purified By fraotieCi distillation. 

. dynthetkal methods for preparing this acid 
hare been described by Fmnkknd and Puppa 


(Annalen, 138, 337), and MaiXownikow (AsfUb* 
lea* 138, 361). ^ 

Pfoper«e<».-— /sobutyric aoid resembles its 
isomeride in fmpearanoe, but has a less disagree- 
able od(^uryv ft boils at 162® at 760 mm. (Kahl- 
baum, Ber,n 6 . 2480) ; at 163*6®-.163-^® at 750-3 
mm. (Bfiihl, Annalen, 200. 180) ; at I64®--164'2® 
(Zander, ibid. 224, 77) ; T64*0® (corr.) (Thorpe 
and Rodger); sp.gr. U'9661 at 0® (Zander); 

0- 9503 at 20® (Linnemann, Annalen, 162. 9 ). 

It dissolves in five times its volume of water (L.). 
The metallic salts of wobutyrio aoid are more 
soluble in water than those of the normal acid. 
The potassium and sodium saltS^ form cauli- 
flower-like masses. AgB crystallises in cha- 
racteristic tabular forms ; 100 parts of water 
dissolve 0-928 part at 16® (Griinzweig, Annalen, 
162, 210). MgB| forms white scales. 

CaBj|, 5 H 20 forms four-sided monoolinio crys- 
tals ; 100 parts of water at 18® dissolve 36 parts 
of crystallised salt (G.), and the solubility in- 
creases 08 the temperature rises. 8rBj,5H|0; 
100 par^ of water al» 17® dissolve 44*1 parts 
0 ^ the crystallised ‘ salt (G.). BaB 2 ,^HtO 
fonns monocJinio crystals (Fitz, Ber. 1880, 1316). 
ZnB 2 ,HjO ; 100 parts of water at 19-6® ^ssolve 
17-3 parts of the crystallised salt (Griinzweig). 
PbBj crystallises in rhon^io tables and dissolves 
in 11 parts of water at 16r. 

/sobutyryl chloride, prepared by treating 
tsobutyrio acid (12 paHs) with phosphorus tri- 
chloride (7 parts), and subsequently distilling 
(Tonuies and Staub, Ber. 1884,^850); boils si 
91-5®-92-5® at 748-2 mm.; and has a sp-gr. 

1- 0174 at 20®/4® (Brtihl, Annalen, 203, 20). 

/sobutyryl anhyduMe, obtained by boil% 
itfobutyrio acid with wobutyryl chloride for 
12 hours in a reflux apparaW and fraction- 
ating the product (Tonnies and Staub, Ber. 
1884, 850); boils at 181-5® at 734 mm.; and has 
a sp.gr. 0-9574 at 16-5®. 

/^obutyramide, formed by heating dry am- 
monium tsobutyrate at 230® for six hours; melta 
at 128®-! 29® (Hofmarfii, Bor. 1882, 982). 

a Chlorowobutyrlc acid (GH,),CC1-CX)|H ; 
melts at 31® and boils at 1 18® (Henry, Bull Soe. 
ohim. 26, 24 ; Balbianoy Ber, 1878, 1693). 

ai9-Dichloro»>obutyrie aoid 
CH 3 -CH(CH 2 a)-CCl-GO,H (Broohet, Ann. CJhim. 
Phys. [7] 10, 376). 

Trlchlorwbutyric acid C 4 H,a 30 , ; melts at 
60® (Gottlieb, J. pr. Chem. [ 2 ] 12, 1). 

Bromoisobutyrio acids have been prepared by 
Markownikovf^ (Annalen, 153, 229) ; Engdhapi 
(i&id. 200 , 65, 68 ) ; ,£lahour 8 (ibid. SuppllCc:^ 
349, 362). 

Butyric esters. These compounds are for 
the most part prepared by the action of bntyzio 
acid on the corresponding alocffiols ip presenoe, 
of some dehydrating agent such as . 

aoid, the temperature being raised eventtia% 
to complete the reaction. Butyric estem m» 
liquids which dissolve in aloobol and etber In 
all proportions, but are only vevy aparii^ 
soluble mter. Qn eaponifioatlon 
caustic potaih tfeey ySehL tne oorreipondins 
alcohol and potassium butylate. 

Methyl butyrate prepa^ 

larly to the eater, la u Wlourieaa Bauid 
with a pleasant odoue^^nM^Ming that of pm# 
apples. It b^ds at at 7ft mm. 
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pjjnn, Po«|r. Anii.^2] 12. 41 1; and liaa a 8p.«r. ; 
0^194 iil|r/4® {Els&sBer. i^malen. 218 , 814 ). [ 

» prepared by 

adding 1 part by weight of ralphgttio ac^ tp 2 
parte each by wei^t of butyric acid 4b^ aloohed. 
The liquid^^l^omes heated, and the mixture at 
once eeparates intb two layers of which the 

E one consists of ethyl butyrate. To com- 
Ute reaction it is necessary to heat the pro- 
it about 80® for a short time. The upper 
layer is separated, washed with water, (hied 
over calcium chloride, and distilled. The pre- 
swioe of considerable quantities of water docs 
not seem to hinder esierifination (Pelouz© and 
G41i8, Annalen, 47, 260). 

Ethyl butyrate is a colourless liquid having 
an odour like that of pine-apples. It boils at. 
119-9® at 760 mm. (Schumann) ; and has a. 
sp.gr. 0-8996 »iat 0®/4° (Elsasaer), b.p. 120-0®- 
120-6®; sp.gr. 0-8784 20®/4® (Matthews and 
Paville, J. Phys. Chem. 1918, 22, 1). A solution 
of ethyl butyrate is used in perfumery and in 
confectionery under the p%me of pine-apple oil. 

Propyl butyrate boils^at 142-7® at 760 mm. 
(Schumann); and has a sp.gr. 0-8930 at 0®/4® 
(Elsasser). 

/sopropyl butyrate boils at 129® at 765 mm. ;| 
and has a sp.gr. 0-8787 at 0® (Silva, Ber. 1869, 
283), 0-9027 at 0® •(Pribram and Handl, 
Monatsh. 2, 690). ^ 

Butyl butyrate boils at J64-8® (corr.), and 
has a sp.gr. 0-8760 at 12® (Linnemann, Ann- 
alen, 161, 195 ; compare also Lieben and Rossi, 
ibid. 168, 170). ® 

/sobutyl butyrate boils at 166-9® at 760 mm. 
(Schumann); and has a sp.gr. 0-8798 at 0®, 
0-8664 at 16® (Grtinzweig, Annalen, 162, 207). 

/soamyl butyrate boils at 178-6® at 760 mm. 
(Schumann); and has a sp.gr. 0-8823 at 0®/4® 
(Elsasser). . 

The hexyl- and octyl- butyrates occur in the 
oils from the fruits of Herackum giganteum 
(Franchimont and Zinoke, Ber. 4, 824) and 
Pastinaea saliva (Renessg, Annalen, 166, 80) 
respectively. 

Ethereal salts of ijobutyric acid have been 
prepared : 


i MeWl *«obutyrite boils at 92*3® at 760 m.m. 
(^hum^nn); and has a sp.gr. 0-9112 (Els&sser). 

Bthyl wbu^tfl boils atjllO l® at VOCbmm. 
(Schumann) ; its sp.gr. is 0-8903 (Elsfisser). 

ftopyl tsobutyrate bods at 133-9* a^ 700 mm. 
(Schumann ; its sp.gr. is 0-8843 <(Els&8Ber). 

ftfopropyl Isobutyrate boils at 118®-121® at 
727 mm. ; and has a sp.gr. 0-8787 at 0® (Pf ibram 
and Handl). ® ^ 

s/sobutyl ttfobutyrdte boils af 146-6* at 
mm. (Schumann); its sp.gr. at 0® 0-8762 
(Grtinzweig). 

/soamyl wbutyrate boils at 168-8® at 
760 mm. (Schumann) ; and has a sp.gr. 0-8769 
at 0®/4® (Elsasser). 

a-BUTYROBETAINE Betaines. 
BUTYROLACTONE v. Hydroxybxjtybio 

ACIDS. ^ 

BUTYRONE. Dipropyl ketone 
Butyrone is obtained by distilling csaloium 
butyrate, or preferably a mixture of calcium 
butyrate and calcium carbonate (Schmidt, Ber. 

6, 697) ; the crude product dehydrated by 
treatment with calcium chloride, and purified by 
fractional distillation., Butyrone boils at 144 , 
and has sp.gr. 0-8195 at 20®, does not com- ’ 
bine with ammop,ia'or sodium hydrogen sul- 
phite (bisulphite), yields a -mixture of propionic 
and butyric acids on oxidation witlu chromic 
acid, and is converted into a secondaiy alcohol 
CjHijO and butyrone-pinacone Ci 4 HjoGj on 
treatment with sodium amalgam and water 
(Kurtz, Annalen, 161, 205). 

An isomeride di-isopropylketone can be pre- 
pared by distilling calcium wobutyrato (Mimoh, 
Annalen, 180, 327) ; it boils at 124®-126°, has a 
sp.gr. 0-8254 at 17°, and does not combine 
with sodium hydrogen sulphite. 

BUTYRO REFRACTOMETER v, Refraoto- 

METERS. 

BUXIN. An alkaloid obtained from the boiP- 
tTeo{Buxii8 sempertnrens). ^^Hager (Chem. ZeA)r. 
1877, 1 19) found it in beer as an adulterant. It 
-8 said by Walz (N. J. P. 14, 15) to be identicsd 
with bebeerine {q.v.). 

BYN1N. Trade name for ^quid malt ex* 
tract. J, 


CABBAGE, Brassica ohracea, ^This plant 
has been modified by careful selection and 
cultivation so as to produce several apparently 
Very different varieties : (H 

<4. Those which form,#- compact head b^ 
overlapping of the leaves, as in the ordinary 
oabba^. 

2. Those of a straggling, open habit of 
growth, with a branching stem but ho distinct 
‘ heart ’ or head, e.g. thousand-headed kale. 

3. Those in whJoh a dense head of imperfect 
flowers are formed, as cauMower and broccoli. 

4. Those in which the stem is eribrmouslv 

dev^ped so as 4o form a globe, as in kohl- 
rabi !• # 

4. Those in & large number of small 
* heads * are forme <4 on a tall stem — Brussels 
grouts. , * 

Of the eabbage iteelf, wqpe are many 
irarietieili, dilfermg in ^legshape, and colour. 

Xihe aB the membem of me Cimifera^ 
VoL. I— 3r 


c 

cabbages contain sulphur compounds, some of 
which easily undergo decomposition with pro- 
duction of sulphuretted hydrogen. 

The average composition of cabbhg<^, as used 
for cattle food, is, according to Kellner — 

Bol. carbo- 

Water Protein Fat hydrates Fibre Aih 

84-7 2-5 0-7 8-1 2*4 1*6 

whi&t, according to American analj^s, the 
edible portion of culinary cabbages opnmns ; 

Bol. carbohydrates BIbre 

Water Protein Fat •: — — Aih 

90-3 2-1 0-4 5-8 1*4 

Included in the carbohydrates mannitol and 
glucose have boih been detected (Busolt, 4* 
Laudw. 1914, 62, 117). 

Oaii>bage8,,aa a farm crop, respond to libei^ 
manuring, and in inland districts are^benefitfR 
W a smaU dressing of the soi^th common ealt 
They do best, as a ruk, on heavy land, and are 
usually transplanteB from seed-beds. 
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Formentaied cabbie (Bauerkraut) yiejls 
acetic and propionic acids with oocasioi^l traces 
of fsfemio acid tog^er with an inactive fom of 
lactic aojd. Eth^ and propyl alcohols are also 
formed together with small quantities of esters 
(Nflson and B&ck, J. Amer. Chem. Soc. 1918, 40, 

‘^ACAO BUTTER (spelt also Cocoa Butter), 
is expressed from the cacao bean, the seeds of 
the cacao tree, Theohrorka cacao (Linn.). < 

The cacao tree is indigenous to the West 
Indies, but has been introduced into various 
tropical countries, especially Central and South 
America and to the West Coast o'l Africa and the 
islands in the Bay of Benin. It has also been 
introduced into Nigeria, and an inducement has 
been held out by the Government to the Nigerian 
peasants to -^row cacao. As the beans are 
chiefly worked up for the preparation of cacao, 
the butter must be considered, to some 

extent, a by-product of thf chocolate industry. 
For the production of cacao butter, the beans 
are roasted ov6r a coke fire, and the liusks arc 
separated by winnowing. The kernels thus laid 
bore are ground under miCstonea and reduced-to 
a paste, when the bulk of the fat is removed 
by hot expression in hydraulic presses. As the 
fat in the nean has 'undergone slight hydrolysis, 
it is usual to add a carbonate, either of potassium 
or ammonium, to the beans before roasting, 
Hence, in the examination of cacao butter, the 
presence of ammonia or potash soap may be 
expected. ^ 

In Cook’s patent process (U.S. Pat. 1006913, 
1911) the roasted beans are decorticated, and 
then pressed sufficiently to powder the mass, and 
express part of the fat. 

A special form of press for separating the fat 
from t^ beans has boon devised by Hand 
^fEng. P^. 13188, 1915). 

e The average composition of the cacao bean 
is, according to Kotig, as follows : — 


Fat 


Per cent. 
. 49*0 

Water . 


. 5-4 

Proteins 


. 12-8 

Carbohydrate8< 


. 25-7 

Crude nbre 


. 3-71 

Ash 


. 3-41 


The composition of the shell is as folio ws^^ — 

Fat 4*21 

Water IMO 

Proteins .... J3’61 
CaiLobydrates . . . 43 '96 

Crude fibres .... 17'63 

Ash 

100'4J 

• Thfoproportion of fat in the beau varies from 
about 50 tit> 56 p.c. In the production of cacao 
powde^ only a portion of the cacao butter is 
expressed, whereas the beans intended for the 
mann^t^ of best chocolate are not expressed, 
ao thait the full amount of fat is allowed to remain 
fik the ground mass. Manufacturers of cheap 
dhooola^ CBXaove^a portion of the costly cacao 
gutter hj' expression, replacing «t by Imeaper 
Bubstitutw {see Chooolatb fats). The kernels 
contain a small aimrnt of theobromine, a portion 
of which passes into the Qacao butter on ex- 
plDIMian. 


Cacao butter has a yelllSwish-white colour, 
turning white on keqping, an agreeable taste and 
pleasant odour, rec^ng that of dhooolate. At 
the ondinary, temperature, the fat is somewhat 
brittl4 (• appears to consist, to a very laige 
extent^ of oleodistearin and oleodipafinitin. The 
solid acids of cacao butter consist of stearic and 
palmitic acids ; small quantities of araohidic acid 
are stated to occur also amongst the soBii fatty 
acids. ^ 

The proportion of stearic acid in the fat is as 
high as 39-40 p.c. Amongst the liquid fatty 
acids there seem to bo present gbout 6 p.c. of 
acids less saturated than oleic acid, most likely 
Imolic acid. From the iodine value of the cacao 
buttei, viz. 32-42, the conclusion may therefore 
be drawn that it contains not more than about 
30 p.c. of oleic acid. The unsaponifiable matter 
of cacao butter amounts to teSs than 1 p.c. 
MaUhes and Bohdich (Ber. 1908, 41, J9) 
found in the unsaponifiable matter a hydro, 
carbon (most likely identical with amyrilene), 
stigmastciol, and a, phytosterol melting at 
I.IO'". 

In the older literature the statement fre- 
quently occurs that cacao butter does not turn 
rancid. But it is a matter of common ex^ri- 
ence that cacao butter, exposed to light and air 
at the ordinary temperftture, becomes rancid in 
the course of time. •» Equally erroneous is the 
statement that rancid cacao butter is obtained 
from mouldy beans. Most shipments of cacao 
beans become mouldy in triyisit, but as the 
beans in the initial state of manufacture are 
roasted, the mould is destroyed, so that cocao 
butter jircpared front' these beans need not, of 
necessity, readily become rancid. With the 
growth of the consumption) of chocolate and 
cacao, tho trodg in cocao beans has become of 
very gre4t importance. 

Holland is the largest exporter of cacao 
butter, whilst Germany was the largest producer, 
but exports relatively very little. Of late 
years the demand rfor the fat has greatly 
increased, and the price has risen corre* 
spondingly. 

Cacao butter, bei^ very high in price, in 
normal times even higher than cows’ butter, is 
frequently adulterated with, if not Completely 
substituted by, ‘ chocolate fats.’ The adulterants 
formerly employed, such as tallow and paraffin 
wax, are c easily detected, and henoe these 
adulterants have disappeared. The same holds 
good of coco -nut and pahn-nut stearins, which, for 
I jsome time, ^ere largely used to adulterate ^Msao 
I butter. Lafterly, ^ulteration with caoao^dl 
butter has been practised and is still in Vogue ; 
for this purpose, the husks are ground and again 
express^ or even extracted with volatile sdl^ 
vents. As the fat thus obtained yields, lit 
analysis, practically the same obairaetOiwio ! 
numbers as genuine cacao butter itself, tdiemidal 
analysis^ alone is unable to reveal adlull^tion 
with cacao-shell butter. 

Pr^^ucts oommercialJ(y ^own as ^ green 
butter 'Suresmow exWhsivOly used for mixing 
with cacao butter. Theyi consist of a rsoflnna 
vegetable tallow colouredf with chlorc^liyll dr 
with an anilihe ^ye. The adulteration may be 
detected by a modifieatioii of Halnhen*« te«( 
(J. Pharm. ^[9iim. I|^,s28, 345). On acM^ 
bromine to a solution of the fat in cariiioii Mb* 
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ohioriiie, pure cftdtM) butter immediately gives a 
turbidity, in the cas^ of ‘ green'butter ’ the 

Uquid remains q^ear (Bevis and Bolton, Analyst, 
m3, 38, 201). • 

Cacao butter, being chiefly as a 

bv-produdl in the manufacture m cgcoa, is 
ootj^able in large quantities : it is at present 
mainW used in the manufacture of cheaper 
ohoodfete. Smaller quantities are used in 
confectionery, m^pharmaoy for making supposi- 
tories and nitroglycerin tablets, and in the 
* enfleurage ’ process of preparing delicate 
ethereal oils.* J. I,. 

CACHALOT OIL. Oil obtained from the 
blubber of the cachalot. (For its properties and 
composition, v. Fendler, Chem. Zeit. 1005, 29, 
655.) 

CACODYUAGOL. Syn. for guaicol caco- 
dylate. • 

CACODYLIC ACID and CACODYLATES v. 

Absenio, Organic compounds of. 

CADAVERINE v. Putrefaction bases. 

CADE, OIL OF V . Jui^iper. , 

CADIE GUM v. Gums. 

CADINENE V . Terpines, Juniper. 

CADMIUM, {Kadmium, Ger.) Sym. Cd. 
At. wt. 112-3 (Quinn and Hulett) ; 112-42 
(Baxter and Hartmanh) ; 112-32 (I)e Coninck 
and Gerard). . 

Cadmium occurs in small quantities as sul- 
phide in Oreenodkite at Bishopton, Renfrew- 
shire, and in Pennsylvania and Bohemia. This 
is the only ore Containing cadmium as the prin- 
cipal element. Cadmium occurs in small quan- 
tities in nearly all zinc ores, but the percentage 
is considerably lower than that usually stated. 
Jensoh and Klieeipen have shown that the cad- 
mium in zinc ores averages about O’l p.c., 0-6 p.c. 
being only reached in the rich^t samples, though 
occasional specimens are stated to have yielded 
considerably higher values. It occurs also in 
the silicate and carbonate of zinc at Freiberg, 
Derbyshire, and CumberJ[jind, and in most com- 
mercial zinc. 

Pre'paration . — In the reduction of zinc ores, 
the first portions of the distillate consist of a 
mixture of the metals ^ino and cadmium and 
their oxides, but containing a higher percentage 
of cadmium (on aoooimt of its greater volatility) 
than the original ore, and by further similar 
treateient it is still further incresised. When 
sufficiently rich, it is used for the extraction of 
> the cadmmm. At Silesia., the first portion of the 
distillate, which contains from • to 6 p.c, of 
oHUhnium. is mixed with MK)ut onC-fourth of As 
wefght of coal, and distilled at a dull-red heat ,- 
the cadmium then distils with a little zinc, but 
the greater part of the latter metal remains 
The cadmium is purified by fractional 
distillation until a product of 99-6 p.c. or more is 
obtained; it is then oast into small cylinders 
ab^t I inch thick. ^ 

The chief output of cadmium comes from 
Silesia. A little cadmium is recovered in this 
oountiy in the purifioa4k>n of ztyo iMthate, in 
the manu^ctuze of^ithopone, or from baghouse 
dusts as lead smeltyrs. Another source which 
mty beomne importiint in vie^ of the increasing 
numW of eleotrotyiio sine p]iiD#i is the precipi- 
tate obtained in puritytn^ the elMtnd^ prior 
to djBjjoiition of the mne^ as weff as tne anode 


|iud.* Flue dust from brass works contains as 
much ye 2-^ p.c. of cadmium. The Supply can 
easily bo increased to m^t any leasanable 
demanrL • 

Various wet methods for the eiftraotion of 
the cadmium from the concentrated fluq dust 
hare been proposed and tried. Some of these 
are dependent on the precipitation of cadiaium 
from acid solutions by means df jino ; others on 
tl)p solubility of zido in neutr{Cl ammonium 
carbonate. • 

Electrolytic methods for the refining of 
cadmium are employed, the cadmium being 
deposited on •platinum electrodes and distilled 
in vacuo. 

Properties . — Cadmium is a white metal with 
a tinge of blue, of strong lustre, and capable of 
taking a high polish. It pro^ces a metallic 
streak on i)aper like lead, but less wadUy. 
Cadmium is compact in texture and oi fibrous 
fracture, harder ayd more tenacious than tin; 
it may be drawn into thin wire ot hammered 
into leaves, but when heated to 80® it becomes 
brittle, and may be powdered in a mortar. On 
account of its crystalline structure, it crackles, 
like tin, when bent.. 

By distillatiorvin a current of hydrogen, cad- 
mium may be produced in Aguiar octahedra and 
other forms of the cubic system. • 

Cadmium melts at 321-7° (Holbom and Day) ; 
320-9® (Holbom and Henning), and boils at 
705-9® under a pressure of 700 mm. (Heycock and 
Laraplough). Its vapour density at 1040® is 
3-94 referred to air, or 50-3 referred to hydrogen. 
Hence it appears that the molecule of cadmium 
contains but one atom at that temperature, 
whilst further the values for the latent heat 
of vaporisation (calculated from the vapour 
pressure) indicate similar moleoul^ states in 
liquid and gas (Traubo). It is Stained jp. 
colloidal solution by electric sparking witj^ a 
cadmium cathode in wate®, 

According to Demarcay, it emits vapours 
wmen heated below the melting-point (Compt. 
rend. 95, 183). When heated* in air, it bums 
readily, evolving brown fumes of the oxide. 
Cadmium dissolves in hydrochloric and sul- 
phuric acids with evolution of hydrogen. It is 
readily attacked Iby nitric acid. Tt combines 
, direwy with chlorine, bromine, and iodine when 
' placOT in solutions of those elements. Cad- 
mium gives a brilliant spectrum of red, green, 
and blue lines, and its use has been ingested 
as a convenient standard in refraotometry 
I (LowTy). • • 

The salts of cadmium, as a rule, are but 
I slightly dissociated in solution — this is especially 
so in the case of the iodide — and are hence 
liaise to be incompletely precipitated by 
reagents. • 

Detection . — All compounds o4 oadmiuin, 
when heated on charcoal in the ^reducing 
flame, give a brown incrustation. SulphurettM 
hydrogen produces a yellow precipitate in ac^ 
solutions, soluble in strong hydiwhlorio acid, 
insoluble in alkaline sulphides ; it is thus dft- 
tinguished from antimony and arsenic. 

Cadmium may be preoipita^ 
as carbonate and weighed as oxiSaf Ow&, 
however, to the reaction ^the oidde and iSb 
great volatility of the metal, if filter pe^iB m 
employed, the results m low, even wbsn camlu^ 
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tl4 

preoftu^iTs are taken. A Goooh oruoifcfie ai||4 
usbestos filter ahould therefore be ei^ployetL 
CSadi^um may alsOLhie estimated by pr©oil)it%tion 
from a neutral Boluwon by exoesa of diammomum 
phosphatef and, after standing some time, 
collecting the precipitate on a weighed filter 
pape^, dried at 106® (Page and Miller). « 

^Eleotrolytio methods of estimation have also 
been found to be suitable and to yield accurate 
results. A ej^anide solution with an E.M.F. of 
3 to 3-6 volts and a current of,, 0*02 to 0*06 
ampere, is a convenient arrangement (Rim- 
bacn). 

To separate it from other metals not pr^ipit- 
able by sulphuretted hydrogen in acid solution, it 
is precipitated as sulphide by that gas, washed, 
dissolved in nitric acid, and precipitated with 
sodium carbonate. 

Alloys of cadmium. The addition of cad- 
mium t© metals usually increases their fusibility 
without destroying their malleability. 

The alloys with gold and copper are brittle; 
the others are cisually ductile and malleable. 
With gold, a crystalline brittle silvery alloy, 
corresponding with AuC<^ has been prepared, 
and the existence of a compound, AuiCd,, 
is also indicated. Alloys, epntaining between 
61 and 63 p.c. of sadmium, are very brittle. 
With platinum, a white crystalline compound 
appears to exist ; and with copper compounds 
CujCd and CugCd,, are indicated. The alloys 
rich in cadmium are steel-grey and soft, but 
become harder and more brittle with increase of 
copper up to 26 '6 p.c., when the hardness again 
decreases and the yellow colour of copper 
appears. Researches liy Rose on alloys of silver 
and cadmium indicate the existence of the com- 
pounds AgCd,, AgjCdj, AgCkl, AggCdg, AggCd, 
and Ag 4 Cd. Alloys containing over 80 p.c. 
wlver are%niform and homogeneous, and well 
Sited as material for trial plates for silver 
co&age and ware, which the silver-copper 
alloy is not quite satisfactory. With sodium 
a compound, C!djNa, has been prepared, and 
compounds OdMg and CdMgi are indicated in 
tlio alloys with magnesium. The addition of 
\ p.c. cadmium to jino increases the bieaking 
strain, but more than i p.c. has the opposite 
edect. The amalgam, wifh mercury, was 
formerly used in dentistry, but its use has been 
dl^ontinued, as it produces disoolouratSon of 
the dentine. Multiple alloys, containing bis- 
muth, frequently melt below 100®, and are used 
as fusible alloys: for these and other alloys con- 
taining bismuth and cadmium, v. Alloy s oj 
art. JJismuth. The metal is occasion- 
my us^' as a substitute for tin in solder, 
sj' CaWum oxide CdO is prepared by heating 
the carbonate, in which case it is of a pale-brown 
eojjour ; or by jigniting the hitmte, Ti^hen it is 
much and fooms minute crystals. By 

heating «ioadinium in a current of oxygen, the 
olcide may condensed in octahedral crystals ; 
at loW; temperatures, some peroxide is also 
f^e4 (Manohot). dadmium oxide is infusible, 
HisblublO in wat^, soluble in lacida ' It con- 
.brown deposit found in tho con- 
the |£y^tiUation of zinc.* '' ' ^ 
tttiMlfdo 0d|O appears to be 
Teamed in amall qi^aitity when cadmium oxalate 
isd^ted in a stream of carbon dioxide (Tanatafy 
, aidiiwJh, onoigi Chem, |W, 27, 433), or when 


cadmium oxide is heated witlj carboa monodde 
(Brislee, Chem. Soo.^ Trans. 1908, 93, 168), or 
by dehydrating cadffilous , hydroxide, obtained 
by the action, m water on the product formed by 
fusing^cadlaium chloride with cadmium (Motwe 
and JonVAmcr. Chem. J, 1890, 18f 488). 
DenhaSi, Chem. Soc. Traiis.r 1919, 656. 

Cadmium chloride CdCl, is prepared W 
evaporating the solution of the metal oxide 
in hydrochloric acid. It melts, below a red heat 
and sublimes at a higher temperature, con- 
densing in micaceous plates. 

Cadmium Iodide Cdlj is obtained by digesting 
J part of the metal with 2 parts of iodine in 
water £i|pd evaporating the solution. It crystal- 
lises in large transparent tablets, soluble in 
water and alcohol. It is used in medicine and, 
on account of its stability and Solubility in 
alcohol, for iodising collodion plates in photo- 
graphy. 

Cadmium sulphide. Cadmium yellow ^ JauM 
hriUant. This pigment may be produced by the 
addition of sulphuretted hydrogen or an alkaline 
sulphid'.. to a solution h( a cadmium salt. It mty 
also be prepared by heating a mixture of cad- 
mium oxide and excess of sulphur, but that pro- 
duced by the former method is of a finer colour 
and has greater covering power. It may also be 
formed by the action oh hydrogen sulpiride on 
cadmium vapour. The various hues of different 
preparations depend on whether the substance 
is crystalline or amorphous, and on the size and 
nature of the surface of the grains. 

It is an orange- or lemon-yeWow powder, but 
may be obtained in prismatic crystals of sp.gr. 

I ’82. When heated to redness, it becomes first 
brown, then carmihe ; it melts at a bright-red 
heat, and solidifies, on cooling, in laminse of the 
original colour. 

It is a veryj brilliant permanent colour. 
According to Jacquet, it is acted upon by light 
and by chlorine. It is much used as an ml 
and water colour, for colouring certain toilet 
soaps, for the production of a blue flame in 
pyrotechny, and in calico printing. The chief 
adulterants are coi^ounds of zinc. Aocordh^ 
to Buchner (Chem, 2fentr. 16, 329), two modifica- 
tions exist; (1) the a»variety, precipitated by 
hydrogen sulphide in faintly 8wid solution;^ it 
is lemon-yellow, and possesses good covering 
power, n^en lieated, it darkens temporarily 
to violet-re^ but no permanent change poours 
unleM the temperature is high enough to produw 
oxidation. (2) The jS-variety, produced in 
strongly aci^' solution ; it resemblw red ieo^ 
possesses good covering power, and is orduuflliy 
quite permanent ; if heated, it ehaii|[es to 
a*variety. Various shades are obtainable 
mixture. The sulphide can also be obtained m 
colloidal solution. 

Schmid (DingL poly. J. 241, 149), prepares^ 
steam yellow for calico-printing os foDowai*^ 
parts wheaten starch and 40 jparts huMt , 
are boiled in 1000 ports of water mAwM 
while hot with 360 ports of siidium thkMp»tp» 
To thet^ wM soludfl^ 350 parti of 
powdered cocRnium nitrate^^ added with «on* 
stant stirring until diiS(lve<L This 
does not reaotein the ookh and may be 
to the fabric steamed, i 
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'4oliilHe aalt preMiMi by disaolvi:^ the oxide or ctirrexfb of dry hydrogen (Graebe and Eokhardt). 
OftrbOQftto in smj^ario aci^ It is used to some a morv rapid method, giving a better yield, is 
eactent in medicine in place of zinc sulphate, stated to be the reduction calcium ; 3 §rams 
especially on the Continent. It i» also used in of this metal in small pieow with 12 grams of 
the omistruotion of the Weston cell asla gtAndard csssium chloride are heated in a wide inverted 
Of E.M.B'. '•The cell is usually made m t^e form Y-tube, the vertical limb being conneoted^^ to a 
of an H. One of «thp limbs contains mercury, Spiengel pump. Reduction occurs at about 
covered by a paste of cadmium and mercurous 400®, and the ceesium volatilises and condenses 
sttlphti^s. The other contains cadmium amal- in the vertical tube. It resemUleg rubidium and 

n , Above botii, to nearly the top of the potassium in appearrfhce, being silvery white, 
s, which are ciosed by cork and wax, is a and soft at ordinary temperatures. It quickly 
^tufated solution, with crystals of cadmium oxidises in air, and decomposes water at —116* 
snlphate. Tlg’ough the glass of the lower limbs, with ignition of the liberated hydrogen at higher 
platinum wires pass. The cell has an E.M.F. temperatures.* Its sp.gr. at 15® is 1*88, 1’9020 
of lOlO volts at 1|)®-18°, and has the advantage (Hackspill, Corapt. rend. 1911, 162), its melting- 
of a very low temperature coefficient. point is 26®-27“ (Setterberg) ; 28‘46® (Rengade, 

Forms a double salt with ammonium sulphate Con^t. rend. 1913, 166, 1897). 
CdS 04 (NH 4 )«S 046 Hj 0 . A salt of the composi- The coefficient of expansioi^ of the solid 
tion 2 CdS 04 (IIH 4 ), SO 4 , hygroscopic, microscopic metal is 0 000291, of the liquid metal 0*000346 
crystals, yellow when hot, white when cold, of between 28° and 60° (HaclMpill, l.c,). iBpeoific 
sp.gf^ 3’U at 22° is also known (Veres, Compt. heat (solid) 0 *0522 jf- 0*000 137* ; liquid 0*0004- 
rend. 1914, 16i, 39). 0*000034* ; heat of fusion 3*766 ; ratio of atomic 

Cadmium nitrate 0 d(]yQ 3 ) 2 , 4 H |0 is prepared heat of fusion to abs. m.p. — r(^ (Rengade). 
by dissolving the oxide oi* carbonate ih nitric Ccesium is the most electro-positive of all the 
acid. It crystallises in deliquescent fibrous elements. Its salts £pe stable, and have a strong 
needles, soluble in alcohol. tendency to form double salts. The salts are 

Cadmium salicylate is prepared from the acid isomorphous with those of potassium and 
and oxide or carbonate. It is readily soluble in rubidium, and impart a ifiore reddish tinge to 
alcohol, ether, or gl^erol, and is used in the bunsen fiamo than salts of those metals, 
medioiae as an external autisoptic. The hydroxide CsHO is a greyish-white highly 

C^IUM. Symb. Cs. At. wt. 132*8. deliqiicscont solid, melting below a red heat. 
Cmum was discovered in 1860 by Bunsen and The oxide CsjO is prepared by exposing the 
Kirchhoff, in th^Durkheim water, being the first met&l to insutficient oxygen and* distilling off 
element detectea by means of the spectroscope, excess of ceesium ; a peroxide CsOg is formed by 
It is widely but sparsely distributed, usually heating to 300° in excess of oxygen (Rengade). 
in association with rubidium, as in the kpidolite For its absorption spectrum, see Bevan (Proo. 
from Hebron in Maine, U.S.A., which contains Roy. Soc. 1911, 85, A, 64). 

0*4 p.o. csBsium ^ide and 0*2 p.c. rubidium CAFFEARINE. Found in the mother liquors 
oxide ; in petalite ; in the mo^er liquors of the of caffeine from coffee berries ; is id^tical with 
Nauheim spring, and in tHe ash of seaweed, trigonelline {q.v.) (Gorter, Annalen, 1910, 37^ 
tobacco, tea, and other plant/S. Setterberg 237). ^ 

(AunaJen, 210 , 100 ) describes a method for the CAFFEINE AND THE ALKALOIDS OF 

separation of csssium and rubidium from the T]p|A, COFFEE, AND COCOA. The chief alka- 
alums obtained as a by-product in the manu- loids of practical importance in this series are 
faoture of lithia from lepidolite. For observa- caffeine GgHi^OgNi, tlieobroffline C 7 HgOjN 4 , 
tions on the solubilities of caesium alum, see and theophylline C 7 Hg 03 N 4 . Adenine ^HjNi 
Hart and Huselton (J. Amer. Chem. Soc. 1914, xanthine U 5 H 40 ,N 4 , and hypoxanthineC 5 H 40 N 4 
36, 2082). For details of the method of separa- have also been foupd in tea in small amounts, 
tion of oeraium and rubidium by fractional These alkaloids arc all derived from a 

orystallisarion of the aluminium and iron alums, parent substance purine C 4 H 4 N 4 , which has 
see BrOwnij^ and Spencer (Amer, J. Sci. 1916, not oeen found occurring naturally, but was 
42, 279). Cfflsium and rubidium elUorides are synthesised by Fischer (Ber. 1898, 31, 2660). 
also obtained from camallite by repeated Derivatives of purine occur widely ffistributed 
ftiactional eiystallisation. The osssium is sepa- in plants and animals. Of these, uric acid 
ratod from the rubidium by th# addition q| ( 2 : 6 : 8 -trioxypurine) C 1 H 4 OJN 1 *is^ of con- 
anfcony chloride, whkh precipitates only siderable importance, as it is used in the indns- 
the ciesium in the form of the double salt trial manufacture of the alkaloids of this series ; 
ShClj’OCsCl (Fiet and Kubeirseky), guano, in which it occurs in considerable q^uan- 

Cffisium ooouts free from rubidium in the titie^, being the source from which it is obtemeci 
rai© mineral poUucite, from Elba, to the extent of The constitution of these compounds qjpd t^r 
34 p.o. of omium oxide; to the extent of 1*71 relationship to purine and to eaohe omer wffi 
Harts of C 80 sium chloride per million in the water be considered in detail below. • 

oje the Wheal Clifford Mine (Yorke), %pd in the Caffeine Ca^HioOgNi is the principal alkaloid 
miimtul waters of Frt^khausen. of tea and conee and of similar stimulants, such 

OiBsiiUB may be pruned by electrolysis of os kola (West Africa), mat^ or Paraguay 
a lnsed mixture of casilth cyani|e tfj^arts and and guarana (both used in Soutii America), 
birittm cyanide 1 #art, using electrodes of A'v^age samples of tea leaves ooilA frdm 
(ittmaiiikih It is more nadily ob- 2*6 to^ p.c. 9! caffeine, though sCme vaii^bt 

flaied ly h^ t in ytfae nydroxide tffith aluminium may contain as much as 4 ^.o. Cnfflb 
k t n i ckel letort^^d oo^enshtg ^ metal in Jn which o'a^eine occurs pwy fret Vend 
a xaoeiver (Bdkitojfp or & heatkg ^ w potassium Caffeine chlorosenate, 
lilmnAte or iQrdrate wm ma^^De^nm in a tain more than 1*6 p.c. (v* BidL Loap* Timt. 
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1908, 6, 1). Mat6 contains from 1 to 9* p.oa 
guarana paste from 3 to 4 p.o., and kol#. aboin 
3 p.c^ of caffeine. •Only very small alFno^jnts 
occur in cocoa beaAs (Schmidt, Annalen, 1883, 
217, 306). ' 

Caffeine is, obtained industrially almost 
entirdiy from tea dust or damaged tea. The 
mat|irial is ‘ denatured ’ by addition of about 
10 p.o. of slaked lime and 0*1 p.c. of assafcetida. 
The well-m&dd material is then extracted 
either with boiling water or more, usually with 
hot alcohol in a reflux, apparatus. The extrac 
tion is repeated three or four times, the extracts 
combined, and the solvent recovered by dis- 
tillation. The residual liquid is treated with 
-litharge or lead acetate, avoiding excess; the 
precipitate is filtered off, and the filtrate con- 
centrated, wh^n caffeine crystallises out on 
cooling. The product is purified by recrystal 
Using, (jjpoolourising with charcoal, &c., when 
necessaiy, or by sublimation. 

An alternative method sometimes employed 
consists in the Exhaustive percolation of the 
denatured tea by means of hot benzene. The 
concentrated extract is freed from benzene, the 
' residue, consisting of caffeine, together with 
fatty and resinous material, is boiled with 
water and filtered •from insoluble material. 
On concentrating the filtrate caffeine crystal- 
lises out, and may be purified by the methods 
described above. 

Caffeine is also a by-product obtained in the 
manufacture of ‘ caffeine free ’ coffee, and is 
further manufactured synthetically from uric 
acid (see below). For the preparation of small 
quantities of caffeine, 100 grams of tea dust is 
extracted three or four times with boiling water. 
The extracts are combined, 10-16 grams of 
magnesia added, and the mixture taken to 
djyneas. f he residue is transferred to a Sohxlet 
apQjaratus and extracted with chloroform. 
On evaporating off ,the solvent a somewhat 
impure caffeine remains, which may be purified 
by crystallisation from water or by sublimation. 

Caffeine crystallises from water with IHgO, 
from alcohol anhydrous, in long silky needles. 
It loses water at lp0°, and when anhydrous 
melts at 234°-236°. It sublimes readily at 
about 180®. 

One part by weight of caffeine dissolves in 
bo part® ©f alcohol (OO p.c.), 300 parts of Sther, 

9 parts of chloroform, or 80 parts of water at 
about 16®. It is very soluble in hot water 
(1 ; 2), so that a hot concentrated aqueous 
solution dlt Pooling sets to a solid crystalline 
mai|i. Its aqueous solution reacts neutral to 
lltmas. 

Caffeine is a weak base. Its salts are dis- 
sociated on evaporation of their aqueous solu- 
tions, a^ the free base may be obtained from 
aoid . smutions by shaking with chloroform. 
Certain double salts of caffeine are more stable : 
the mercuiiohloride B*HgCl| forms colourless 
needles, m,p. 246® ; the aurichloride B‘HAuCl 4 - 
2H|0, m.p. 243® (248 '5® anhydrous), on warming 

waiAr forms an amorplious yellow preoipi- 
tltH ' auHddoroaffeine ’ C4Ha(AuCl|)0|N4«m.p. 
2^* (Dtntetonand Shephei^, Chen. Sqo. Trans. 

83jlp08)* other caffeine salts, dee 
Nioholm (AnnapK 62, 71) and* Sohinidtl 
{m, 1883, * and Ber. 1881, 14, 813). 

Caffeine citrate, largely used in medicine, is 


obtained by evaporating an aqueous sohiiioii of 
equimolecmar proportions of caffeine and citdc 
aoid to di^ess. If forms a white powder 
easily solubleiin water. Similar compounds are 
oaffein/i eo^o salicylate and benzoate, which are 
also used medicinally. • 

Caffeine dissolves withcwit colouration in 
concentrated sulphuric aoid or cold oonoenlarated 
nitric acid. If to the solution in sulphuric aoid 
a crystal of potassium dichromate be added a 
green colouration is produced. Caffeine, in 
common with the other alkaloids of this group, 
gives the murexide reaction. If ^ small quan* 
tity of the base be moistened with concentrated 
hydrocliloric acid a crystal of potassium chlorate 
added and the mixture evaporated to dryness, 
a reddish-brown residue is obtained, which, on 
moistening with dilute ammonia, gives a fine 
reddish-purple colouration. <* 

Caffeine in dilute acid solution is precipi- 
tated by phosphomolybdio and phosphotungstio 
acids and by potassium bismuth* iooide. With 
tannic acid a preoipjtate is formed, which is 
soluble in excess of tte 'reagent. No precipitate 
IS obtained with Mayer’s reagent or iodine in 
potassium iodide. 

Eutiination. A very large number of pro- 
cesses have been suggested from time to time 
for the estimation of cafibine in tea, coffee, &o., 
and widely divergent ijesults have been obtained 
with methods differing only in minor details. 
This appears to be due, in many cases, to 
unsatisfactory preliminary treatment of the 
material under investigation, fbe caffeine not 
being set free from the complex compounds 
{e.g. caffeine potassium chlorogenate) in which 
it occurs naturally. 

Stahlsohmidt’s process, as piodified by Allen, 
app^rs to give satisfactory results, and is 
carried out as folliws : — 

Six grams of finely-powdered tea are boiled 
under reflux with 500 c.c. of water for 6-^ 
hours. The decoction is then filtered and the 
residue washed with hpt water until the volume 
of the filtrate and washings is 600 o.o. The • 
solution is then heated nearly to boiling, 4 
grams of lead acetate added, and the mixture 
boiled under reflux for ?0 minutes. If the pre- 
cipitate does not coagulate and settle down 
readily more lead acetate is added and the 
boiling repeated. The liquid is filtered, 600 
c.c. evaporated to 40 o.c., and the caffeine 
extracted by shaking with chloroform. On 
evaporating off the solvent caffeine remains 
behmd and i# weighed. Tatlook and Thomson 
(Analyst, 1910, 35, 10^ boil 2 grams of tea ifVth 
800 c.c. of water for one hour, filter and evaporate 
to small bulk. The solution is made aikaiine 
with caustic soda, and the caffeine extraotcKl 
by shaking with chloroform. This method is 
said to give results identical with those obtamed 
by more complicated processes. Other methods 
in use are due to Paul and Oownlw (Pham. J. . 
1887, (in.) 18, 417) ; Dvorkowitioh (Ber. 1891, 
24, 1946) ; Keller (^r. Deni pharm. Qes. 1897, 

7, 105> ^i^^)ww and Ghesnut, J. Amer. Chom. 
Soc. 1919, 41, 11198 ; and the estiination of 
caffeine in coffee a moMoarion of the last 
method by Kate {ibid. 1902, 12* 260). 

Tboobromtii# the 

alkaloid found in ccioa hemk in which if is 
present to tl» extent of about 1^5^4^ 
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It 1^ oooomin |maU quantities in kola n\its residiA is mixed with sand, the material trans* 
and iMvves, in guaraua, and in tea. firred to a Soxhlet, and completely extracted 

For tibe preparation *of theobromine the wit^ ohloroform. On ej^aporation of the 
Goooa beans (dbmmeroially the Jiusks which solvent theobromine remainf, and is dried and 
contain about 0'5-] p.c. of theobiomiiie are weighed. • 

employed)%re freed from fat as far Is’^ssiblo, A method for the estimation^f theobromine 
either by pressure# or#by extraction wifti light denends upon the formation of its perJbdide 
petroleum, the residue mixed with half its C7H802N4,HI,l4. 0*1 gram of the sample 
weight of slaked lime, and the mixture exhausted with an equivalent quantity of sodium acetate, 
by boiling alcohol (80 p.c.). A considerable is dissolved in 2 c.c. glacial ac8t»o aoid, 5 o.o. 
portion of the theobromine separates on cooling, of* hot wate^ are added, and the solution is 
wd is filtered off. The filtrate is then acidified, transferred to a 100 c.c. flask containing 60 o.o. 
Ifche alcohol r^oved by distillation, the residual of iV/lO-iodine solution ; 20 c.c. of saturated 
liquid filterea hot, and the filtrate neutralised, sodium chloride solution and 2 c.c. of cone. 
Theobromine separates as a yollowish-wliite hydrochloric acid are added, and after about 
crystalline powder. The product is purified by 18 hours, the mixture is diluted to 100 c.c., 
crystallisation from boiling water or alcohol, filtered, and the excess of iodine titrated. in 
but best from hot glacial acetic acid. On the an aliquot portion of the filtrate (Emery and 
large scale purification is most readily achieved Spencer, J. Ind. Eng.'-Chem. 19f^, 10, 606). 
by dissolving in alkaline solution and repreoipi- Theophylline C7H8O1N4, isomeric w^h theo- 
tating by addition of acid. bromine, is of much less importance than 

Theobromiie forma a white crystalline theobromine and Caffeine. It was found in 
powder which sublimes unchanged at about small quantity in tea by KosselffZeitsoh. physiol. 
2^", and melts at 329®-aB0°. It is very spar- Chem. 1889, 13, 298), and was obtained from 
ingly soluble in water and most organic solvents, the mother hquors from which caffeine had 
It is soluble in about 20 parts by weight of crystallised out. complete isolation was* 

boiling glacial acetic acid, from which it separates effected as follows : — 

almost completely on cooling. It behaves both The mother liquors we«e diluted with water, 
as a weak base and an#icid. The hydrochloride acidified with dilute sulphuric acid, and filtered 
is crystalling and is obtamed by after standing for some time. The filtrate was 
dissolving theobromine in hot concentrated made alkaline witli ammonia, silver nitrate 
hydrochloric acid * and cooling the solution, added, and the mixture allowed to stand 24 
On drying at 100° the free base is obtained, hours. The precipitate was collected and dis- 
Theobromine dAsolves in dilute nitric acid, and solved in warm dilute nitric acid. On cooling 
treated with silver nitrate slowly forms a com- the silver compounds of adenine and h3rpoxan* 
pound C^HjOjiNiHNOaAgNOs ; if, however, thine crystalli^d out. To the filtrate from 
theobromine be dissolved in dilute ammonia, these ammonia was added, and silver theophyl* 
silver nitrate ac^^ed, and the solution then line was precipitated. The precipitate was 
boiled, a white crystalline precipitate of silver' decomposed by sulphuretted hydrogen, and on 
theobromine C7H708N4Ag'lfiHa0, which is concentrating the mtrate xanthine %nd finalhr 
almost insoluble iu water, is obtained. Theo- theophylline crystallised out. Further quaim- 
hromine also forms a calcium salt, which can be ties were obtained from the mother liquoi* by 
crystallised from water. precipitation with mercunc nitrate and decom* 

Theobromine gives the murexide reaction, position of the mercury precipitate. 

* and is precipitate by the usual alkaloid pro- Theophylline crystamses ^ith IHjO in 

cipitants, with the exception of Mayer’s reagent, thin plates or needles, m.p. 264°. It is sparingly 
The base finds employment in medicine soluble in cold, readily soluble in hot, water or 
chiefly as a diuretic, •and for this purpose alcohol. It behaves as a ^eak base, and yields 
numerous soluble compounds of theobromine salts with acids find derivatives with metals, 
have haen produced. CWef among these may It gives the murexide reaction, and in general is 
be mentioned Diuretm (theobromine sodium very^iimilar to theobromine. It forms soluble 
salioykte), prepared by dissolving^theobromine double salts, of which theosin (sodium theo- 
in the calculated equivalent amount of caustic phyllin® sodium acetate) has been successfully 
soda solution, adding a molecular proportion employed in medicine as a (fiuretic. 
of sodium salicylate and evaporating the Adenine C.HjNi (C-aminopuripei as men* 
soMtion to dryness in ixumo. Uropherin (theto- iioned above, has been found in small quantities 
bromine lithium salicylate), Uropherin^B (theo- in tea. It crystallises with 3HjO, sublimes at 
bromine lithium benzoate), and Barulin (barium 260°, and melts at 360°-366°. It is sparingly 
^eobiomine sodium salicylate), &o., are com* soluble in cold, readily soluble in hot, wa^. 
pounds of the same type. ThI picrolonate, m.p. 266°, crystallisM ijjom 

SMimaUon* The following process, due to water. Adenine has been synthdRsed by 
Bekker (Beo. trav. ohim. 1903, 22, 143), is Fischer (Ber. 1897, 30, 2226), ana by Traube 
^endly employed for the estimation of (Annaleu, 1904, 331, 64). 
theobrmaine in 0000# and similar pAducts (c/. UypoxarUhine C5H4ON4 (6 • oxypurine), 

IMbourdeaux, J. Pharm. Chim. 1917, 16, 306). needles, m.p. 160°, was found in small quantittof 
Ten grams of tii4i*powde|j|d ^^rial is in tea (Kossel, he.). Kruger, however (Zeitsih. 
mixed 6 grams of magqlna and boiled physiol Chem. 1896, 21, 2741 sugg^ ths^t 
under reflux fior on^our with 0.0. of water, was ^duce^ from adenine by the method of 
Thu extract is ^tered off and* the extraction isolation employed. It is a weak noajraoid Mum 
MMaied £(» fiftew minutes witl^ fresh quantity and forms metaUio derivaHses. It if sniitin^ly 
Tiw nitrates are combined andN Muble in cold, rather more readily soluble in 
«ir8|iof«ted to diyneei on the witer-bath. The ] hot, water. 




(2) HC 

(3) 


found 

•imilar properties to ^poxanthine. 

Cefistitution atffi Synthesis o! Caflebie, 
Theobromliv}, and Theophylline. It has been 
mentioned previously that the alkaloids described 
above«»ar© closelj^ related members of a group^of 
bases derived from a parent substance punne, 
which has the aonstitution denoted by the 
formula showu (Fischer, 1898, 31, 2690). 

■ (1) N=CH (6) . ' 

:(i (1(6)-NH(7) 

li_C(4)-N(9)^®^ 

Cafifeine, theobromine, and theophylline are, 
in fact, methylated derivatives of xanthine, 
which itself is 2 : 6-dioxypurine. Theobromine 
and theophylline are dim^hyl xanthines, from 
which c«^eine and trimethyl xanthine may bo 
obtained by methylation. ,Thu8 caffeine is 
formed when silver theobromine is heated with 
methyl iodide (iSrecker, Annalen, J8G1, 118, 
170), by heating potassium theobromine with 
methyl iodide at 100° (E.f Schmidt, Annalen, 
217, 295), or by the action o? dimethyl sulphate 
upon theobromine in alkalme* solution (Ultee, 
Chem. Wkbld, 1910, '7, 32). Tlio silver com- 
|)Ound of theophylline, on treatment with methyl 
iodide, similarly yields caffeine. 

Our knowledge of the constitution of the 
purine derivatives is largely due to the work of 
Fischer. One Cf the most important members 
of the series is uric acid 2:0: 8-trioxypurine, 
which occurs naturally in large quantities in 
guano and serves as a starting-point for the 
synthetic manufacture of the alkaloids under 
consideration. 

The synlhesia of uric acid was accomplished 
bj^ Fischer and Ach (Ber. 1895, 28, 2473). 
Malqnic acid was condensed with urea to form 
malonyl carbamide (!.(', which, by the action of 
nitrous acid, yields an e^onitroso derivative 
violurio acid (II.). On reduction uramil (III.) is 
obtained, which by the action of potassium 
^tmate is converted into pseutdo uric acid (IV.). 
Tto on treatment with hot dilute acid, gives 
ui!caoM/V.). , 


, , „ different 

conditions a tetrachror derivative (X.) is ob- 
tained, whicli-on treatment' With potash yields 
theophjllii^ (XL). 
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I II >C-CCl3 I *'11 

NMe-( -N ^ ; . NMe-C-N ^ 

*X. XL 

Thoophylhne (XL) is also obtained commer* 
cially from dimethyl carbamide (Traube, Ber. 
1900, 33, 3035). This is condensed with cyan- 
acetic acid in presence if pho^phoryl chloride 
and gives dimethylimi^o barbituric acid (XII.), 
which by the action of nitrous acid yields an 
oximino derivative- (XIIL). On reduction a 
dimethyl-diamino-dioxy-pyrimidine (XIV.) is 
produced, which with formic *aoid yields a 
formyl derivative (XV.). This on heating loses 
water with formation of theophylline (XL). 
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From uric acid caffeine is manufactured 
synthetically by the following reactions (Boeh- 
nngw ^ Soine, D. R. P. 121224). Uric acid is 
heating with acetic anhydride 
;aathine (VI.). This, on methyla- 
iQe solution, gives ^ 1 : 3 :t ; 8- 
(VII). % the action of 
speciM oonditions tiul is con- 
v^tea into a tnohloro derivative of the con- 
stitutiom shown in {ormida (VIII.) which» on 


oonrerfed 
tion in 



chlorine 
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CO CKH.. 
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:NH 
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CO C'NHCHO 

I II 
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XV. 


Theobromine has been synthesised by a 
series of reactions similar to those above. 
Starting wim methyl carbamide S-methyL 
xanthine (XVI.) is obtained, which on methyla- 
tion gives tho<^bromine XVII. 

NR -CO NH -CO ^ 

I I 

CO 


0-NMev 
XVIL 


CO C-NHs 

I !l 

NMe-C-N ^ 

X\L 

Theobromine may also be obtained syntheti- 
cally from^uric acid. This is emiverted into 
S-methylxanthine (VI.) as in th^ i^the- 

m The dry^pofcaMiumftit of l-methylxaiitiiiBe 
18 heated with .methyl lodi^ when trunethyl 
x anthin e (XVllI.) is obtidnwU of 

this compound «re8ttlte in the ^oimaticn of o 
tnohloro deriva^e (XIX.), w&h on 
with dilute caustic «otaeh ^soltttion 
theobromine (XVH.). ^ . 
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* CAFI^ONE {Gaffeol). A brown oil, heavier 
than water, and sli^tly soluble in boiling water. 
OoDStitutes the aromatic principle of coffee. 
May be obtained by distilling freshly roasted 
oonee with water, and agitating the distUlate 
with ether, yhich dissolves out the oil Accord- 
ing to Lehmann and Wilhelm (Chem. Zentr. 
1898, iL 372), it has no physiological action on a 
healthy man (v. CorFEE). According to Grafe 
(Monatsh. 1912, 33, 1389), it consists of about 
50 p.c. of furfuryl alcohol and 38 p.c. of valeric 
and acetic ^^oids, with phenolic substances of 
a creosote odour and a nitrogenous substance 
allied to pyridine to which the aroma is due. 
It appears be formed by the distillation of 
the crude fibre of the l^pan. 

CAFFETANNIC AClTfv. Tannins. * 

cXiL-CEDRA, Khaya senetjahtLsis (A. 
Juss.). A tree of the meliaceous order, growing 
on the banks of the Gambia and on the lowlands 
of the peninsula of Cape de Verde. Its bark is 
very bitter, and is niifth prized by the natives as 
a febrifuge, on which acwomit it has been called 
the cinchona of Semgal. Its wood resembles 
American (Honduras, Cuba, Spanish) mahogany, 
is one of the y-called African mahoganies, and 
is used in making the finer kinds of furniture. 
The bark contains, amongst other substances, 
an extremely bitter, neutral resinous substance, 
called call-cedrin, to which its active properties 
appear to be duel 

Catl-cedrin is very sparindy soluble in water, 
but readily soluble in alcohol, ether, and chloro- 
form. It is obtained by repeatedly exhausting 
the coarsely pulverised bark with boiling water ; 
evaporating the filtered liquids over the watt^r- 
batn to the consistenceof a syrup ; exhausting 
this extract with alcohol of 90 p.c. ; precipitating 
the alcohol filtrate with basic lead acetate ; 
filtering, distilling off Jhe alcohol, and agitating 
|he residue with chloroform, which dissolves 
nothing but the bitter principle. 1 kilogram of 
the bark yields about 8 milligrams of callcedrin 
(Caventou, J. Pharm. [3] 16, 365 ; 33, 123). 

OAIHCETIN V , Glucosides. * 

, OAINCINy. Glucosides. 

CAtUfOORH V Qtjabtz. « 

• CAJBPUT or CAJUi^UT OIL r. Oils, Ess«n 

TUL. 


CAJKPUTOL t;. Camphoes. 

‘ CAL ’ V , Tungsten. 

OALABAB BEAN v . Obdeal bean. 

OALABAB FAT v. Fhysostiomins. 

CALABARINE, CALABAROL, p. Obdeal 

CALAFATITE. A double sulphite of alumi- 
niUJU and potash, so nr mod after its discoverer, 
Oakfat Occurs oeaflpAlmeri^. Goistains SO 4 
34*77, AI,0, 37J8, K,0 9l4,^H,0 17*61, 

(P. ^UNITB.) 

Ger.). vUnder this name 
t»o oommoB imo minerala^^o carbonate (u. 
jSAdtheooiie) hydrous silioatf (v. 

Heimmotphite)~ara much con* 


fused. The Latin form lapii mlcmimm k 
*Buppc|ed to be a corruption of the old name 
ca^mm {KoZfila) used forazino ores in general. 
The minerals in question oilln so closely i^mbJe 
one another in external appearance that it is 
only possible to distinguish them by chemical 
tqpts ; and it was not until 1803 that ‘James 
Smithson definitely established the existence of, 
the ^wo distinct species. The name camraine 
was *thon applied Joy some huthors to the 
(farbonate tl^P^^rry calamine), and by other 
authors to the hydrous silicate (electric cala- 
mine). In 1832 F. S. Beudant proposed the 
name smithaonite for the carbonate, restricting 
the name calamine to the hydrous silicate; 
but most unfortunately Brooke and Miller, in 
1862, reversed these designations. Beudant 
has been followed by Dana and many other 
mineralogists, but in EnglandT the name cala- 
mine is unfortunately still much in use for the 
carbonate, and hemimorphite (G. A. Kenngott, 
1863) for the hydfrous silicate. The use of the 
latter name partly clears up dae confusion, since 
it is descriptive of the very characteristic hemi- 
morphio development of the crystals. The 
old name zinc-spdt is also descriptive of the 
carbonate. ^ L. J. S. 

CALAMUS. The Indian variety of Acorns 
calamus (Linn.) ; is used as a meuvine in the 
Levant ; the Turks candy it and employ it as 
a remedy against contagion. The volatile oil 
occasionally enters into the composition of 
aromatic vinegar. According to horns, cicorin 
in contact with ferments, splits up 
into sugar and oil of calamus 

G86HgQOg=C|HigOg4‘3CioHig 

(c/. von Soden and Rojahn, Chem. Zentr. 1901, 
i. 843 ; Thoms and Beckstroern, Ber. 1901, 34, 
1021) {v. Aoobus calamus). 

CALAVERITE. A telluride of %old, A^e*, 
containing 40-43 p.c. of gold with 1-3 p.df of 
silver. It was first fojpd in Calaver^Co., 
California, and afterwards in considerable 
abundance in the Cripple Greek district in 
Colorado and at IvaJgoorlie in Western A ustralia, 
wliere it is of importance as a tell'inde ore pi 
gold. Sp.gr. 9-155-9'39^ The small complex 
(monoclinic or triciinio) crystals from Colorado are 
tin- white in coloifr, tarnishing to bronze-yeUow on 
ex^sure. The massive material from ICalgoorlie 
is ]^le bronze-vellow with bright metallic lustre ; 
and with its sub-conohoidal fractur* and absence 
of cleavage it much resembles iron-pyrites in 
appearance— in fact, before its value was recog- 
nised, the mineral had been thrown fiway on the 
waste heaps of the mines. L. J. S. 

CALCiblNE. Calcium iodide. 

CALCINOL. Calcium iodate. 

CALCITE or CALC-SPAR. One of the 
dftnorphous crystallised forms of oalohio;^ oar* 
bonate (CaCO,). TMs rhombol^pdffi] form Is 
less dense (sp.gr. 2*72) and less hard 3) than 
the orthorhombic form aragonite It' is 

also the more stable form : when aragonite is 
heated to low redness it passes into oalmte, and 
paramorphs of calcite ^ter aragonite arS d 
ireement occurrence in natnite Frome* an 
aqnlouB solution containing ca»on 
etdoiam carbonate oiystall^ aitoateiiS 
temperalures of 0 *-lSr,%nd as a ndztQfW of 
calcite and aragonite at higher teBrneratom: 
the presence of various saltsln the sclatioB sko 



:W ’ apAWm OB. CAIib SPAR. ’ 

liVtmn tho fomaftticm of anu^oiiite. (for a | mercniy was volatiiued. 'It wm obtained al a 
atunmapr ot Uie llteratcire on the crystallimtion I metaUio solid by Matthiessen in (CSiem* 
of calcittm ca^onate,^ ^ P* Vetter, Zettsc^ Soc. Trans. 8, 28), by efctrojvBing a fused niix", 
Kryst. 1010, aHiii. 44; Caloite may be readily tore of calciun% and strontium clfloridea in the 
distinguishecb from aragonite by the posseaBion proporti<|b o& two molecules to one with a little 
of thiM perfect cl^vages parallel to the faces of ammoniunf ddoride, the whole being spntained 
the primary rhon^ohedron, the angles betweep in a porcelain crucible. On^iassing the current, 
which are 74® 66' and 106® 6' (the plane angles' beads of metallic calcium separated at the 
on the rhomb'Shaped faces are 78® and 102°). negative pole and were ladled out. Moissan 
The mine^is*njadily scr^ohed with a l&iife, (Ann. Chim. Phys. [7] 18, 289) repeated the 
and it efleivesces briskly in contacf with cola experiment, increasing me size of the apparatus, 
dilute acids. and obtained a metal possessing a yellowish 

With the exception of quartz, calcite is the colour, 
commonest of minerals. It frequently occurs Lies-Bodart and Gobin (Compt. r^nd. 47, 23) 
well crystallised and in a great variety of forms, obtained calcium by heating the iodide with an 
the various forms of its crystals suggesting the equivalent of sodium in an non crucible, the lid 
trivial names ‘ dog-tooth-spar,’ ‘ nail-head-spar,’ of which was screwed down. Moissan repeated 
* paper-spar,’ ‘ cannon-spar,’ &c. As the essen- the experiment several times, and states that the 
tial constituent <K the rocks limestone, marble, yield and purity vary greatly, the riehest metal 
and chal^ it is of abundant occurrence. In obtained containing from 83 p.c. to 93 p.c. 
these forms it finds extensive applications as calcium. The reaction proceeds best at a dull 
building and ornamental st(Snes, and in the red heat, and is reversible if afterwards the 
manufacture of linje, mortar, and cement. The temperature is raised to whiteness, 
clear, transparent variety, known as Iceland- Frei obtained calciaiA in globules weighing 
spar or doubly-refracting spar, is used in the 2*4 to 4 grams by the electrolysis of the chloride, 
construction of nicol prisms f5i’ optical polarising Another process consists in fusing 3 parts 
appajatus. Material suitable for this purpose is of calcium chloride with 4 parts of zinc and 
obtained almost exclusivelv fr6m a quarry in 1 part of sodium, thus forming an jiUoy of zinc 
basalt on the Reydar-f jordhr on the east coast and calcium, which, when heated m a gas-carbon 
of Iceland, but the supply is limited and variable, crucible, decomposes, ti^e zinc volatilising and 
A considerable quantity of clear material a button of fused calcium remaining (Caron, 

suitable for optical work has been found (1918) Annalen, 116, 366). 

between Qreycli^ and Bigtimber m Montana, Moissan obtained the alloy with facility, but 
where it occurs in vertical veins in gneiss, ^as unable to separate the calciuft. from it. 

L. J. S. Moissan (Z.c.) points out that in all the above 

CAliCIUM. Symbol Ca. At. wt. 40*0. methods the difiiculty m to free the calcium from 
Lime, the oxide of calcium, has been employed the metal with which it has become associated 
in the preparation of mortar from very early in the preparation. He, howeyer, finally sue* 
times. Interesting accounts of the process of ceeded m obtaining the pure metal by utilising 
lim^burnin^ are given by Dioscorides and the property, unkn^^ before his researches, of 
Pli^. It was not, however, until 1766 that the molten sodium to dissolve calcium. For the 
differSnoe between buri^ and unburnt lime was preparation, he adopted a modification of the 
explaiflted by Black. method of Lies-Bodart and Gobin. In an iron 

Oalcium is universally found as carbonate crucible of about 1 liti^ capacity he placed a 
CaCOs in the forms of calcspar, marble, and mixture of 600 grams of coarsely crushed anhy- 
limukme, often in whole mountain ranges or drous calcium iodide, with 240 grams of sodium 
immense coral reefs. Dolomite or hitter spar, in pieces as large as nuts. The crucible was 
tb^'double carbonate ot oalcium and magnesium, closed with a screw lid aniFmaintained for 1 hour 
constitutes the geological formafton termed mag- at a dull-red heat, then allowed to cool. The 
ncsian lin^estone. Calcium sulphate as a^y- calcium, which is soluble in excess of sodium at a 
CaSOi or sdeniie {gwsum) CaS 04 -f 2fl}0, red heat, separates at the point of solidification 
is also very plentiful. The phosphate united and becomes pmctically insoluble. The inetallio 
w^h the chloride or fluoride also occurs widely portion of the melt is cut up into medium- 
distributed, often as minute inclosures in crystals sized fragments and gradually intr^uoed into 
of the primirjfc rocks, as the mineral apatite, absolute alooholi The sodium dissolves, leaving 
trhilstioalcium is an impoiitunt base in the greater the*calcium in brilliant •white crystals, 98*9 p.m 
• number of natural silicates. The soluble matter to 99'2 p.c. pure. 

carried away by rivers largely consists of the Ruff ancf Plato have succeeded in obtaining 
carbonate and sulphate of calcium, while sea- the metal in relatively large quantities by the 
“ addition to these, both phof- electrolysis of fused calcium chloride by keeping 
piite And^uoride of oaleium. The bones of the temperature of the cathode above tee 
aitenatt' dopsist largely of calcium phosphate, melting-point of calcium (U.S. PaV 806006). 
imd the shells of molluscs of the carbonate. Borchers and Stockhem, by electrolysing fused 
OiloUUQ salts are never absent from plant anhydrous calcium salts, keeping the tempera* 
tisvGi^ oondNitrating mainly in the leaves. ture of the cathode below the melting-point -of 
. also occurs in extra-terrestrial calcium, oBtatee^the m^al in a spongy state 

hodteli, bk thitnin, meteorites, and many ^ed (U.S. Pat. 808066). By using# vertiW oathodfi 

***** ” which only just touohestim surface of the 


fused oalcium salt, the metal Imdeposited on 
this suiteoe, and#by meohliiiioill^ thi 

cathode an irrsff^idy rirnTMid rod ofmSiiun* 
resembling a oaDbege st^ is bamdt wh^b 


Mi|^ as an powder by Davy in 

1008, by iMctro^ysis of the fiUoxIde, using 
meieiuy as nagatiTe eleotrods^ mhI afterwards 
heetiusL tdm amalflam thue 'faeniAd until tk« 
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Jdknson, J. Chem. 1910, 2, ||;66). 

!1%!B eieetrolyte, of a fused mixture of 

10 parts of 0^C1| with iT wrts of CaFi, is oon- 
taiaed ia a cylindrical vessel of Aaheson |;raphite. 
The containing vessel forms the Wiad|, whilst 
the cathode is an iron ribbon ™ch can be 
run up from belom The best deposits were 
obtained with a current density of 10 amperes 
per square cm. If the cathode current density 
18 too high the metal does not adhere, whilst if 
the anode density ia too low the eletrolyte is 
not all melted,^ and for proper control the 
anode and^athode surfaces should be detinite 
for the conditions in use. Maldenhauer and 
Andersen (Zeitsch. Elektrochem. 19, 144) used 
a mixture of 85 p.c. OaCl, with 15 p.c. KOI 
and a current density of 60-110 amperes per 
square cm. Rods 9-18 mm. diameter were 
obtained, I0iontainmg Ca 90 '09 -98 *18, K 0*0- 
0*14, Fe 0*3-0‘4, Si 0*40-0*70. The current 
yield varied from 65 to over 90 p.c. 

Commercial calcium is usually coated with 
CaCl|, which can be pqr^ly removed by absolute 
alcohol, and the remainfler by ro-mel#ing in an 
iron bomb. In this way a metal containing 
99*44 p.c. Ca and 0*25 AljOg f 8iO| is obtamed. 

Calcium is made commercially at Biiterfeld, 
Germany. The world’s production is about 
50 tons a year, and l4io pnee in normal times is 
about 12.y. 6d. a pound. The metal melts at 
810®, and has a .dt^j^sity of 1*548, It may bo 
turned into cylinders having a brilliant lustre 
tarnishing in air. It may be drawn into wire 
of 0*5 mm. dlWeter. Its electric conductivity 
is 16, that of silver being 100. 

Calcium is a white metal approaching silver 
in colour. It can be cut with a knife or broken 
with a blow, an^^ the fracture is crystalline. It 
scratches lead, but not colcite. It is less malle- 
able than sodium or potadlium. The crystals 
are of tabular habit and belong to the rhombo- 
hedral systeuL 

Gently heated in air, it burns with incandes- 
cence, or if heated in a qprrent of air at a dull-red 
heat it leaves a spongy mass which decomposes 
water, producing ammonia and calcium hydrox- 
ide. Calcium, merefore, fixes both nitrogen and 
oxygen. Calcium iifflames when heated in 
oxygen to 300®, and the heat is so great that 
the lime formed is both fused and partly volati- 
lisecU Fluorine gas violently attacks calcium at 
the* ordinary temperature. Chltrine, bromine, 
and iodine nave no action until heated to 400® 
'or above. Metallic calcium exists in both an 
aptive and an hiaotive form its power of 
^Borbinjg poses. Active calcium commences 
to absorb mtrogen at 300®, and has a maximum 
action at 440®. As the temperature increases 
tim rate of combination slowly decreases, until 
at 800® it has ceased. The velocity of absorption 
is dependent on the presence of a layer of 
nitride. The inactive form commences to 
comlto with nitrogen at 800®. IJ^e ditference 
is not due to the existence of allotropes, but to 

state of sub*divisiun. The active variety is 
HmNued by slowly^ooolinggmgltelL calcium. 

Torifity pxn<|uoes a bla^ nitride (Zoitsch. 
mektanoohem. 22|« 15). Water is attacked at 

wd&oBSj stsmperatuie with the liberation 
m byrii!9geil ; ^ action is riow, owing to the 
* loraiarioa tH a ctiat nf^dum hydioxiae ; the 
fddHioa of sugar hastens tfae'aotion^ Ftuning 
idteio add ^Mes it slowly if free from 


limes; the action is hastened on dilution. 
iFum^ sulphuric acid is immediately I'eduoed 
ii\ tlm cola to sulphur ^and sulphur dioxide. 
Hydrochloric and acetic |oids ittaok Caldum 
violently, with the liberation of hydrogen. At 
a red heat, calcium reduces the fluorides and 
cjilorides of potassium and® sodium, •setting 
free the alkali metals ; under the same condi- 
tion^ the iodides are not attacked. • 

dalcium, although soluble in snoiten sodium, 
from which, it separates m the crystalline state 
on solidification of the solvent, is not notably 
soluble in potassium. The only definite com- 
pound withi mercury appears to bo CaHg^, 
m.p. 260° (docomp.). With magnesium, it 
furnishes an alloy which decomposes cold water. 
The freezing-point curve has a simple form* the 
single compound Ca^Mg^ being mdioated by a 
maximum at 715°, whilst tHere are eutectic 
points at 514° and 446® and 18*7 and 78*7 p.c. 
of Ca respectively. The compound ^a,Mg 4 is 
brittle, silvery in'appcarance, stable in air, and 
is only slowly acted on by^ttater. Lead and 
calcium react together violently in the molten 
state ; the freezing-point curve has maxima 
at 649° and 1 105®f^corre3ponding with the com- 
pounds CaPl), and Ca,Pb respectively. Another 
compound CaPb is fo«ned at 950°. All the 
alloys fall to a black powder in air. Copper and 
calcium form a single compound Ca(Ju 4 , melting 
at 933°, unstable m air. Silver and calcium 
form a complicated system of alloys (Zeitsch. 
Anorg. Chera. 70, 352. With*zino and nickel 
it forms brittle alloys. Tin, heated just above 
its point of fusion, combines with it with 
incandescence, forming a white crystallina alloy, 
containing 3*82 p.c. calcium. 

Calcium hydride. CaH|. Calcium does not 
unite with hydrogen at the ordinary tempera- 
tures. To prepare it, the metal dfet into small 
pieces contained in several nickel boats, is p2Woed 
in a glass tube sealed at one end. Hydrc%en is 
fed in at a pressure of ^ to 5 cms. mercury, the 
tube being boated to redness : the temperature 
is kept sufficiently low to pre™t union between 
the calcium and the nickel. So obtained, it is a 
fused white solid ; sp.gr. 1 *7. It may be heated 
to redness in air without change. Its charac- 
teristic reaction^ the decomposition of water in 
the cold with the liberation of hydrogen. 
Caftium hydride shows a marked dis^oiation 
from 600°, reaching one atmosphere pressure 
below 800°. This cannot be a true dissociation 
pressure, as the hydride is readily formed by 
heating calcium in hydrogen at 83(jf. A second 
hydride also exists 
Ca+H->CaH+23,100 cal. ; 

CaH-f-H->CaH, +22,000 oal 

(Xeitsoh. Electrochem. 20, 81). Brongted^alou- 
lates the heat of formation of c^cfiim hydrida 
from solution in hydrochloric acid : fy Cafi from 
liquid calcium and hy^ogen about 21,000, and 
for CaH| from CaH and hydrogen 21^900, 
Gunts and Barrett found 46,200 oal from Jtfdid 
calcium (Zeitsch. anorg. X$hem. 82, 130k ^ 
mi|^re of BaSO^ and CaH. ignited' by %dbiie 
siimlar to that used in thermite leM vigorously 
according to the equation : g * 

(Bor. 46, 2264). 

Oalelum oxlds, lime. CaO. 
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oaioiniu oxide (quicklime) is obtedned by heading 
to redness any salt of calcium contain^ a 
volatile acid, as the .carbonate and niSSta, 
Caloiuo# carbonate, fnen heated in a clos^ 
vessel, may fused without decomposition, but 
when raised to a red heat under ' ordinary 
pressure it gives* off its carbon dioxide, an^ 
Becomes converted into lime : CaCO,*=CaO+CO^ 

To •obtain pure dime, Iceland spar or other 
forms of oaloita,*or the finest marole, maj be 
employed, the ignition being performed in a* 
crucible with perforated base so as to permit of 
the entrance of furnace gases, which carry away 
the carbon dioxide as fast as it is formed ; other- 
wise the decomposition is incomplete, the car- 
bonate undergoing no change in an atmosohere 
of carbon dioxide. 

Lime is made by heating calcium carbonate 
to a temperaturo*high enough to drive off the 
carbonic ^id. The tension of dissociation of 
CaC?0| is ^7 mm. at 647® and 753 mm. at 
812® ; in practice, the temperature for burning 
lime is about 1000®^ The raw material may be 
nearly pure calcium carbonate such as marble 
or chalk, or may contain so much clayey matter 
that the product is a cement oftthe Portland class 
rather than a lime. On this fact choice of the 
mode of burning in parUdepend^, because if the 
lime is needed to be pure it must be burnt out of 
contact with solid fuel, whereas if it is a cement 
rather than a lime, the addition of silicious 
matter from the ash of the fuel may be actually 
an advantage. ^fThe chief uses of lime are 
for building, in agriculture and for chemical 
manufacture. For the first purpose, an impure 
limestome, burnt in contact with solid fuel, is 
to be preferred, whereas the purest obtainable 
limestone, heated out of contact with fuel, 
yields the best material for chemical use. In 
practice theseiJ)rinciplo8 are not always observed, 
par% from want of realisation of their validity 
and |llirtly because it is sometimes economical 
to sacrifice the purity* of the product rather 
than mour the expense in capital and fuel of 
kilns designed to bum limestone out of contact 
with solid fuel, but the knowledge of these is of 
value in deciding on the type of kiln to be 
adopted in any given else. 



llThe tiihplast form of kiln is the flare kiln, 
lihoim in L The fuel (wood or poat) is 


burnf under an arch mad# of material to be 
* calcined, thus the lime mroduoed is 
nated with. ash. So cruae a device is, of course, 
not econpmicaU'Of fuel, but its mmplicity and 
oheapnesf, and the fact that it can produce 
exceUent lim^ cause it to be still uaed to a 
siderable extent. • » 

Another simple form is the common running 
kiln shown in Fig. 2. The limestone or chalk 
is loaded into the kiln with alternate layers 
of small coal or coke, and the product is from 
time to time drawn from an eye at the bottom 



class, of course, contains the whole of the ash of 
the fuel. 

A more elaborate form of running kiln is the 
Copenhagen kiib, shown in Fig. 3. It is d 
the continuous-shaft type, the fuel and limestone 
being fed in at the top and the lime withdrawn 
at tl^e bottom, lAt in addition a definite burning 
sone is established by fteding a portion ol the 
fuel in at the side operungs giving into the 
central part of the kiln. The neat can thni^ be 
controlled better than when all the fuel is die* 
tributed through the whole of the charge, with 
the result that consumption of fuel is decreased 

Another shaft kiln Is the Byan kiln, used in 
the Buxton district. Its construction is rilown 
in Fig. 4. The fuel is fed in at the sides and 
the limestone at the top, SQ that^the ash of 
former is 1^ Ifaeniricablylhbced with ^ bnmt 
lime. In consequence and be^|Mise of the ha^df 
ness and dense stmoture of Bnaton Bmestoti^a 
large part of the bntpnt ii In liipp: praddiw 
tmoontaxninated ifitb s^^ so tiiat tni 
^ can bo picked and thalnn^ of lime ol 
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Pli% i;Qa<l fof u«e» mfih m the z|aku- 

Lime ewi TOtot fafe rotatory kiln, aimilar 
to tkOM mied for omneiit but neorked 4 a lower 
temperature^ but few such kilos imii^use, the 
pro^bl# reason being that only smaU lime 
would be produced, ^nd for many uses mmp lime 
is prderr^ 

The Hofimann kiln (Fig. 5) is used in places 
where labour is BuflSoiently cneap to allow of 
loading and unloading by hand being performed 


an ftetermediate iype is the Rumford kUn, shown 
in Fig. 6. 



Fio. 3.— Copenhagen Kiln. 


at a low cost; it has the advantage of being 
economical of fuel The buAing chamber 
(Conasts of an endless tunnel, divided into com- 
imrtmmite of approximately equal size by means 
of combustible danip^. Each chambea is 
provided mth an opeftmg in the outside wall 
for charging and discharging, and with the 
mam flye connecting with the chimney. The 
fuel of breeze and coal is introduced through 
holes in the arched roof, The kiln is worked 
on a progressive scheme, fuel being charged 
. into the hottest Chamber, and air being allowed 
to enter her© so as to complete tho calcination, 
while ^e gases Idre allowed to escai^ through 
dab^m in the laat chamber. Jhe daily 
p^uotion of ^ tli^ fuUmc^ is very 




j &oin t&bde kilns, like all the foregoing 
the flaih kiln, which sllow at least some 
dbntaot of the ssilyif ^e fuslSdth the lime, to 
|Ut*$red Mhis in wmch #ntaci|s wholly avokied. 
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Fio. 4. 

Ihe fuel is. burnt on the hearth of a furnace 
oeneatha • 

bridge n p 
through which 
the gaseous 
products of 
combustion 
pass to the 
shaft of the 
kiln and over 
which descends 



Fig. 5. 


the burnt lime to openings at the i^e, where it 
can be drawn. 

A gas-fired kiln proper is the SchnatoUa 
kiln, shown in Fig. 7. » Gas, from a producer 
at the side of the kiln, flows through porta in the 
avails of the kiln shah, and th**re burns with a 
supply of secon- 
dary air, heated 
by passage 
through the hot* 
lime which has 
deOiended below 
the level of the 
gas inlets. Kilns 
of this class 
have the advan- 
tages that they 
are continuous 
in operation, 
need but little 
Imbour, and 
allow the use of 
fuel too r.ch in 
ash to be suit- 
able for burning 
in contact with 
the lime. 

&ualitH8 and 
Msapo/ Lisjj ^ — 

Commercial lime raises in oomp^tion 4sim 
almost iphemioally ptirapoaloium ficide to « 
material closely resembling Portland 
The following analyses iilustrate this^-* 
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Insoluble r«ildne « 
Oombiiftd BllicA (SIO.) . 
Alumina (Al.^) . 
Ferrlcaoxlde (Fe.O,) . . 
L!me(OaO) . * * * . 
Magnatla (MgO) * . 
Sulphuric anhydride (SO.) 
Oarbonlo anhydride (CO.) 
Water (H,0). . . 

Alkalies and loss . 


1^' 


S* 

si 


(18*20 

0*62 

2-89 


) 10*84 

22*10 

1^ 

}- 0-11 

i*e4 

1*82 

(6*79 

>2*84 

98-72 

51-10 

6fi*72 

, 68*48 


1*04 

M7 

1*54 


0*21 

0*40 

1-^J 

— 

8*00* 

0*64 

8*64 


}l4*47 

( 6*86 

1 1*08 

2*69 

1*38 

100*00 

ioo*oo’ 

100*00 

o 

o 

6 
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necefM^, a moderate!/ sUtojpits time, 
wiU set lightly per ae^is preferable to the 
lime oommonly emploj^ed. In this country, 
lime is almost (iWays slaked on the ffipoi and at 
the timf |^h|re it is to be used. Abroad, the 
lime is usually slaked long tteforo it isiisedfUnd 
is thus allowed to become ^mpletely hydrated. 
The easiest plan is to make a paste d lime and 
water (lime putty), and keep it in a pit until it 
is needed. In like manner, slightly hydraulic 
lime is slaked with a limited quantity of water 
and allowed to remain in silos nnlK lime 
itself is completely hydrated, whilst ^e cementi- 

i.— a- 


As mentioned above, the purest kinds are 
needed for chenyical manufacture, and the less! 



When a dolomitic limestone is burnt, it 
yields a lime of which the following is an 

Per cent . 
2-94 
1-90 
46*72 
32*60 
0-92 
3*27 
11*66 


example : 

Insoluble silicious matter . .•" 

Alumina +ferrio oxideiAljO,-f-F 0 jO,) 
Lime (CaO) 

Magnesia (MgO) . 

Sulphuric anhydride (S^^j) 

Carbonic linhydride (COj) 

Combined water and loss 


Fig, 7. 


pure varieties which approach the nature of 
cement, are generally preferable for building. 
In the oase of limes containing so much 
silica as does Chaux de Teil and so much 
^ica'^Und alumina as does Blue Lias %ie, 
thev mav be regarded as hydraulic cements 
rather than limes proper. A rough trade 
distinction exists between *fat' and 'poor* 
lime. Th^-fcjfmer is fairly pure and slakes 
rapidly ana with a high rise of temperature ; 
the latter, containing some combined eiUca 
and alumina, slakes slowly and relatively feebly. 
Both, when mixed with sand, form mortars, 
but fUt lime seis onlv by drying and srfo- 
s^uSnt siMiOEption of carbonic mcid from 
ih» '‘air, whereas the silicious oonstitumts in 
poor lime^wOl themselves set, to some small 
ei^ n|, in the nilanner of a cement. Pure lime, 
mixe^hsdtb pure qnartz sand, has no aiqireoiable 
«0%ii*0n it at the ordinary temperature, but 
rnair^act 2n ^ht degree on the more attaokable 
41 ioi<rai cqqmmitants of common b^kMng gjf^d ; 
in i^yJAa^boWerer, the action is trifling, and 
thj^ aetti»|f of commiii mortar is ptactically 
by any snob oconrrenoe. In building, 
Ibtmote, where an hydraulic osment it not 


100-00 

Lime of this kind needs much care in slaking, 
as the hydration of the fnagnesia takes place 
slowly and may occur af^cr the mortar is in place, 
and by expansion cause destruction of the work, 
i Although lime will not act on sand at the 
' ordinary temperature, yet, like other alkaline 
, bodies it attacks it readily a moderate 

S erature. The manufacture of sand lime 

8 is dependeqjfi on this fact. The bricks of 
! sand, mixed with 6-10 p.c. of lime just hard 
' enough to stick together, are qjcposed to steam 
at about 150° ; at that temperature the lime acts 
on the sand, produlting calcium silicates, which 
are cementitious, and suffice to cement the sand 
grains together into a brick of ample strength for 
ordinary building purposes. In places where sand 
is abundant and clay siyitable for brick makiim 
is scarce, the process is of considerable use. 

Pure calcium oxide forms wh^ porous 
amorphous masses of sp.gr. 2-3 to 3*08, nigbly 
infusible, melting only ii! the highest tempera- 
ture of the oxyhydrogen blowpipe flame or in the 
electric arc. In the ordinary oxyhydrogen flame 
it emits an intense light, wmch u much used for 
lantern projection. 

Calcium oxide has been obtained by Brflf^- 
mann in minute cubic crystals of sp.gr. 3^1 
by heating the citrate in a porcelain flask (Pdgg. 
Anfe. [2] 2, 466 ; and [tj 4. 277). . • 

A crystalline mass, found upon the lining, of 
a continuous limekiln at Champigny altet $8 
months’ continuous work, was oIm shoven td con^ 
sist of small cubical crystals of pure lime, c{ i|)«gr« 
3-3^LevalloisandMeunier,Compt.rend.96, 16^ 

I There is evidence df the existeno© of two 
forms of calcium oxide. The oxide obtained ^ 
I by heating ‘‘oaloite at a low red boat is ^e 
i grained and porous. When heated at hig^ 
temperaturesUharefraotiiie index increases and 
cubic orystallji#oaloium oxide is binned for 
which The melt^-point of GaO as 

determined by the Ho^x»n Kitflbaum optloal 
pyrometer is 23’J()* (J. Wa^dm^n Acad SgjL 
183, 315). in # 

Amorphous tme tmi op water witii r»« 


atoxlabkt loMng oal^^um h|droxide 

i€(i>(OH),« ^ oombination being acoom^anied 
by a contraction in vcnume and dvolntion of 
heat. Owing* to thi| property, # is need exten- 
sitely in the Jaboratory and worh^ as a drying 
agent. On exposwre to air, tHe '^amorphous 
variety of hme rapidly absorbs watel* and oarbonoj 
^oxide ; anhydrous Ume, however, only absorbs 
the gas when heated to near 416®. Compara- 
tive tests show that carbon dioxide penetrates 
to a depth of about 3 inches in 20 days. More 
water is taken up in summer than in winter, 
but .the ca^iPdioxide absorption is aboiit the 
same (Whetzel, J. Ind. Eng. Chem. 1917, 7. 
287) lime is readily soluble in dilute mineral 
acids. It also reacts with ethyl alcohol when 
heated in a sealed tube to 115* to 12.5°, giving a 
mixture of hydrate and ethylate of calcium. 

fiftiftinna hydroxide, or Hydrate ot Itme, 
Ca(OH)|, is obtained by slaking fresh well- 
burnt quicklime with about a third of its weight 
of water. Informs a white amorphous powder of 
sp.gr. 2'078, sparingly sgluble in water, and leas 
80 m hot than in cold Water, as aoen from the 
following table (Maben, Pharra. J. [3] 14, 505) : 


Tempera- 

ture 

Parte of water 
required to 
dissolve we 
part Ca(F 

Tempera- 

ture 

Parts of water 
required to 
dissolve one 
pari CaO 

0* 

769 

' 65* 

1104 

6* 

' 764 

60* 

1136 

10* 

. 770 

65* 

1208 

15* 

' 779 

70° 

1235 

' '20* 

791 

75° 

1313 

26* 

831 

80° 

1362 

30° 

862 

85° 

1388 

36* 

o909 

90° 

1579 

40* 

932 

95° 

1650 

46* 

986 

99° 

1650 

60* 

1019 




According to Lamy (Compt. rend. 80, 333), 
Mm solubility varies sli^tly with the method of 
prepwatibn of the hydroxide. 

The solution known as lime water has an 
aUcaline reaction, and absorbs the carbon dioxide 
of the atmos^ere, forming a pellicle of calcium 
carbonate. Lime water or definite strength for 
pharmaceutical purposes, is best prepared by 
lusing freshly ignited lime. In, preparing lime 
Vftter fropi ordinary lime, the first solutions 
should invariaWy be rejected, as they will contain 
nelily all the soluble salts of the alkalis and the 
^ryta and strontia present in l^e lime as Im- 
pulses. Milk of lime is an emulsion of calcium 
. hydSfOxide suspended in less water than is required 
f(^ its complete solution. Calcium hydroxide is 
ttJore soluble in solution of sugar than in 
pure water, due to the formation of soluble 
saochsoates (for solubilities, v. Weisberg, BulL 
Soiv ohim. 21, 773 ). . . , 

Cftlf inni hydroxide is preoipitatra by caustic 
' potash or sod# from strong solutions of the 
QhhMrido S if & satm^ted s^tion oalcium 
chloride bo emi^ved, ^ whm l^omes solid. 
A eoMon eviforated over sidphurio acid in 
' a vaottom deppsiw hexagonal prisnis, according 
to Oay^LoSsao. Cryatals, which had 

* sraasiied on thr> s^ao^of sai^les of hydraulic 
Oiuneob were founo by itoikaw belong to the 


ihombio system spite of dw hexago^ 
awearanoe. A dsposit of m(jr oon- 

iSting of oalcium* hydroxide, was found by 
Luedecke in a Carr4 ice ^machine. ^Se^anov 
(J. Russ. Phys. Chem. $bc. 45, 25£) fiaw that 
supersaturated solutions of hydrat^ oateium 
oxide contain 0*260 to 0*264 gram CaO ^ 
c.c. These saturated solutions are extl^m^y 
sensitive to heat. The moftohydrate Cai^^s 
may be obtainecUin hexagonal plhtes by hea^in^ 
the solution. The cryohydrate gives on sCBdi- 
fication transparent ice, but the solution for|ied 
when the ice melts deposits the sesqui-hydrah^ 
2Ca(OH),,HkO in elongated hexagonal or rhombic 
plates. The compound is very unstable. / 
Calcium hydroxide is an energetic base Com- 
bining with acids to form salts and diCplacin^ 
ammonia from its oompoun^. 

At a red heat, oalcium Hydroxide is decom- 
posed, water being driven off and oxide re- 
maining. ^ • 

Slaked limi is used extensively in the pre- 
paration of mortars and cements (v. ( -emiints); 
for softening hard waters, inbihe preparation 03 
lyes and defecation of sugar, and for agricultural 
purposes. It has been noted that as regard! 
the applicati(ji ©f ftme to the soil, only a smal 
proportion reappears as carbonate, the remaindei 
being adsorbed by the soil constitueats. 

Calcium dioxide CaO, was first prepared bj 
Thenarrl by the action of excess of hydrogei 
peroxide upon lime-water, when raioroscoiij 
quadratic plates of the composition CaO,,8E|U 
sparingly soluble in water and insolubie^.b 
alcohol, were precipitated. According to Conm 
(Chem. Soc. Trans. 1873, 810), the peroxide I 
most conveniently prepared by adding liBae 
water in considerable excess to an aqueotl 
solution of sodium peroxide acidulated wit] 
nitric acid. It is also obtainedudas a ^el; 
divided white precipitate on addii^la neut^ o 
alkaline solution of sodium peroxide to a solu 
tion of a calcium salt.® The crystals are isc 
morphous with those of hydrated barium pei 
oxide. On exposure to mr they effloresce, an* 
when heated to 130° aw converted into th 
anhydrous peroxide, pn increasing the heal 
half the oxygen is driven off, leaving a residu 
of pure lime. JDaO, in the anhydrous forr 
(Rtesenfeld and Nottebohm, Zeitsch. anorj 
C^^. 89, 405) separates from very oonoentrato 
solutions near 0°, and above 40° even from yer 
dilute solutions. The ootahydrate is obtaine 
from very dilute solutions at -the ordinar 
temperature. The ootahydrate is dehydrate 
at 100°. There is no appreoiable<4Qcom|)08itk 
below 200°. Up to 273* decomposition is sloi 
but then becomes very rapid. Finely divide 
CaO, decomposes explosively when heate 
ttspidly to 276°. The dissociation prewure i 
266° is more than 190 atmospherea,^ ^ 
Cileium ehlorlde Cad, is toftod in tl 
water of nearly all springs and rivers, and 
consequently a constituent of the saline mato 
dissolved in sea-water. This salt also forms tl 
chief saline constituent of an exudatior^ 
curling on the face of the old red sandftofi 
rods at Qqy’s Cliff, in WarwicksAdre, ooeumi 
to the extent of 27*16 p.c. (Spiller^hem.«6o 
Trans. d876, 1 , 1 , 64 ). (wium chloride likewi 
occurs, together with magnesiTun chloride ar 
alkaline ol^orides in the tacKydriU and camalh 
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oi the Stftaafurfc deposits, tachpAriie containittg 
21 p.e. GaCJ, end 36 p.a MgClf, w^hile carm^ife 
contains 3 p.o. CaCl^^end 81 p.e. McG,. . r * , 
C^lceixm chloride ^nay be obtained by passing 
chlorine over the red-hot oxide, or by dissolving 
lime, chalk, or marble in hydrochloric acid and 
evaporating, it is necessary to obtain the 
pure, chlorine water may be added to the 
Boluif on in hydrochloric acid in order to oxid^e 
any iron preseifti which may then be precipitated 
by >he addition of milk of lime, and filtered off. 
The slightly alkaline filtrate 'is then acidified 
with hydrochloric acid and evaporated to the 
crystallising point. ' 

Caloinm chloride is obtained in large quan- 
tities as a by-product in many manufacturing 
processes, notably in the preparation of potas- 
sium chlorate and ip the manufacture of sodiun] 
carbonate by the aiumonia-soda process ; it may 
be obtained in the pure state from these crude 
produotsebj^ the method just indicated. Many 
attempts have been made to utilise this waste 
calcium chloride.^ Richardson (E. P. 10418) 
treats the puriftjd crude solution with am- 
monium sulphate in the proportion required to 
convert all the chloride mto sulphate; the 
calcium sulphate could their be ^Jtered off, and 
ammonium chloride recovered by crystallisation. 
Pelouze (Cempt. rend. 62, 1267) was the first to 
point out that calcium chloride mixed with sand 
to prevent fusion is almost completely docom- 
pegged when heated to redness and treated with 
9 teiib;i, the chlbrine being evolved as hydro- 
^l/.c/rio acid. The process was patented by 
'**6hiyay, and the method applied to the waste 
calcium chloride liquors, but the condensed 
hydrochloric acid obtained is dilute and does not 
pay for the coal consumed in the operation. 
Lunge considers that so long os hydrochloric acid 
is so cheap, *i|o possible method can be found to 
utilw the ohlorme in the waste liquors at a profit. 

Siturated solutions of calcium chloride do 
posit the hydrated saltin large hexagonal prisms 
terminated by pyramids, of the composition 

The crystals melt at 29® in 
fiieir water of crystallisation and deliquesce 
lapidly in the air, f<^ing a viscous fluid, 
fonoerly termed oleum cakis. Heated below 
300®, or in a vacuum over sulphuric acid, the 
crystals %»e four molecules of water, 
maintng two molecules can only be ex^pfcd 
4boye 200®. According to Weber (Ber. 16, 
38)i6)i Ihe salt dried at 180®-200® is practically 
anhy^ous, containing only 0’2 p.c. of water. 
Bef^des the two hydrates above described, 
liOSOQeur (Cbmpt. rend. 92, 1158), from deter- 
minarions of maximum tensions of solutions, 
i^owB the probable existence of two others 
Ca01t,4Eg0 and CaClg.HgO. The tetrahydrate, 
however, can only exist below 129®. MilikCn 
jfZe^lL pt^sikal. Ohem. 92, 496) has examined 
the equ^^um conditions in the . system 
0aCl|~HCl— H|0. The solution containing 
44‘S p.c, <kCl| and 3*3 p.c. HCl is in equilibrium 
wHit the solid phases 0aCl|,6H|0 andCa01g,4HgO 
solution containing 38*48 p.o. GaClg 
^ aBd*3l^I».c. HCl with the solid phases 0|P1|, 

calolam chloride is a uddte porous 
at or, aooowing to 
U (atdh Sdc. ^ 47, 300), at 766®. 

the salt-sdPPilf to a^’ translucent 


mass J crystals of sp.gt*> A slight de- 

compoMti^ into oxi^ and* oacbooite occurs 
when the fusion is p^ormed in air. On this 
account, the pappus chloride obtained by drying 
the oiystali at 360r is better adapted for desic- 
cating piu:p(^s, es^oially for the abs^Uon of 
, water in organic analysis. McPherson (tf. Atnwr* 
Chem. Soo. 1917, 39> 1317) has shown that 
granular calcium chloride when absolutely diy 
will remove every trace of moisture from a gas 
passed over a sufficiently long column of it. 

If the fused mass is exposed to the sun’s rays, 
it becomes phosphorescent in the d^k, and was 
formerly called Romberg's phosphorus, after the 
discoverer of the fact in 1693. 

Anhydrons calcium chloride is highly de- 
liquescent. 100 parts of the powder exposed^ 
an atmosphere saturated with aqueous vapour 
absorb 124 parts of water in 96 dfa^^j. Accord- 
ing to Kremers (Pogg. Ann. 103, 67 ; 104, 133 ; 

J. 1868, 40), the following quantities of water 
are required to dissolve one parti, by weight of 
the anhydrous salt : — , 

At 10-8® 20'’ 40® 60® 

1*68 1-36 0-83 0*72 

In the following table, drawn up bpthe same 
author, are shown the specific gravities of solu* 

I tions of varying strengths : — 

I Quantities in Sf.gr. of solutions at 

I 100 pirts water 19-5° (water at 19 6“=:iy 

6-97 ^ 1 0546 ' 

12'58 1*0964 

23*33 M681 

36*33 1*24(19 

60*07 1*3234 

62*90 I 1*3806 

According to Engel (Bull. Soo. ohim^ 47, 318), 
100 parts of water at 0® dissolve 60*3 parte CaCIg, 
forming a solution of sp.gr. 1 *361^ 

A solution of 60 parts anhydrous OaOl, in 
100 parts water, boils at 112®, one containing 
200 p.o. boils at 168®, ai^ a 326 p.<V solution 
boils at 180®. ^ 

According to Lefebyje (Compt. rmid. 70i^^684) 
a supersaturated solution of calcium chloride 4 b 
formed by dissolving 360-400 grams ofthe cry^ 
tallised salt in 60 c.o. warm water or 200 grains 
of the anhydrous salt in 250iO.o. water ; it may be 
shaken after cooling without crystallisatioD, but 
solidifies on contact with a crystal of the salt. If 
cooled to 6*8®, this solution begins to orystallise, 
the temperature rising to 28®-29*. A solution ^ 
containing p.c. CaCl, deposits at about- 16* 
large plates of the tetrahydrate CaCSl|,4H|0, 
which do not induce the orystallisation of^he 
Bu^fematant %uor. This solution, in paasin^ 
from liquid to solid stal^, undergoes at 70^ a 
contraction 0*0832 of its volume. 

The crystaUised chloride CB01g,6H.0 also 
deliquesces rapidly, and dissolves in lialf ’itt* 
weight of water at 0®, ill one-fourth its weight 
at 16®, and in all proportions of hot water, hk 
dissolving it absorbs heat, while the aofaydxoue 
chloride diAolves with e'Vtohitkm pfh^ A 
mixture of 1*44 parte orystallfsed ohkiide with 
1 part of eeiow nances ^ cold of ttote > 

than suffioienu tWEreeee Wrmzy. > 

Both the anhydrous anMjdzated ohWeb, 
dissolve readily iij alcohol, ID pgrte at 80*, dis- 
solving 6 parte anhydrous 0aC3| } on ev^pwat^ 
in a vacuum at'^ter tempfffhiiu, reotangw i 
plates of 2CaCa^<TC*H,0 sre depoeited, . , 
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lav^uiu viuvt'iw? aunwbs &1II- 

oompound Ca^jt^NHt 
HSfl a ^to pomdSHtf whu^, on e^osore to air, 
ffoitttion In water, on heating, is decomposed.*] 
' Thrown into oMorine gas, tha^omnonnd takes 
Sre. Calcium and barium the 

double i^t CaC]g,BaCl, (ra.p. 6$^), but no 
mixed orystalfl. gjOalDium and strontium chlor* 
ides form a continuous series of mixed cmtals 
with a minimum melting-point at 658” and 
66 mol. p.o. OaCI* (Jahr. Min. 15). j 

Calelum oxyenlorlde. When calcium chlor- 
ide solution is boiled with slaked lime, and the 
liquid hlteoed, white needle-shaped crystals 
of calcium oxychloride separate out on cooling 
of the composition ClCa'0'Ca(0H),7Hj0 or 
3CaO*CaQij,16HjO (Grimshaw, Chom. News, 30, 
280). The salt is stable out of contact with air, 
loses part of its water of crystallisation over 
sulphuric ^id or caustic lime, and absorbs 
„^DOn dioxide from the atmosphere. It is 
■ decomposed by water or alcohol. 

According to Andrd (Compt. rend. 92, 
1452), the composition of the salt is 


CaClj-3«aQ,16HjO 
and, on drying in a vacuum, it becomes converted 
■ into CaClj'SCSiOjSHjO. 

When calcium chloride is fused at a bright- 
red heat in a current of moist air, it is gradually 
. cohymted to an oxyofeloride of the composition 
CaCJlj'OaO, and eve^itually to oxide (jGlorgeu, 
Compt. rend. 99, 266). * 

Calcium hypochlorite v. Bleichino powuer. 
CalCilUU^hlorate 0 a(C 103 ), is produced when 
chlorine is ’passed into hot milk of lime, but 
is difficult to separate from the chloride simul- 
taneously formed. This is the first step in the 
manufacture of potassium chlorate, and the re- 
. action is suppas^ to be as follows : — 

60a(OH),+6Cla=Ca(q}0,)3+5Caa3+6H,0. 
According to Lunge ( J. Soo. Chem. Ind, 1886, 
722), th^ reaction really takes place in several 
^sta^s, cuoium hypochlorite and hypochlorous 
aeia being first formed and mutually reacting 
with pi^duotion of <^oium chlorate : 

. (1) OalOCDj+4Cl+2H»0=OaCl8+4HCIO. 

» ( 21 20a(OOf)t+4HC10=Ca01,+Ca(C10,),+4Cl+2H*0, 

* T3ie free ohloriife serves only as carrier of 
the oxygen of two molecules calcium hypochlor- 
it0,to a third molecule of the hypochlorite which 
oxidised to chlorate. Lunge’s expriments 
; iffiow that the best mode of wonvertmg hypo- 
cMoritc into chlorate is to raise the temperature 
o! \he solution, slight excess chlorine being at 
the tome time presents The heat moduoea by 
•too reao^on on the large scale sufficient. 
Oakidm chlorate can beet be prepared bv the 
electrolysis of a 10 p.o. splution of calcium cnlor- 
ide. The density of the current should be 10 
V ^peses pet square decimeter at the anode and 
deuMe at the cathode ; temperature 60” (Zeitsoh. 
^g^toteoohem. 4, 464). 

: " It- may -a^ be prepared by preoipi- 
tatiy potassiuqi chlorate with calcium sUioo- 
It oiysUlliseB in delt^uescent rhom- 
boidfd Atos. very so^ble iiy|ater and alcohol ; 
^the oiywals ooisiain 16‘5^.c. water, melt 
"when warmed, fad deoompoex hn further 

, ' l^lk l>&ehior»to Oa(C 104 )| may be ob- 

taipad l>y aaimiting pcamhlori^c^d wito oaustio 


--yim 

is extremely deUquesoent amf otystol* 
lises in prisms soluble in alcohol 
» « Calolum bromide CaBr, (m.p. 730^) is formed 
b^ burning calcium in bromine van^, or by 
dissolving lime or oalcimmj^arbonate^ hydro- 
riiromio acid and evaporating. The .siUcy 
needles thus obtained are hydrated, but may 
be converted to the anhydrous salUby heating. 
Calcium bromide much resembles the ohloritte 
im properties, being deliquescent, andJ very 
soluble in alcoHbl. NaBr*and CaBrj solidify 
to form two series of solid solutions with a 
eutectic p<iint at 513”, and on further cooling a 
reaction takes place at 469”, a compound 
NaBr,2Cls.Brj being formed. KBr forms a 
single compound KBrilaBr,, represented by a 
maximum on the freezing-point curve at w7”. 
There are eutectic points at 644° apd 663® 
respectively (Zeitsch. aaorg»Chem. 99, 137). 

Calcium iodide CaT, may also be prepared 
by combustion of calcium in iodide vapour, 
by solution offjime or the carbonate iA hydriodio 
acid, evaporating and fusing the residue id a 
closed vessel. Heated in (^ntact with air, it 
fuses below a red heat, and decomposed with 
liberation of iodine vapours and formation of Ijme. 

Liebig (Annqjea, 121, 222) recommends de- 
composition of Calj by KjSOa for preparation of 
iodide of potassium.^ To prepare the calcium 
iodide, 1 oz. of amorphous phosphorus is drenched 
with 30 oz. hot water, and finely pulverised iodme 
gradually added with constant stirring as long as 
it dissolves without colour (quantity thus dis- 
solved being 13J oz.). The, colourless liquid is 
then decani^ from the slight deposit, and made 
slightly alkaline with milk of lime (8 oz. lime 
being required); the solution is afterwards 
strained, and residue of phosphate, phosphite, 
and hydrate of calcium washed. The solution 
then contains the calcium iodide, which inay, if 
necessary, be obtained by evaporation in the 
form of hydrate in deliquescent needleSUb 

A double iodide of calcium aif&Bilm of the 
composition Catj*2AgI,6HjO has been prepared 
by Simpson (Proo. Koy.'^oo. 27, 120) by saturat- 
ing a hot concentrated solution of Cal. with mclM 
silver iodide. It crystallises on cooliim in loUg 
white needles, decomposed by water. The basic 
salts formed by the alkaline earth metal haloids 
have been studied by the equilibrium relations 
in the ternary system between the haloids, the 
xiOfi^onding hydroxides and water. The basic 
sS Caig 3Ca0.16H,0 is stable at 26” in eont^ 
with solutions containing 28*44 p.c. to 66’08 p.o. 
Cal. (Zeitsch. physikaL Chem. 1917, 92, 89)* 
Calolum iodate Ca(I0,)g is obt^ed by otyt* 
tallising mixed solutions of peftmum iodate 
and calcium chloride. The hydrated salt foiixut 
four-sided prisms whioh effioresoe in the air, and 
become anhydrous when heated to 200”. IVom 
^solution acidulated with nitric acid, it separates 
in trimetrio crystals. The crystala are amu))le 
in 464 parts water at 18”, and hi 102 parts dl 
boiling water, but are insoluble in The 

anhyt&ous salt, gently heated in a poroelain 
retort, evolves 14*78 p.c. of oxygen, mid 54*0^ 01 
iodine, leaviag 31*14 p.o. ol a residue ri^ to 
peqtobasio periodate of oalcium^ Heaieaauate 
strdligly, if^volves more oxygenwnd iodine, and 
leaves Jo *35 p.o. of a mixture of fanta^c pec- 
iodate\nd free Kme, Qijpium iodi^ wmatei 
violently when Wted on oharcoal 
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p7Q|>0B8B (Eng, Pftt;6304, 1884} to 
HM oftloittiii ioda^ as an antis^o. * 

BiMaNs of oatstum. When the sodit&nJ 
salt Kal^O. Is decomposed by calcium ni- 
trate, a^crystaUine "W^dte: precipitate of dicaloium 
periodate CaHjTO, or 2 Ca 0 . 3 H, 0 .Ij 07 is ob- 
tained. When ^ms salt is heated, water, 

S , and iodine are given off and penta- 
i periodate Ca.IgOi, remains (Langlois). 
Galium flaoride CaF, is found widely dis- 
tributed in nature alSdis kiiown*h8 j^wor-«par. 


It 

is the only common mineral in which fluorine 
forms one of the principal consti^.uents. It 
occurs both massive and in beautiful crystals, 
generally cubes or forms in combination with 
the cube. It is a common vein mineral, occur- 
ring usually in association with metallic ores, 
barytes^ colcite, &c. Tt presents a variety of 
colours, sometimes Shading into one another as 
in the beautiful ‘ Blue John ’ of Derbyshire. 
All the co^oic©d specimens lose their colour on 
heating, green specimens being tin most dillicult 
to decolourise completely. Thermo-lumines- 
cence is very mar^d in all naturally coloured 
crystals, a violet light being emitted in most 
oases, Trith decrepitation. Free fluorine has 
been shown to exist in a dark violet floor spar 
from Quinci^, Dept, du Ilh6ne. Crystallised 
colourless fluor spar can be coloured deep blue 
by the. 3* and^-raya of radium, and then shows 
on gentle warming a beautiful green thermo- 
luminescence which fades and changes into the 
p^e violet light characteristic of all fluor spars. 
Debieme found that certain dark violet fluor 
spars smell of ozone. When heated they lose 
their colour and thermo-luminescence and alsc 
peld helium in variable but small quantity. 
On exposure to radium rays the violet colour 
was restored. It is also a constituent in small 
quantities of many plant ashes, of bones, and 
irf the eMmel of teetn. When calcium fluoride, 
obtains? by nrecipitating any soluble calcium 
salt with fliSoride of somum or potassium, is 
heated with water slightly acidified with hydro- 
chloric acid, the precipitate is found to consist 
of microicopio octahedrons. 

Coldiun fluoride is soluble in about 2000 
arts m water at 16*, %nd is slkhtlj more 
)lable4& water containing carbon moxide. It 
iMoIvee in hydrofluoric acid andth strong hydro- 
riorio acid, and is precipitated in the gelatinous 
ifm by ammonia. It is fusible at 902*, cmd 
I used M a dux in many metallurgical opera- 
ions, espeoially in the reduction of aluminium, 
t'^ is decomposed at a high temperature by 
rater vapon^ into lime ana hydrofluoric acid, 
'nsioa with alhaline carbonates or hydroxides 
ielcU oarbonate or oxide of calcium and alkaline 
uori;^ Strong sulphuric acid, on gently 
raanf^ng, decomposes it, forming calcium sul- 
hilO liberating hydrofluoric acid. At (a 
mI llbat ittis also decomposed by chlorine. 
Liter faaated fluor spar phosphoresces in 
i|e darlt ’ There is a considerable industiy car- 
M otk in fluor-spar districts in the oarvmg of 
mamental vases and other articles, the bril- 
varieties being especially in 

^ (Uetan OkC,. WoUet^.dSm. 

rim ^owed that by the a^n of 

CSV ^moltea of mo and oalmam, a 
Wn obtamed, %rhic^ on oontaot with 


cpld w&r libei^tes various. WSfldst 

indioat^ the redi^ion dfl the alhsline earthsl^ 
magnesinm (Ber. 22, ICaqnenne, In 18^, 
[^prepared oaloium carbide at an^ impure amer* 
photts Uaok powder, and Travers obtaSne4^ ^ 
heating togfjth^ Calcium chloride, soCflx^, acri 
carbon. Ir^as not, however, until Ihe advent 
bf the electric furnace that^t hpoame possiWe to 
manufacture a pure carbide suitable for the 
preparation of acetylene. Moissan (Compt, 
Bsna 138, 243) used a mixture of lime 120 ^ams, 
sugar carbon 70 warns, which was heated, in the 
crucible of an electric furnace for 20 minutes 
with a current of 360 amperes crid 70 volts. 

At the temperature of liquefaction of the Kroe, 
this reaction occurs: CaO+SC^ssCaCj-bCO. 
Pure calcium carbide is crystalline, colourless, 
and transparent, but the commercial variety, 
discoloured by iron, is usually brownish-ied. 

Its cliaractoristic reaction is th^crompoffl- 
iio.i of water in the cold, with the liberation of 
acetylene and the formation of calcium hydr- 
oxide (v. Acetylene). 

One of the most interesting developinents of 
the manufacture is the pi^oduction of ‘ nitrolin,’ 
calcium cyanamide Ca(CN)j, from calcium car- 
bide for manurial purposes. The nitrogen re- 
quired is obtained from the air by the Linde 
Company's plant, which produces both nitrogen ' 
and oxygen. The union^f powdered calcium * 
and nitrogen takes place with the evolution of 
heat, hence the temperaUire has to be maintained 
between 800®-1000*, as at higher temperatures, 
the calcium cyanamide decomposes. The ab* 
sorption occupies 30 to 40 hours, and’the product . 
is a ookclike mateiml which is ground to powder - 
before being placed on the market {v, NiTBpoUT, 
Utilisation of atmosphbeio). 

Calcium Carbide, Manufacture j)f. The com- 
mercial manufacture of calcium carbide is 
credited to Willson in Cimerica and H6roult in 
Europe. It was started in the early eighties of 
last century, and by progressive dov^pment 
acquired the distinction of being the la|geat 
consumer of energy in the electric fumao® 
industry. This continued f^xtension respited ui 
a better design and increased size of furnace, 
together with the necessary equipment for 
handling large quantities of raw materials and 
for preparing the carbide for the market. 

The chief factors which have to be considered 
in the choice of a site for a carbide factory are 
supplies of raw cnaterial consisting of limestone 
and coke, or anthracite, and an abundant source * 
of cheap electric power, large works have 
consequently been established in places where 
a praoticftlly uiRimitod supply of water power kf ' 
available. Hence, idlest progress in the mdustry 
has been witnessed in Norway, where— excepting 
coal — other demands are amply satisfied. 

The raw materials used in the maxLufaotisra 
of calcium carbide should be as pure as posoihle. 
Special attention should be paid to ootainiM 
them free from phospho^ sulphur, 
magnesia; silica, iron, and ^alumina should be.^ 
present only in Small quantities (v. Withsriqgm, 

J. Soc, €hem. In4Jl913,lld). 

Phosphorus in^fiattione caJoliitti 

phosphate, is reduced at me terapwature 
the fumaoc, and isi the pretmoe of carbon, to 
oaloium ph^hide, which, brotu^ Ikitn 
oontaot with ^ter, 
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HbH pu mixes the loatylene, Bonte's is th^ eimidest type, oodbte ol * 
m tb^ tpijSsu^'m lighted, eaulBs a haze Isige iron orooible Imed on bottom with # 
ef phbephoru# pintoxidh, which is very obje<j-i myer of oarbon, this forming one^te^hud of 
tiopaible. So •carefully, however, are the raw we electrical circuit. The othei^ tenaiiud* is 
Qumldlds i^eleoted that all qpmmerciai carbides formed of a carbon tod] which is cAa^nded 
ate praci^ally free from pbospnoevA, the average vertically in the crucible, and provided with 
eontent m acetylene being less tlfiin 0*002 p.c. some form of mechanioal hoi|t to give a vertical 
by volun^. (F^r # method of examining corft- motion to the rod and holder, which together 
metcialoarbide for calcium phosphide based on may weigh as much as one ton. To ^rt the 
that of Lunge and Cedercreutz, sec Dennis and furnace, the moving electrode is loweim, until 
O’Brien, J. ind. Eng. Chem. 1912, 4, 834.) • on passing a current an afo is formed with the 

'Sulphur, uii|e§s, present with considerable carbon bottom. The mixture of lime and coal 
amounts 6f alumxba^aoig^jrtlc influence on the re- pi^viously prepared and stored in a bin above 
suiting catWide. Calcium sulphide, formed in the the furnace is fed in around the arc until 
furnace by the reduction of calcium sulphate, does entirely* covered. • A current of 2000 am|durea 
not decompose in the production of acetylene, and 75 volts was used in the early Willson 
but in the presence of alumina, aluminium sul- furnace. The arc being started, interaction 
phide may be formed, which yields hydrogen soon commences between the lime .and the 
sulphide ^en brought in contact with water, carbon, producing a port of carbide, which 
Very little trouble, however, is experienced with gradually deepens, necessitating frequent lifting 
sulphur, as the lime and coal used in the manu- of the electrode to keep the ouirept constant, 
faoture rarejy contain a prohibitive quantity. The process 48 continued until the furnace is 
Magnesia has the peculiar property of full, when the crucible is wheeled out and an 
interfering with the formation of c|leium carbide empty one substituted. Vi|||cn sufficiently -cool, 
in the furnace. If more than one p.c. of magnesia *tho contents are dumped on to a gratir^ to 
be present in the lime and coal, the electrical separate the unconverted mixture, and the ingot 
energy required becomes noticeably so much removed to a clcAring room, where the crust is 
greater, that . raw materials containing such removed and the blqpk of carbide broken up. 
impurity are considered imfit for use. A flux In practice four tons of raw material were 
of fluor spar has b4ln used to counteract this handled to produce one ton of carbide, and ttie 
effect, but with little success. Magnesia mixed process was also unsatisfactory on account of 
with carbon apd heatdd in the electric furnace the varying quality of the product, which, 
does not form a carbide and is highly infusible ; though pure carbide in the centre, was only a 
under sim^r conditions barium and strontium fritted mixture of lime and coke on the crust, 
oxides form carbides with ease. In order to improve both the quality and out- 

Silica, iron oxides, and alumina form silicates, put the American makers adopted a rotating 
aluminates, and ferro-silicon, which reduce the furnace, of which the Horry furnace is the 
purity ofthe carbide and the output of the furnace, best-known type. This is built in the form of 
The prejiaration of the raw materials in a spool with wide flanges fastened to the drum, 
carbide manufacture is of much importance, producing three sides of a square in cross- 
owing to the high temjleratures employed in the section. The fourfli side is formed by a remov- 
reduction of the lime. Water in Uie free state able plate, clamped across the flan^. Two 
in the ooal, or combined as hydroxide in the electrodes, suspended vertically,* form an arc 
Ume, should be entirely eliminated, its presence in the furnace, a single-phase current of 4000 
reducing the output of the furnace in very serious amperes and 76-80r volts being employed, 
proposilons. The coal is, therefore, thoroughly The electrodes are fixed, bb* the furnace is made 
dried at a low heat m some convenient type of to rotate at a peripheral speed of about 0 inches 
oven or rotary drygr. The limestone, consisting on hour. In operating the furnace a layer of 
of calcium carbonate, requires a high tempera- broken coke is placed under the electrodes* the 
turo*to drive off the carbon dioxide, ana the arc is sprung, *and the charge of lime and cod 
operation is usually conducted in some type of fed in until the electrodes are covered. As the 
mne kiln fired by coal or gas. — the Albv works (^Ude is formed the rotation brings the 
at Odda used producer gas-ffied kilns-^r the electrodes into contact with a fresh charge, while 
UmMl^e tnay be burnt in specially constructed the fluid carbide slowly solidifies, to an ingoi 
ch^hers, usuig gases evolved from the manu- shape, and is detached in large blocks at the 
faolqfe of the carbide. The ^gradients were rear end of the furnace. In a |i[)^ifioatiQn the 
fonherty ground fine to ensuif a unifotm pro- fused carbide is made to pass throiwh a die 
duct, but this is no^ fownd unneooessary, and which separates the fused carbide from the 
rile limestone is reduced by crushers to I~2 inch unreduced mixture, and cools the carbide 
size, and the coal to moh mesh. They are sufficiently to determine its shape, whence it hi 
riien weighed and mixed roughly in about hrithdrawn progressively and detached in the 
theoretical p™ortions required by the equation form of a pig devoid of crust. ^ • • 

ChiO+8C)»*CaC*-f CO, or approximately 100 In Europe the early pot fuftaaoe was mosk 
j^arta bjr weight of liipe to 66 parts by weight changed to a tapping furnace, 'whieh the 
of the carbon eantents of the coal carbide was heated until sufficiently fluid to 

The #pe8 of electric furflaoe which have be run into cast-iron moulds. The emte 
been In rife niinufactore of carbide may fomaoes were similar in fomf to the pot 
be rouipdy div||td into riit inte^ittent and one suspended electrodn, but it tRhA 

eOSltaious foniia. In the fint*and earlier dimoult ta get the desired tempefattuh 
the 0Ae|14%4<ras alloirld to solidify in the fiuidi^. Two or mogg^ deotrodMI W* 
oruoibfri ind faenee known as ingot intremoed, and the piilfesB in efectno 
htmioe, Tldiyipr pot %rimoe, o! wmoh design lor high :^perAtuTeB followed Impfym 
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in the citfHde industry. The fur- j carbon ij^qxide, with carbdH dioxid® and mbm, 
naoe, as constructed by Al^ in Sweden, used a whioh»ar(i ea^y remotablb in pra^tioe aa the nm 
si^le*phas^altemating ourlent of 1600 kUowatiS, impurities Itoaces ^ nmif deisigned entiwfy 
and pmuf^d 60-60 tons of carbide per week.0 Mosed in, so that ewved gas ^an be utilised 
The electrodes, xfiiicJi in the early days of forbeating purposes, and by so domg smo|c!i||inis- 
the industry were obtainable only in oompara- ance and ex^TMjiveVadiation of heat is ayolded. 
tively small sizes,^ could later be purchased up The typ®of furnace as covered Helfen* 
to 22 inchec square and more, and were also dtein’s patents illustrate the |aain features of 
used by some manufacturers as an assembly of interest in connection with mechanical charging 
smaller ones. The working temperature in' the and other general problems of management ot 
furnace attained 30(r0® C., tho^igh the casting tlce electrical furnace for the manufacture of 
temperature may be somewhat lower. To carbide. Fig. 8 shows an elevation and section 
withstand such a great heat the furnace, which of an 8000-10,000 kw. single three-phase fumaCe. 
is constructed of steel framework and plates, About 8-10 metres above the bottom plate is 
has to be lined with some refractory mat«rial,pre- a charging floor, where the raw material is 
ferably as inert os possible towards the elements brought, as in blast furnace plants, by tipping 
of the charge, and, where the heat is most intense, waggons to the charging apiiaratus at regular 
water cooling tubes may be built into the lining, intervals. Tlie charging arrangements con- 
It is necessary also lo insulate the electrodes to sist of a large mixing oliamber, which can be 
jwevent short circuiting through the furnace con- closed gas tight, communicating witft'the body 
struotion, as aiso to make a gas-tight joint where of the furnace, through which the central 
the closed torm of furnace is emj)k)ycd. 

Considerable progress has been made in 
attaining size andc efficiency by the use of 
multiphase current®, which lias resulted in 
advantage not only to the carbide industry but 
also in the manufacture of^.ferro silicon and 
other ferro alloys. Acoo^r/ling tcT flelfenstein 
and Taussig {Seventh Congress of Applied 
Chemistry), t^e largest power consumption 
ossible with a built-up electrode amounts to 
600-3000 kw., the current being 30,000-40,000 
amperes at 75-96 volts at the electrode. In a 
three-phase fumac«— the only type used for 
large utiits — this means a total power con- 
summion of from 7600 to 9000 kw., or 10,000 to 

12.000 h.p. In the manufacture of carbide a 
further step has been taken in the construction 
of double three-phase furnaces, in which in the 
same hearth six instead of three electrodes are 
employed, connected to two separate three- 
phase iriSIts; the power required being from 

16.000 tcJ*18,0%0 kw., corresponding to a produc- 
tion of from 80 to 1 10 tons of carbide in 24 hours. 

In this modification therl is no increase in load- 
ing, but it is interesting as showing that the 
power capacity so attainable is unlimited, whereas 
a^y at<»mpt to increase the power of consump- 1 Fio. 8. 

don beyond 2500 to 3000 kw. ner electrode is " 

found to be impracticable unless the furnace is hanging electrode, of 3000-4000 k.g. weight, 
Ijperated by entirely special methods. passes, being thus surrounded on all sides by the 

In open furnaces the heat due to the bufiiing mixture. The mixing reservoir, which has a 
of the gaseous products of the reaction is SJo capacify of fromnSOOO to 7000 k.g., is fed con- 
great, tfiAt even with less than 3000 kw. per tinuously as the material is used m the process 
eieotrode special protection against the heat has through large pipes from the charging fio(« 
to be provi^ both for the workers and the above. Wide slits provided with gas-tight 
eleptricel pladt. Simultaneously the gases covers tare maSe in the <jtop of the furnace* 
evolved become a serious nuisance in open proper, near the m^th of the reservoir, for 
earbide furnaces, and smoke is developed ms- observation and control of the process, 
proportionately as the power is increased, for When no more profitable use of the ws^ 
which reason it is not advisable to exceed gases is r^uired, their immediate application 
■\8090 lew. electrode. Another obstacle to in preheati^ the charge can be carried out aa 
too use of higher concentration <#power is the illustrated in Fig. 9. The general form of the 
mffionhy of ^tisfactorily charging the raw furnace is the same as Fig. 8. It k see%toAt 
mateiiijB into the furnace sc as to keep the in the upper part of the hearth there k a ga»-, 

! ; ejbetrodes uniformly covered, any undue expo- filled comer space bounded by the natUwdly 

f ’ o^teling to fuming, or distillation of material sloped surface of the raw materiak ; by hlowiitg 
jtouvemealiag. or sucking air in ^ the nozsij^ as inoicated hi 

^ tbf oapadty of the fumaoe % inoreoied the diagranft thk %>ace k oonfseted into a 
; of toe gases produced by the bustion chamber, the gases bnm^ in pontaot 

tMotom Mobes of giaiter economio moment, with the mixtUK oi rnateri^ m the heasto* 
In the carbide furnace 70-85 p.o. of the gases k In onotoer Anstrlui mc^oat^ toe furnace ' 
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proviW %itli tJlll^lPging vessels m, thL ten of 
^aftt 8iaiilftr*p de^a to l^felfenstdbV 
VriUi a branob M takin§ oS the waste gas^. ^ J 
^e A.G.. works near Cologne, which are^ 
etwfflhb of producing 200 tons of carbide a day, 
are des<^bed by Alunand and vSilliams (J, Soo. 
Ohem. Sd. p. 30f Jt., 1919). fhe power is 
obtained from fiwe three-phase turbo-generatofs 
of 11,250 kw. each, and three smaller ones 
capable of suppling power and current for 
seven furnaces. When visited, two of the laj^ge 
gpnerators were working four furnaces, 3000 
kw. being consumed on power and light. The 
furnaces dlftisist of steel plate shells 30 by 14 by 
10 feet deep, lined with 18 inches of firebrick, 
the hearth or crucible being afterwards rammed 
with carbon concrete. The electrodes 50 by 20 
inches cross .section, and 7 feet 6 inches ro 8 feet 
In length^ere built up of sections 20 by 20 and 
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20 by 10 inches, Flange, boss, and contact head 
of each electrode were separately water cooled, 
and the current was carried by groups of flexible 
copper wires suspended by (^jiains, each with 
separate electric motor control. The furnaces 
were of the open type, the smoke and dust being 
exhausted from openi^s in the back wail of the 
» furnace. 260 tons hme to tons pf coke 
per day were required atifull working pressure. 
The iWe was passed through a 4-inch ring, and 
the coke was in pieces 1 to 3 inches across. The 
electrode consumption was flvo kilo, per ton of 
carbide. One tap hole was tappeel in each 
furnace every 46 minutes by an arc tapper, and 
each furnace was provided by three tap holes 
p^ed below the three electrodes. 

' The ei^sequent treatment# of the carbide 
requires special maol^ery, according to whether 
the material is tt^be used foPthe preparation of 
acetylene or for manufaofure of|cyanamide. 
In me. former case the clean ingots are broken 
bito huge bftekt and fed into jaw crashers, 
frw whence itt^pasi^ for gfmolation through 


^ {flow-moving rolls, the object being to Ittain 
' desired state of division with a minimum 
iuetion of dust. Tile crushed material is 
|n trommels or rotary screens, which deliver iSm 
product in sizes varying ^m lar^ lumps 
8 by 4 inches, for the manufacture of acetylene 
on a large scale, to 16-30 meaji size, for automo- 
bile lamps, &c. A sheet-iron ^ant,‘ where 
steel drums and air-tight cans are manufactured 
(for storing and transport of the carbide, is% neoM- 
sary part of evefy works. Tihe standard packages 
are 100, 110, 200, 220 lbs. net weight oi carbide, 
and small^tins from 1 to 26 lbs. for lamps. 

The largest use of calcium carbide is for 
making , acetylene, but the cyanamide (q'.v.) 
industry is dependent on calcium carbide *for 
its manufacture. For this purpose it is necessary 
to reduce the material to a fine state of divisior^ 
and to prevent oxidationi» and explosion it is 
[ usually performed in an atmosphere of nitrogen. 

1 The manufacture of calciu|pi carbide at 
prices prevailing in normal times depends upon 
the supply of cheap electric power. Norway, 
having abundance of waterpower and deposits 
of suitable limestone, has Idng been the largest 
producer of carbide. According to C. Bingham 
(J. Soc. Cheni. Ii^. March 16, 1918), to produce 
a ton of raabide Teq^iiirea 4260 units of electric 
power, this figure including not only the current 
required for the furnaces themselves, but that 
absorbed by transformers and* leads, as also 
that consumed by motors to drive crushers* 
elevators, pumps, and drum-making plant. The 
coat in Norway with cheap w|ter power amounted 
in normal times to 22.«f. to 25^. per ton of 
carbide, and its selling price was £10 16^. in 
England. 

The only factory in Great Britain was at 
Thornliill, Yorks, which, owing to lack of 
electric power, was removed to Manchester, 
where a largo plant has been built. At 0’4(f. 
per unit the cost in Groat Britain fn^ current 
alone would bo £0 35. id. per ob carbide, 
but if the process was run in connection with 
blast furnaces and coki» ovens having a surplus 
of electric power or mus for the manufacture 
thereof, it is calculate that this figure could 
be reduced to £2 JO 5 . per ton of carbide, 
reckoning O’llrf. per unit for depreciation afltd 
running cost, and 2d. per 1000 cu. ft. for gas 
used in gas engines consuming 27 cu. ft. per 
kw. hour, or for the 4250 units mentioned, a 
efst^f 19?. 2d. 

The Nitrogen Products, and Carbide Co., 
Ltd., amalgamated with the Alby United Carbide 
Factories, Ltd., have acquired the St. Helens 
Colliery and Coke Ovens, Workkfton, with the 
object of producing carbide and nitrolin in this 
country on an oconomioal basis. Electives 
are being produced at Hebbum-on-Tyne, 

« Calcium carbonate CaCOj occurs naturafly 
m the forms of limestone, chalky marNl, ana 
calcite ; it also constitutes the c^cipal in^ee- 
dient in egg-shells, mollusc-shells, emd 0071^ ' 
It is formed when the oxide or hfdroxid© is ex- 
posed to moist air containing carbon dioxldei 
but is hot produced by the action of dry cariuMl 
divide on dry lime. It mey^ obtdMed 
th4puro skate by dissolving ohiik,or martfle^ oat 
calcined oyster-shells in hydroohbrio aoidf prie* 
cipitaltog the alumina, ipide of irai{ aid ewril^ 
phosphates by ammonia or milk of lime, fikering^ 
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the ealoium \ity ftfinmeniuBi 
4arbo^te> wm^iing and diyi^. 

Cftfdum carbcmte is dimorphous, orystali 
hstng la thi hejcagonsl system fts oaloite (q.y^ 
lend ia« rhomhio# system as aragonite 

A litre of water dissolves about 18 milligrams 
of cedcitim O(^rbon^te. The solution has a slight 
alkaline reaction. Gothe (Chem. Zeit. 39, 306) 
gives ^e solubility of CaCOs in water free from, 
COa as being 31*0 mg. per litre.* It is increased 
by the presence of chlorides, nitrates, and 
sulphates in the water, but decrease^ by alka- 
line carbonates, and by chlorides, nitrates, and 
sulphates of the alkaline earths. Wh^ boiled 
with water CaCO* (Gazz. chim. ital. 47, ii. 
49) slowly dissociates with evolution of CO*. 
This dissociation stops at a certain point, and is 
prevente*d, if a solution of Ca(OH )2 {saturated 
at the ordinary temperature) is added to the 
boiling calcium carbonate in water in the pro- 
portion of 16 i!.c. per litre. Sodijim carbonate 
(0*05 gram per litre) prevents dissociation. 
Seyler and Lloyd (^hem. Soc. Trans. Ill, 994) 
find that the ionic Solubility product of calcium 
is [ga-]-[CO8*']=71*9xl0-i®, which gives [Ca"] 
s=14*6xl0-* for a saturated solution CaCOa 
in pure water. In this solution th^corbonate is 
hydrolysed to the extent' of 66 p.c. Water 
containing carbonic acid dissolves it much more 
readily, forming the acid carbonate CaHaiCOa)!, 
which is known only in solution. Solubility at 
higher pressures in water containing carbonic 
acid follows the law of Schloesing pretty closely 
(Engel, Compt. rend. 101, 949). The solubility 
increases under an increase of pressure only up 
to 3 grams per litre according to Caro. One 
litre of water saturated with carbon dioxide 
dissolves 0*7 gram of the carbonate at 0®, but 
0*88 gram at 10®. The solubility of calcite in 
water, determined at different temperatures by 
bubblii^air containing 3*18 parts of CO* per 
10,000 t^itiU saturation occurs, expressed in 
parts of CaCO* per million is : at 10®, 82 ; 21®, 
00 ; 22®, 67 ; 23®, 67 ; 30®, 56. Cavazzi (Gazzi 
chim, ital. 46, ii, 122) finds that the maximum 
d^muitity of CaCO*, which after prolonged 
^itiddng^ dissolves at 0® ^n one litre of water 
Saturated with CO* and maintained so in the 
presence of the gas at atmospheric pressure w 
r66 grams (2*6272 grams Ca^HCO*)*) ; at 16®, 
1^762 CoCOi (1-9038 Ca(HC03)*). A buj^bt- 
saturated solution is obtainable, containiftg 
2*29 grams CaCO * per litre. This acid carbonate 
■ phtys a most important part in nature, for 
whenever water containing carbonic acid comes 
in contact wiiacarbonate or silicates of calcium, 
the calcium is gradually converted into this 
IK>luble form, and is therefore found in almc^t 
a|| Natural waters. Hence also the depomts 
lit ke^les and boilers ; the formation of wM^ 
w prev^ted by the addition of ammonium 
to th% water. 

Oaleiom carbonate, when heated to full 
neM in open Vessels, is decomposed into lime 
nlid esarbon dioxide. The decomposition com* 
s at a low red heat, and in a current 
better steam, the temperature of dis- 
til later stilL The tensi^ of Ifia- 
equal to the pressure of the 
Ls Ofaetelier (dS^pt, 

1#, 1248), SIS’- 


i 



rapHiV, pae awwaonary, ^ 

80ciat4on|ia 9^. At i4t® ^ t^ikion M 
.dissociation is 27 mm, x at 619*^40 mm.; at; ' 
626®, 60 mm.; at 7#, 245 mm*; 818V . 
678 mm. ; and at 86^, 1333 mm. H th^teftr- 
bonate be lin a closed vessel, it fuses, 

resolidifyingfo a mass of • marble-like caicito. 
According to Becker (Jahrl# Mip. 1886, I, Bet 
403), any'form of CaCO„ even at a low pressure* 
is changed on heating in a closed space with 
exclusion of air into the rhomb^he^ol form 
without fusion. The crystalline forms of calcium 
carbonate dissociate very slowly below 400® j 
at this temperature the dissociatiom pressures 
are of the order of 0*003-0*009 nr.m. At 425’ 
aragonite is transformed into calcite within an 
hour when heated in a vacuum. Besides the 
two wfll-knowTi forms a third crystalline form, 
referred to as uCaCO* (Merwin and Williamson, 
Amer. J. Sci. 41, 473), is obtained b^recipita- 
tion at 60° along with calcite and aragonite. 

It has D. 2'64, and can be separated from calcite 
D. 2*71, and aragonite D. 2*88 by fiStation in a 
liquid D. 2*6. If small quantities of the pre- 
cipitated carbonate are thrown into a fused 
mixture of sodium and potassium chlorides in 
equivalent proportions, no carbon dioxide is 
evolved, but the carbonate becomes crystalline 
calcite, usually in aggregations of crystals like 
snow crystals (Bourgeois, ^ulL Soc. chim. [2] 
37, 447). 

Penuhydrated calcium carbonate 

CaCOj.SHjO. 

Tho evaporation of natural solutions of the 
acid carbonate generally results in the deposition 
of the ordinary carbonate, forming the stalac- 
tites and stalagmites of caverns, travertine, and 
other forms of deposit; but sometimes the 
solution yields six-sided rhombio prisms of the 
composition CaC 03 , 6 H* 0 . These crystals are 
often found in pumps ifhd pipes leading from 
wells, also adhering to the conferva in ponds. 
They keep unaltered under water at 20®, but at 
slightly higher temperatures lose their trans- 
parency and water of crystallisation » In air 
they crumble to powder thfough loss a| water 
(Pfeiffer, Arch. Pnarm. [2] 16, 212). This salt, 
according to Pelouze (Ann. Chim. Phys. [2] 48, 
.301), is obtained in small abute rhombohedra, 
sp.gr. 1-783, by boiling lime in a concentrated 
solution of sugar, starch, or gum, and leaving 
the solution for some months in a cold place. 
Booquerei, by eiiposing a solution of lime in 
sugar water to a voltaic battery of 12 cells, 
obtained crystals of the same composition, but 
in form of rhombic prisms. 

Basis carbodhtes of lime. Calcium oadde' 
commences to absorlAjarbon dioxide at a tem- 
perature of 415’, forming a basic carbonate of the 
composition 2Ca0*00| (Bimbaum and Hahn, 
Ber. 12, 1647). 

Baoult (Compt. rend. 92, 1467) dioWB t^t 
when freshly burnt lime is heated in a oumat df 
carbon dioxide, it glows strongly, forip^. 
2C^O*CO., which does not disintc^te in molfft 
air, and does not ti^e up water mm atemn at 
200’. When findy po^med and treated 
a little water, it Adens like Mranlio cement. 
The hydratad . product has Jlhe composttkA 
OaCO«-Ca(OH)» On heating redhesH, it 
loses water and is oonvertea mto a mixture of 
CaCO* and CaO. • 



^hsA bntnl Erne iB heatod in ooiitaov^th I 
«9irlxm dioxida for sworal days, the i)asio saH t 

jK!kCOy*Ga0^1itame(Lwhich atill ab£i^ COs J 

fming a third salt dC&CO|‘CaO. The oarbotp 
im^xt ^nttnues to be absorbed, however, 
ttmiUppaiiiv eventnaUy to flrdijbhe normal oar- 
h^ta.T^ 

Calehun nit|j^j|iDasN| is best obtained by 
passing dry nitrogen over metallic calcium con- 
tatned in a nickel ooat and tube heated to bright 
redniMS. Two to three hours are required, qjjd 
the resulting material is fritted and possesses a 
brovmish^red colour. Its fusion point is about 
1200® ; Bjagr. 2*63 at 17®. When thrown into 
water it princes a lively effervescence, yielding 
ammonia and calcium hydroxide 

Ca5Na+6HaO-3Ca(OH),4*2NH, 


(Mciflsan, Ann. Chim. Phys. [7] 18, 280). The 
nitride, heated in a current of hydrogen, gives 
a compound having the formula CajNjiH^ 
(Monatsh. 34, 1686). 

Caloiunpammonlum Ca(NHg)4 is formed when 
a current of dry ammonia gas is passed over 
metallic calcium, maijit^ined at a temperature of 
10® to 20®. It possesses a brownish-rod colour, 
and takes fire when exposed to air. 

Calcium amide Ca(NHa)4. Calcium am- 
monium slowly decomposes, forming transparent 
crystals of calcium ^mide, hydiogon and am- 
monia being evolve* 

Calcium imide Ca^jH is formed by passing 
equal volnpaes of hydrogen and nitrogen over 
heated calcium. It has not been obtained pure 
(Monatsh. 104, 1086). 

Calcium nitrite Ca(N02),,HjO is prepared by 
decomposing a boiling solution of silver nitrite 
with lime-water, treating the filtrate with sul- 
phuretted h;jdrogon and carbonic acid to remove 
excels of silycr and calcium, and evaporating at 
a gentle heat. It C|ystallises in deliquescent 
prisms insoluble in alcohol 

Calcium nitrate Ca(N08)|,4H20 occurs as a 
silky efldorescenoe in limestone caverns, especially 
th^ of Kentucky, also on the walls of places 
whera^there is muioii organic refuse. It is found 
in many well waters, being derived from the soil. 
It is extremely deliquescent and soluble, and 
causes rapid disinlagration of mortar, and hence 
is called ‘ saltpetre rot.’ It may be prepared 
by dissolving the carbonate in nitric acia, the 
solution depositing on slow evaporation mono- 
clinic aix-sided prisms terniinated by acute 
pyramida of the above composition. On evapo- 
ratiog the solution to di^ess, the anhydrous salt 
of sp.gr. 2*472 is obtomed, possessing a warm 
» bitter taste and rqi^y soluble in w^r and 
Sioohoi On heating mote stoongly, it becomes 
phosphorescent, as noticed by B^dwin in 1674, 
and hence is termed Baldwin* s phosphorus. At 
a higher temperature, oxygen and nitric peroxide 
are evolved, and with combustible bodies detona- 
tion occurs. The nitrate is formed with libera- 
tion of nitrogen when nitrogen peroxide acts on 
Ihpae, whatsoever be the conditions of tempera- 
ture 20a0-WSN0t^ 2CliNQb)i+0*6N|. It is 
wrtendvel^ prepared on toe Continent for the 
toanufactore of^tn by nixing veKetable and 
: annual ze^ee Into chalk, fnarl, adders, &o., 
melateitoig ^urtime to tone with liquid stable 
nukiwe, ani ainosing to toe air for two or 
tl^ years, i toe ma8% is Uzkiated and 


the muh nila».tt ot calcium Momfoiea.bl^, 
carbbnat^. sulphate, or ohloxidb oi potaatota^ 
4arge quantolss calcium nitrate lito now 
nroduced by the Haber prooeAr At toe 
Iv&lgfos works, Koto4d« ^6,^ hip.), and 
toe Ryukan works (120,000 h.p.^ to be increased 
to 3(^,000 h.p.), the nitrous fumes from the 
Birkeland and £yde fumacef or t))e Schonlmif 
furnaces are ab^rbed in granite towers and 
/he waters' neutralised by limestoUl. The 
wet method of absorption is now being replaced 
by a dry method, which does not necessitate 
the use pf towers, the nitrous fumes beiog 
absorbed oy passing over lime kept at a tempera- 
ture of pbout 300®. The conversion to amnio- 
nium nitrate cannot be aocompUshed satis- 
factorily by the interaction of ammonium 
sulphate and calcium nitrate owing to the fine 
condition of the calciuq^ sulphate, but this 
becomes crystalline if heated in an enolosed 
vessel to 150®-! 76®, which can toen be readil|r 
separated. . * * 

Calcium pnosphide. Moissan (Compt. rend. 
128, 787) prepared calcium^hosphide from pure 
crystallised calcium and rwl phosphorus. The 
two bodies were placed apart in a tube \jhioh 
was exhausted and tlie phosphorus was gently 
heated. Tlj^- vapours evolved combined with 
the calcium with iflcandesceneo. He also ob- 
tained it by reduction of pure calcium phosphate 
with carbon in an electric furftace, using 310 
parts and 96 parts respectively of the ingredients 
and a current of 950 amperes and 46 volts. Bo 
obtained, it is a brownish-red body, crystalline 
when prepared in the electric furnace. Its 
characteristic reaction is the decomposition of 
water in the cold with the production of calcium 
hydroxide and hydrogen phosphide. Prepared 
by either of the above methods, it has the com- 
position CagPj. 

Thonard (Ann. ^ Chim. Phys. [3] 14, 12) ob- 
tained calcium phosphide mixed with phosphate 
by passing the vapour of phospl:|pru%over red- 
hot lime. The substance may be prepared on a 
larger scale by filling# oruoible with a hole in 
its base with pellets of lime, and placing it upon 
the grate of a furnace. ^ flask oontainum phos- 
phorus is placed beloy the grating withiito neofc 
passing into the hole of the oruoilm When too 
ume has been heated to redness, the phosphozui 
is gradually heated so that its vapour passes^ 
through the lime. The brown mass is sta^ hy 
QtnAin (Handb. 3, 188) to be a mixture of mono-, 
calcium phosphide and trioaloium phosphate. 

When thrown into water, the product is in- 
stantly decomposed with evolution of spon- 
taneously inflammable phosphoisAed hydimns. 

Owing to this property, oaloium phtMpdbi^ is 
utilised for the production of signal fires, at sto- 
The manufacture is carried on in an anaiu^- 
^ent similar to the above, the orueibiM 
Wger and divided by a falw perfprate4^ottooi 
into two compartments, in toe j^pper m 
the pieces of Ume are raised to a red boot, the 
phosphorus placed in the lowe# oompoztnisiEh 
oeing afterwards volatilised by the beat ladlMljid 
from algive. In about 0 hours, a dmffi 
gelding 20 lbs. of product, is finishtfft Tpo 
n|wn stony mass is immediate^r worked up mto' 
toe* light!' Theto consist of qtdindiicaltoB^ 
iron ftoxes, the lower h^ of whidbisJUlol 
about 16 oz. of toe ingmenti of pitos|i||iy 



amlU citcular porfcioiui of the upper end 
under Btiifaoes of metal are formed of soft leacL 


Mi that the3Lmay be piero^*by a kidfeTust'b^ Lis also soluble in water ^ontainin&oarbonio 
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foft beiim tl^fown overboard. The tins are sui 
ported a woodeif fleat when in use. The 
water enters below and the gas issues from the 
upper outlet, bulging with a flame 9 to 18 
inches high, lasting about half an hour. Larger 
but simflar ‘ lights ’ are prepared to be placed in 
a buofcw of water on deck. In the British N&v^ 
torpedo practice, a peculiar foiha of the phos- 
phide is also used. 

Calcium phosphite CaHP03,H,0 cseparates 
as a crystallme crust from a solution of the 
ammonium salt mixed with calcium ehloride. 
It is sparingly soluble in cold water, and the 
solution decomposes when heated, depositing 
a basic i^lt, an acid salt remaining dissolved. 
It gives ofli its watdlt at 100°. It is a white 
crystalline powder, which, on heating, evolves 
spontaneously inflammable phosphoretted hydro- 
gen, accompanied by slight detonations. At a 
certain temperature, it becomes incandescent, 
and leaves a residu^^f calcium phosphate. 

An acid phospnite CaH4(P03l2,H20 is ob- 
tained as a crystalline cnist by acting upon 
marble with aqueous phosph^ous acid as long 
as carbon dioxide escapes., The ciust consists 
of needle-shaped crystals soluble in water, and 
losing their water at 100°. 

Calcium hypophosphitc Ca{POaH2)8 or 
CaH4(P02)j is used medicinally, and is prepared 
by boiling phosphorus with mOk of lime 
3Ca(0H)t+2P4-f6K20=2PH,-f3CaH4(P02)j. 
On evaporation the hypophosphitc is obtained 
in monoclinic flexible prisms insoluble in alcohol. 
When heated it evolves phosphoretted hydrogen 
and water, leaving calcium pyrophosphate. 

Calcium orthophosphate Ca,(P04)i occurs 
pure in the mineral oateoliie, and as 

^ V Ca3(P04)2,2H,0 
in ornithitf, (fombinod with calcium fluoride or 
chloride, it occurs in nature as apatite 

3Caa(P04)a+CaFg 

in whichgform it is found in large crystals in the 
xnetamorphic limestones ift Burgess, Ontario, 
Canada. Tho massive variety, phosphorite, is 
BQ^ed on a large scale at Odegarden, Norway. 
lH'i certain apatites, the CaF| is more or less 
replaced by CaClg. Specimens of apatite un^ 
phosphorite are occasionally coloured brown, 

• mauve, and green, and become colourless on 
heatup. Apatite is phosphorescent when heated, 
especially aftein^posure to radium. 

Calcium phosphate also forms a principal 
opnstituent of the coprolites frequently found in 
extensive beds in the stratified rocks. This 
malerial forms the principal source of the rock 
]^hosphate of commerce. It is the chief in-< 
‘^soigaibk^ of bones, forming about 80 p.c. 
of Dumt bonts.* 

Xt w obtainttd in the amorphous state by pre- 
an ammoniacal solution of calcium 
, with excess of hydrogen disodium phos- 

«|?he precipitate is g^tmous, but dries 
^ ^ A White eai^ty powder, nearly insoluble k> 
^ Composed by long boiling into an 
> b^lfalt of the oom^sition 
C»,(PO,',<!l!tPOJOH 


ftnd Vt soluble aSd Balt Tliia laaotioa Vio 
occurs slflwly in the ocfldi Oakjjpm pho^hate. 


(1 part in 1789 parts, S water saturated with 
carbon dioxide), animonium salts, sodiuiy ni- 
trate, sodium iHl(hlde, and other salts. Its 
absorption the roote of plants is therefore 
promoted by the agency of laUqp solutions. 

Bassett has shown that only two phosphates 
more basic than dioaloium pho^hate exist j 
these are tricalcium phosphate CasPgOg and 
hydroxy apatite (CagPiOglajCalOH)^. The 
latter is the only stable solid phase over a 
range of acidity of great practical iigiportanoe, 
as it can exist in faintly acid, neutral, or alkaline 
solutions. It is probable that this compound 
is the only calcium phosphate that can per- 
manently exist under normal soil conditions. 
Bone phosphate is considered to be a mixt^ 
of hydroxyapatite and calcium oarbdhate, with 
small amounts of absorbed bicarbonates of 
sodium, potassium, and magnesium. 

The melting-point of calcium phosphate is 
1560°. It is not reduced by CO, but H reduces 
it at 1300° to ^ mixture.of j.'aO and phosphorus. 
Carbon begins to reduce it at 1400°. It is not 
decomposed by silica in a neutral atmosphere, 
but a chemical combination occurs at 1160°, 
and the product is completely reducible by 
carbon. The compound qas the composition 
3Ca0,3Si0g,P|03, and is indicated by a strong 
maximum on the freezing-point curve of the 
system calcium-phosphate calcium-silicate. Two 
compounds 2,SiO,,PaO„ 3SiOg,P,Og, have also 
been isolated, the latter melting m thel»ryhydro- 
gen flame. 

Freshly pr^ipitated calcium phosphate com- 
bines with sulphur dioxide, becoming soluble in 
water. On heating the solution, (pome of the 
gas is liberated and a crystalline precipitate, 
having the composition f)Ca8S0|P|08,2H|0, is 
formed, a compound which is very stable (Ber. 
16, 1441). 

Calcium orthophosphate may be obtaine(J in 
the crystalline form by beating dicalcium pyro- 
phosphate with water, whereby it is resolved into 
phosphoric acid and tricalcium phosphate^whioh 
separates in rectangular plates 

3Ca,P,0,+3H,0=2C83(I’0.),+2H,P04. 

Tricaloiam phosphate is not decomposed by 
ignition. 

Dlcaloium ortl^pliospliate CagHglPOg)!. An 
aqueous solution *of phosphoric acid acta on 
precipitated chalk, forming small needle-shaped 
crystals of dioalcium phosphate. Dried at 1()0°4 
the salt contains |6H.O, v^oh it does not Io90 j 
below 116°. It is Boli^le in*ammonium dtn^- 
Boiled with water, i£^ partially (^opflB|f6wd 
into tricalcium phosphate. 

On mixing boiling solutions of sodium pboii- 
pbate, oaloium chloride, and aoetiq aoid« 
CagH,(P04)„HgO 

is formed ; if the solutions are mixed in the pold^ 
CagH3{P04)a,6H,0 is formed (Miilot, BuH Soo. 
chim. [2] 33, l^).e The salt is. also formed |^oly 
and Sorrel, Compt. rend. U8, 741) when tta^u* 
rated solutions are idxed m the cold if hydi^ 
chloric acid ip added. * 

When a bolutioo ef oakium ^<»ide is ini^ 
with one of Quinary sodium d^pSttte, a vdiitd 
crystalline precipitate of J0a^|[PO4)|,4H|O i* 



F 

ihtotro down. i% tbit talt Vhiob is oeoAion* i 
dly draosited tHfaie in stellar ao^gates. 
Itooordmg to JfeaqnereLand Berzehus, a tri< 
hydrate may also m obfained. These different 
(esnhl as regards water of crystallisation are 
probamy owing to the fact tlat the precipitates 
rary in alnount of water and solu Jlity in acids 
i^ccording to thg copditions of their precipitSN 
bion. 

Monooalclnm phosphate CaH4(P04), is ob- 
bained in rhombic tables by dissolving either^! 
bhe former phosphates in phosphoric acid and 
allowing the solution to spontaneously evaporate. 
It has a i^rong acid ruction, and deliquesces 
in air, dhwolving readily in water. A small 
quantity of water decomposes it, forming in- 
soluble dicalcium phosphate and free phosphoric 
aoii If cold, the hydrate Ca2Ha{P04)2,4H20 is 
formed ; if hot, the same salt, free from water, 
is precipitfifted. 

Monocalcium phosphate fuses on heating, 
giving up its water, and when heated to 200® it 
parts with Ihe elements of water, leaving a mix- 
ture of calcium pyrophosphate and metaphos- 
phoric acid * • • 

2CaH4(P04)a-Ca2P2O,-f2HP0,+3H2O. 
When the mixture is heated to a still higher 
temperature, pure calcium metaphosphate re- 
mains. 

Superphosphate of lime is a mixture of mono- 
caloium phosphate an^ calcium sulphate, which 
is manufactured as a manure. It is prepared 
by acting on bone-ash, rock phosphate, phos- 
phorites, other mineral phosphates with two- 
thirds their weight of sulphuric acid : 

Ca3(P04)t+2H2S04=CaH4(P04)2+2CaS04. 

Besides its use as a manure for root-crops, it is 
used in the manufacture of phosphorus {v. Fee- 
TILISKIW). 

Calcium pyrophosphate CaaPjO, is prepared 
by action of aqueous pyrophosphorio acid upon 
lime Water, or sodium pyrophosphate upon cal- 
cium chloride. If the precipitate thus obtained 
is absolved in sulphurous acid and the solution 
heate(^ the salt 8e|farates as a crystalline crust. 
The crystals contain four molecules of water. 

Calcium metaphosphates. The monosalt 
Ca(P03)2 is obtaiired by dissolving calcium car- 
bonate in orthophosphorio acid, evaporating, and 
heating the residue to 316®. It is an insoluble 
white powder. 

The dimetaphosphate Ca2(f 02)4,4H20 is ob- 
tained pure in the crystalline form by precipi- 
tating the corresponding alkali salt with excess 
0l cfidcium chloride. ^It is insoluble in water, 
it ii d^composedt by stronf sulphutio acid, 
dimetaphosphllle of calcium and am- 
J^iuffi‘*^(NH4)a(PO 3)4,21120 is obtained in 
■picular crystals by mixing a solution of calcium 
oWoride with excess of the ammonium salt. It 
Is insoluble in* water. 

Phosphato-ehlorldes of calcium are obtained 
by evaporating solutions 0! trioaloium phosphate 
in hydroohloifm acid. A saturated solution, on 
spontaneous evaporation, deffosits rhomboidal 
pUtes of 7CaK*(]^4),'CaJ)l2,14H20. If the 
solution is evapfrated over the water-bath, di- 
oaloinzn phosphite is first dcpositld, then, on 
further evapirallon* the aboVe pbosphatio chlor- 
ide oomes dov|k and afterwards white scales of 
CaH|(P04)3<3a9t.H|^ W% a solution of 

m « 
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dioaloium orthophosphate in hydroclsloxto . 
[•is saturated at ordinary temperatures with trt^ 
ttlcium phosphate, ^hen mixed with half the 
^antity of hydroomorio acid already oontaiied 
m it, and evaporatda, omooaling bellfw csystahi 
separate out of the compolltion 

4CaH4(P04),*CaCl„8H,0 
(Erlenmeyer, J. 1867, 146). • ^ 

Calcium silieo-phosphatc. Aooor^g to 
Carnot and Richard (Compt. rend. 97, Me)* the 
brownish-black* slag, formed in working the 
Thomas-Gilchrist process at Joeuf (Meurthe-et- 
Mosellc), ts covered with black crystals, some 
slender needles, others right rhombic prisms 
with brilliant faces, frequently aggregated in 
columnar masses terminating in vitreous, trans- 
lucent, blue crystals. Similar blue crystals 
found in the cavities, possessing the. constant 
composition SPjOs’SSiOf Al,Os‘FeO‘36CaO, 
essentially a calcium silico-phosphate 
Ca,(P04)2-fCa2Si0|. 

Calcium arsenates. Dicalcium arsenate oc- 
curs native as Aotd»»gen^Ca3H2(A804)2,H20, 
and pJiarmacolite Ca2H2(Asw.)j,6H20, and may 
be prepared by adding a solution of disodium 
arsenate to excess of calcium chloride.* The 
tetrahydric ^rsetate obtained by addition of 
lime water to arseiffc acid is soluble, while the 
tricalcium arsenate is insoluble in water, and 
may be prepared by precipitating calcium chlor- 
ide with trisodium arsenate. On evaporating 
a hydrochloric acid solution of calcium ammo- 
nium arsenate with platinum chloride, the mass 
left on ignition of tne plalinochloride is found 
to contain fine white prisms of the tricalcium 
orthoarsenate Ca3{As04)2 insoluble in acids* 
The metaarsenate Ca(A808)2 is formed as an 
insoluble crystalline powder when mixtures of 
arsenious anhydride and calcium carbonate are 
ignited. 

According to R. H. Robinson (J. Agric* 
Res. 1918, 13, 281), pure caldum^fRydrogen 
arsenate (CaHAsO^H.O) may be prepared by 
pouring an acidified si^ution of calcium chloride 
into an acidified* solution bf sodium hydrogen 
arsenate. It forms a heavy voluminous pre- 
cipitate which may be obtained ciystamne. 
It becomes anhydrous at 176®. Tricalcium 
arsenate Ca8(4s04),,2Ha0 may be prepared by 
pouring an alkaline calcium chloride solution 
into an alkaline sodium hydrogen arsenate 
ariiAion, when a heavy voluminous sparingly 
soluble precipitate of sp.gr. 3*23 is formed. 
Calcium ammonium arsenate 

CaNH4A802,7H20 

is produced by mixing a hot sdlAion of arsenic 
acid in excess of ammonia with calcium nitrate 
or chloride, when it crystallises on cooling in 
tables. In a vacuum over sulphuric acid, they 
^ecome Ca8(NH4)H2(A804)3,3H20, and when 
^dried at 100® have the compositifii ^ ' 

Ca,(NH4)H2(A804)e,3«20 
On ignition they are converted int^ calcium pyro* 
arsenate Ca8AB207 (Bloxam, Chem. News, 64i 
168). . 

Ano»er salt, Ca(NH 4 )|H 2 (AB 04 )„ is obtained 
bn adding excess of ammoniapto a solution pf 
di^oiumiarsenate in nitric acid, as a fiocculeiit , 
precteitate, soon becoming a n;^ of needlte^ 
The wme salt is obtsMed in or;jlitalif belongiC|| 
to the regular ^^rstem when the sdutibn o| t^ 





llinloiiiitLiidt i8 oniv partially pxaoipitatad and 
diowed to atand ; Imoe it appeani to be di- 
^orohoQs (Baumann). • « 

^CakdliSl aUielde was obtained by Moipsan bu 
leating ^Iciim oxldawHh excess of ailioon in 1 
larbon tube by meals of the electric furnace, 
't forms greyish crystals, sp.gr. 2*5, which are 
|jjwly decomposed by water with evolution of 
rydrogen. • 

Taiwra (Zeitsch. anorg. Chem. 62, 81 ) found 
hat nmlten silicon is miscible with molten* 
lalcium in all propoitions. 

Kolb (Zeitsch. anorg. Chem. 64, 342), by 
leating together calcium and silicon,* obtained 
wo silicides according to the component in 
ixoess. The products contain 63'6 jJ.o. and 
16*68 p.c. silicon respectively, corresponding 
ipproximately with the formulce Ca^Si^o and 
lajiSiie- * Both silicides are crystalline, evolve 
lydrogen with acetic acid, and evolve spontane- 
)usly inflammable hydrogen with dilute hydro- 
ihlorio acid. Ailicones are obtaine^ with strong 
lydrochloric acid. Both silicides *ab8orb nitro- 
gen near 1000*^, the nroducts having the respec- 
ive compositions CiBSigN, and CanSiioNig. 

Calcium silicates. Calcium oxide is an 
mpoHant base in a largo number of natural 
lilicates, and is the principal Ibasic^ constituent 
if the following minerals: oUasionite CoSiOg 
n tabular ^ar, occurring in monoclinic crystals ,* 
CaHg(Si0g)g,Hg() ; xonalite 



dCaSiOg.HgO ; 


mroliU CagHj(SiO«)j,HgO ; 
lOaHg(SiO,)a*KF,4irgO. 


and apophylUte 


Gorgeu (Oompt. rend. 99, 266) obtained arti- 
idal wollastonite by fusing 1 gram of silica with 
15 grams calcium chloride and 3 grams common 
(alt at a cherry-red heat in a current of moist 
tir for half an hour. 

Doelter (Jahrb. Min. 1886^1, 119) found that 
n ftbse^ of steam, a hexagonal CaSiOg is 
dways loipiec^; hence wollastonite must have 
)een formed m presence of steam. Calcium 
lUicate is therefore dimoif hou^ 

Bankin and Wright (Amer. J. Sci. 39, 1) have 
)xamined the system CaO— AlgOg— SiOg, The 
neltiog-foints of the three components are 
2570* for lime, 2050* for alumina, and 1625* 
!or oristabolite, the high temperature modiflea- 
doi^f silica. Of the binary systems involved 
duinlna and silica form one compound, siUima- 
rite AlgSiOg, whilst lime and alumina ftrft 
[pur ^stinct compounds, CagAlgOg, CagAlgOj 4 , 
^aAlgOg, and CagAlioOjg. The third binary 
qrstem, lime*silica, also gives rise to four 
compounds,, OtiBiOi, CagSiOi, CagSigOT, and 
DaSiOg, the first mentioned of which, however, 
ioM not separate from the fusion. In the 
\mmy system throe comjwunds exist, but only 
saorthite CagAlgSigOg and CagAlgSiOg (? pureJ 
kehlen^) arejtoble at their meltingjpoint, the* 
mm CagAlgOg being unstable. Ime above 
QpQipoands do not form solid solutions to any 
Kitpnt, and thf authors did not detect in the 
Rt^j^lljulisations the eutectic ifi) structure com- 

— M ^ ^ alloys. s 

pitating the solution of any calcium 
ditm#or potassium sUicht^the ail' 
!>'0SK)g,3HgO and CaO‘lS)| hi^e 
‘ |>y Lomi^lhad Von AmmA re- 


(Ccmipl. 

chloronJ^tes heating4bo a hm tomperatitfo 
silica ana calcium chlo^ in fz^ortdon of one 
Pmoleoule to seven in pnsenoe of. water va$n«m 
* The first, 20aO*SiOg*CaC!lg, fomA bireliMKvo 
rhombic platoa ‘^e second, OaO*SiOi'C^i^ 
forms hexag^m plates, and is pzoduM more 
rapidly than the former, #bi<)b requires |ffo- 
longed heating. Both compounds are deoom* 
posed by water. 

. Calclu^ boride CaB^ was obtained by Moissan 
and Williams by heating quicklime with boron 
in an electric furnace, and by reducing calcium 
borate with aluminium in the presenoeiof carbon, 
then washing with hydrochloric and hydro* 
fiuorio acids and ether. It is a black crystalline 
body; sp.gr. 2*33. Nitric acid attacks it 
vigorously. 

It is also formed (Ber. 46, 1886) when 
calcium metaborate (80 grams) jl rpduoed 
by means of calcium (^ grams), the theoretical 
quantity of calcium boride being produced. 
The reaction product is extracted ^ith dilute 
acetic aoid, and then dilute HCl and hot water. 
So obtained iff is a light«brpwn micro-crystalline 
powder D^*=2*ll. 

Calcium borate occurs in nature in several 
combinations. The best known is colemanite 
HCa(BOj) 3 , 2 HgO, which crystallises in beautiful 
monoclinic prisms. # 

Calcium sillcoborate OaO'2SiOg*CaB.Og 
occurs with one moleoulcf of water as dathoUkt 
and with two molecules of water as botryoUte, 

Calcium tltanate or CaTiOg occurs in nature 
dS perovskiie, ^ 

Calcium slUcotitanate CaSiTiOg is a common 
constituent of nfiny igneous and metamorahic 
rocks, and is known as titanite or sptefte. 
Synthetic titanite forms blue crystels (melting- 
point 1221®), which usually enclose small crys- 
tals of perovskito (ZeitscLcsnorg. Chem. 73,293). 

Calcium monosulphide CaS. Perfectly dry 
lime remains unaltered on passing over it a 
current of dry sulphuretted hydrogen ; but^n 
hydrating the lime and again passing the gas, 
edeium sulphide is formed : * * 

Ca(OH),-l-HaS=CaS+2HgO. 

The most favourable tegiperature is 60® 
(Veley, Chem. Soo. Trana 1885, 478). 

It may also be prepared by heating the sul- 
phate with coal or oharooal, or by action of 
oarbemio oxide at a red heat : 

CaSO,-P4CO-C.S+4CO,. 

It may be prepared in the orystalline state 
by direct reduction of the sulphate with o^rboh 
in the eleotrio iimaoe ; * ^jliiUer (Cent, Mim 
1900, 178) has obtaine4|it in small cubes. 

Anhydrous oaldum^phide is a whitejMwder 
which ^mits a smell of SHg in the air. It toms 
yelbw on moistening, due to the formation of 
oxidised products. It is but sparing ap}n]ble 
in water, and is decomposed by boumgvwt^, 
with formation of hydroxide aUd 8ul]|^ymiit 
calcium 20aS4*2Hg0»CWH|3)g4*0a(Hu)g. 
pended in water, is readiJly decomposed by w- 
bonio acid, wirii formation of calcium carbonate 
and sulphuretted ^ 

OaS-bHg04COg«.OaC4+H#. 

After being heated, ^Mlcinm svjtebjjte sbiacs te 
dark, and waa lomi kaum as Ckmian'sl 
phMphotMt 



igykiam 
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&!OOfaii% to (CoBipt. rend/joa, ^ . 

60), oalocam |olphidf witii « olio^or* f 4^6 » med as alx)ve, bWes 0aJ3| toeas n 
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06 xnaT bf)P|6par6d as lollop : 29^xnfi of j 
_^_ powdsreo lime, Stained by heating theS 
bdiLof 'Hy]^bpui vulgariSf is intimately mixed 
grams of sulphur and grams of starch, 
nd 8 c.d! of a solution containing #6 gram basic 
osmuth Oitrate an^ 100 ac. of araolute alcohol 
if^dified a*lew drops of hydrochloric acid 
re added. The mixture is exposed to the air 
inta most of the alcohol has evaporated, and is 
hen heated to cherrv redness for 20 minu^s. 
/Hien completely cooled, the upper layer of cal- 
lium BulpliAte is removed, and the edeined mass 
>owderedand again heatckl for 15 minutes. The 
riolet phosphorescence of the product is due to 
he trace of bismuth. 0*1 p.o. of sulphides of 
mtimony, cadmium, mercury, tin, copper, lead, 
iranium, platinum, or zinc imparts a bluish* or 
^ellowish'groen tint to the phosphorescence. 
Itfanganese produces an orange shade. A mix- 
lure of 100 parts lime, 30 parts sulphur, 10 of 
ftarch, andl0*035 of lead acetate yields a sulphide 
seith a beautiful yollouish-green phosphorescence. 

Pure calcium carboyate mixed \vith 2 p.o. 
sodium carbonate, a^d 0 02 p.o. common salt, 
Seated with 30 p.o. sulphur and 0-02 p.o. bis- 
muth nitrate, yields a similar product to that 
obtained by use of Hypopus shells. Pure calcium 
sulphide does not phosphoresce ; the phenomenon 
is oue to small quantities of impurities ; thus in 
the last mixture it hay been shown by Veraeuil 
bo be due to* simultaneous presence of traces of 
bismuth oxide, sodium carbonate and chloride, 
and oalciup sulphate. 

These phosphorescing varieties of calcium 
sulphide are utilised in the manufacture of| 
luminous paints. Abney (Phil. Mag. [6] 13, 212) 
found that the emission spectrum showed greatest 
luminosity between G and F, and a feebler one 
extending from betw^n E and F as far as the 
red. The rays of the electric light somewhat 
beyond H on one side and G on the other are 
most active in exciting phosphorescence. 

Caleium disulphide GaS, is deposited in 
yellow crystals of^the composition CaS,,3H,0 
from the solution obtained by boiling sulphur 
with milk of lime and filtering while hot. 

pentaiUlphlde 00.85 is formed when 
the monosulphide or hydrate of calcium is boiled 
for a long time with excess of sulphur. Con- 
centrated solutions of calcium hydrosulphide 
Ca(KS)| also react energeticaly upon powdered 
roll sulphur ; on preventing access of air by per- 
fcffming the operation in a current of hydrogen, 

orange-red solution is produced with fall of 
temperature, and en warmii* the calcium is 
complete^ converted hdm 00-85. The reaction 
is reversible, a current of sulphuretted hydrogen 
causing depotition of sulphur and reformation 
of hySosuf^ide. 

Atdd obtained evidence indicating the 
possible existence of polysulphides as high as 
0fiS|, and suggests the constitution 

U<J)«.S.S.*. . . 

«toa» ol Idphoi in <be oh|in becoming 
jpyogWMfftYete Pip e looseIy^*attaokA(L (F(w the 
c^pAtion of Ume^solpbm: aoM dips, 
UBS Agi^iBnll. iSl, 1016). 


also formed an oxyaulphide of the compodlthm 
SCaS‘OaO,20H,O (flose). The same sobstaups 
i obtained in goil-cobumd needlts -^^hen tbi 
solution obtained by bmling crude calmum 
monoaulphide with much water is evaporated. 

According to Hoffmann ^Oompt rend, 
291), a mixture of two molecules of cftlcium m<mb^ 
sulphide and one molecule lime at a nd heat, 
Wms the oxyiiulphide 2^aS*CaO. Tka oxy- 
sulphide is contained in recently lixiviated sods 
residues. 

GeuthSr (Annalen, 224, 178) obtained orystak 
of CaS8*20a(),10HjO by boiling sulphur in milk 
of lime.* They dissolve in hydrochloric acid, 
forming hydrogen persulphide HjSa, and a little 
HjS. On boiling calcium monosulphide and 
sulphur with water, crystal^ of OaSj'SCaOjlSHjC 
were obtained. Divers obtained a compound 0! 
the formula llGaS*5CaO by igniting lime k 
a mixture of carbon dioxide on# carbon disul 
phidc. * 

Auld (Ghem. Soc. Trans. 107, 480), by boilinj 
together lime and sulpHur in proportioni 
calculated to give the disulphide obtained ii 
each case Kerschell’s crystals, for which h< 
proposes the f(Sriiula GaO,OaSj,7HjO. A linu 
sulphur wasn, used* os a fungicide, is preparw 
by boiling together one part of quicklime, tw< 
or more parts of sulphur, and ten parts of water 
The concentrated commercial product contain 
calcium polysulphides and thiosulphate, generally 
with minor^ proportions of sulphite and sulphate 
Calcium sulphydrate C^HS), is formed t< 
gether with the hydroxide when the monosulphid 
18 boiled with water. The best mode of pr« 
paring it is to pass sulphuretted hydrMe 
through the hydroxide or sulphide suspended i 
water, with constant agitation, until it ceases t 
be absorbed. It is^difficult to obtain in the soli 
state, being decomposed, when the sta^ of cry< 
tallisation is reached, into SH5 piS whic 
separates in silky prisms. 

Divers (GhemtSoc.^Trans. 1884, 270) obtaine 
it in the solid form by forcing sulphuretted hydn 
gen through semi-solid calcium hydroxide an 
water so as to obtain^a saturated solutwn of tl 
sulphydrate. Air was excluded, and, on settlii^ 
decanting in » stream of |I,S, and cooling b 
ice, crystals formed in abundance, ^ey ww 
colourless prisms, melting on slight rise m ten 
iflrlture with partial decomposition. The 
readily dissolved in a fourth of their wreight < 
water, and could not be removed from the tAm 
sphere of sulphuretted hydrogen without deooa 
position. They possess^ the Id^ula 
CaHjS^eHjO. 

Calcium sulphy^te may be t| 

depilatory. If sulp’ 


l^to thin milk of lime till the mass 
bluish-grey colour, the paste thmi form^ fh' 
thinly laid upon the surface uom IU« 

hair is to be removed, permits #f the te^idjr i«b 
moval pf the hair a minute or two aiterime% 
8orapin|L with a doll knife. U has been pm* 
posed f^employ it in the tea-yard. 
iCaloimii 0a(Sl|K0i[) 

islormecCaooording to Divme«,hy eotionof witee 
upodithe crystids ^ % laet-dBiiijihBd wit i 
0a(l3H)*-^H,oT0a(SH)OH-f»^ 
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' Also by onion of welter with cftlcium sulphicfo. 
M in interknr of heaps of soda waste ; and oy le* 
action between Ca( 0 H), 4 ^fcS in the ooal-gag 
poHfier. Biased to air, oryigtals of Ca(HS)« an 
rapidly eonfferted t» (i.(SH)OH, and conoeii- 
trated eolotions of tne sulphydrate exposed to 
w become rapidly covered with crystals, and an 
ftnndant crpp of*ci^als of Ca{SH)OH is ob- 
tained on passing in a current of air. The 
oryatalif are oolouness four-sided prisms of silky 
lustre, easily obtained dry, of the composition 
Ca(lSH) 0 H, 3 H 20 . .They slowly evolve SH, in 
air, and become yellow by absorption pf oxygen. 
They are readily soluble in water, but the solution 
rapidly decomposes into hydroxide an(^ sulphy- 
drate. They are insoluble in alcoholT 

According to Folkard (Chem. News, 49, 258), by 
exposing calcium hydroxide to the action of sul. 
phuretted hydrogen wtil it ceases to gain weight 
a grey powder of the composition 4 Ca(HO)a- 3 H 2 S 
is obtained. By the action of coal gas sul- 
phuretted hyorogen is evolved fipm it, and at 
100 ® water is eliminated, leaving 
Ca(Og^a‘Ca(SH)OH. 

This greyish-green powder, when gently heated 
in coal gas, leaves a yellowish- white salt- 
2Ca(H0)>‘Ca{SH)0|J-CaS, 

and this at a red heat forms 2CaO •Ca(SH)OH-CaS, 
which, when ignited in air, bums like tinder to 
.CoSO*. ‘ 

The lime-sulphur sol^-tions employed as 
insecticides and plant-sprays in agriculture, 
prepared by boilinff together water, lime, and 
sulphur, consist mamly of calcium polysulpliides, 
calcium hydroxysulphydrate, calcium thiosul- 
phate with sulphur held in solution. For their 
analysis, see Bodnar, Chem. Zeit. 1915, 39, 715 ; 
Analyst, 1916, 513; Ramsay, J. Agric. Sci. 
1914, 6 , 476. The following is an analysis of a 
typical lime-sulphur spray, ^p.gr. 1-3735, the 
results teing expressed in grams per 100 c.c. 
(Ramsaj^c.)^— 

Sulphur. Lime. 

Hydroxy-sulphydrate - associated 
containing . 0’944 with calcium 1-653 

Disulphide containing 14-716 
Freesalj^ur . 2311 

Thiosul^te containing 0^9 
Sulphate „ 0*07 « 


39-83 

sulphocarbonate 


CaCS,. 


12-877 

0-86 

0-11 

16-60 

Him 


, CftleltUU Biupuuvarwiuiie v/avo*. juiuh 
ever ,w-hich coal gas containing sulphuretted 
hydrogen has been passed readily absorbs carbon 
diBulp^de. Absorption is most complete when 
the is luoidtfiicd with water ; this material, 
when fouled, is mixed with an equal weight of 
slaked lime. The absorption of carbon disuTi 


iTphtde 

stops when one-third* of the sulphide is con- 
ysgted to sulphocarbonate CaS+CSj ** CaCSj. 

product for a short time to the*j 
rendered capable of removing 
[phiSe. 

, Op passing ^ydro^ saturated with vapour 
disulphide into a mixture of ^loium 
l^msMulphide and a little water, the l^id be- 
ecfniS'M. and in vacuo deposits red j^smatie 
veigr^isi^iiespcntfneedles of composition A 
C»(OH),'CaC8„7H,0. * 

. tha fcrfl^-auIpHpilnte it etnpIoj/4 in* 
€f xDOoosnlphide, yellow c^stala of 


2Ca(db).‘0ftCB.,lQHa0 
arc obtained, ♦ ^ 

. Prom these facts \Wey (dieA. Soo. Trans. 
1885, 478) concludes that the carkon disuMiide 
is absorbed b^r C»(^)OH, and not by Cal^ 
that the roacutfcis are as follows P 
, (1) taS+HaO - (^mOK 

(2) Ca(SH)..-f H^O - Ca(Sft)OH4-H,S. 

(3) 2 Ca(SH)OH-f CS, ** Ca(OH)»-CaCS,+H,a 
.The basic sulphocarbonate is unstable, 
bemg decomposed slowly by sulphuretted hy* 
drogen and readily by carbon dioxide. 

When milk of lime is agitated uith carbon 
disulphide, bright orange needles of a bgeio 
sulphocarbonate Ca(H0)2-CaCS8,6H,0 are de- 
posited. 

Calcium selenides. The monoselenide is 
formed as a flesh-coloured precipitate by pre- 
cipitating calcium chloride with •^potassium 
monoselenide. Lime water saturated with sele- 
niuretted hydrogen deposits crystals bf calcium 
selenide when exposed to the air. HVhen lime 
and selenium are heated just below rddness, a 
polyselonide toixed wkh,. calcium selenite is 
formed. 

Calcium sulphite CaSO, is formed when a 
solution of an alkaline sulphite is added to the 
solution of a calcium salt ; it is a white powder 
soluble in 800 parts of waber. It dissolves in 
sulphurous acid, and the solution on exposure 
to air deposits six-sided needles of the composi- 
tion CaS 0 s, 2 H 20 . 

The solution in sulphurous acid is known 
commercially as bisulphite of linfei, and is 
manufactured by passing sulphur dioxide into - 
milk of lime. Un Kynaston’s process (Pat, 
15659, 1884) a mixture of calcium chloride solu- 
tion, magnesia, and a little carbon^ of lime is 
brought mto contact with sulphur dioxide. The 
SO, is caused to ascend a Ragstone tower packed 
with pigeon-holed brickwork, while the mixture 
is allowed to run down the tower in such propor- 
tions, that from the base there runs a mixture of 
neutral calcium sulphite, suspended in a smu- 
tion of magnesium chloride cdUtaining the excess 
of sulphurous acid. The sulphite is settled out 
in tanks, the supernatant liquor drawn off and 
concentrated to 40®-45®Tw. ; ^hen a quantity of 
alkali waste is added to it in a closed iron vessel, 
and the whole heated, when sulphuretted hydro- 
gen is given off, and calcium chloride, magnesia, 
and calcium oarbosate with alkali cinders remain. 
The latter are removed in a strainer, and the 
emulsion is ready to be again treated with sulphur 
dioxide. The whole of the calcium carbonate 
present is converted to sulphite, carbon dioxide 
being evolved. % 

According to Bimbaum and Wittioh (Ber. 
13, 651), calcium oxide does not absorb sulphur 
dioxide gas below 400®, but at this temperature 
combination takes place rapidly with formation 
of a basic sulphite OaiSjOi* or 60a0’560t. At 
600® the gas is rapidly absorbed, but the 8 ul|d(^ 
splits up into sulphate and sulj^ide. 

Calcium lulphtee 00864 is frequently found 
in limestone rooks or ijiooB|pany with common 
salt in the anhydrous state M iW> mineral anhy^ 
(kite, Anhydfite occurs both in rhombiu crystals 
and in a semi-orystAlkid massive* (Hear 
colourisM crystals are coloured bke by exposure 
to radium, and fn J^hoi^oresoteit 



wtien Moie fr^uently the subhtrte is 

fOunii hydra^d as fypwtm OaSO|4?P|0, of 
whioli the '(wiilftrystaUlBed form is tenned 
a fibrous variety saiin-apart and a 
finel^rystallo-granular form ahbaster. Selenite 
oooms in 3Bne monoclinio frequently 

twinned m oharaoteristic arrow-help shapes. 

G^sum is fpwHA in the Keuper marls in 
Nottinghamshire, and at Ohellaston in Derby- 
shire. Selenite crystals exposed to radium are 
occasionally coloured, in parts, a faint smo^y 
brown. 

The anhydrous sulphate may be artificially 
obtained fh crystals resembling anhydrite, of 
sp.gr. 2*9, by fusing calcium chloride with exceas 
of potassium sulphate (Manroas, J. 1852, 9). 

Hydrated calcium sulphate is precipitated on 
adding dilute sulphuric acid or a soluble sulphate 
to an aqueous solution of calcium chloride. The 
ep.gr. of OTsum is 2*31. When it is heated 
to 100"-200° it gives up three-fourths of its 
water rather quickly, but it requires a tem- 
perature of 200°--250“ to expel the remainder. 
Dried aW9#“, the hydrate 2CaS()4,H,0 of sp.gr. 
2*7 is left. The anh^dious salt flises at a rod 
heat without decomposition, and on cooling, 
assumes the structure of anhydrite. When de- 
hydrated calcium sulphate is pulverised and 
mixed with water, it absorbs two molecules of 
water, and solidified to a very hard mass with 
evolution of heat, expanding in so doing so as to 
fill any mould in which it is cast, due probably 
to the outward thrust of the lath -shaped crystals 
of the hydrated salt during growth ; hence the 
use of gyjlium or plaster of Paris in preparing 
casts. If the gypsum has been heated to a little 
over 200®, thus being deprived of all its water, it 
becomes dead burnt, and takes up water very 
slowly and liithout hardening. 

Calcium sulphate is very slightly soluble in 
water, the anhydroid sulphate being nearly 
insoluble. The solubility of the hydrate attains 
a maximum at 35®, one part dissolving in 393 
pasts water (Poggiale) ; at 0® in 488 parts, and 
at 100® in 4(50 parts. The solubility is increased 
by piiesenc*o of hj^ochloric or nitric acids, or 
chlorides of ammonium or sodium, hence its 
presence in salt springs ; probably in most c^es 
partial double de^mposition has occurred. 

According to Lunge (J, Soc. Chem. Ind. 1885, 
31), the solubility of calcium sulphate in solutions 
of sodium chloride increases with the por- 
oentage of salt, but diminishc with increase of 
temperature. 

At 21*6®, 100 c.o, of a 3*63 p.c. solution of 
NaCl dissolves 0 ’6116^ram CaSO*. I 

At 18*0®, 100 C 4 J. of a 14’fB p.c. solution of 
NaCl dissolves 0*7340 CaSO*. 

At 101*0®, 100 O.C, of a 3*63 p.c. solution of 
NaCl dissolves 0*4891 gram CaSO*. 

At 102*5®, 100 O.C. of a 14*18 p,c. solution of 
NaCl dissolves 0*6248 pram CaSOi. 

Calcium chloride diminishes the solubility of 
the more it is concentrated, but at the 
boiling-point the oonoentration is immaterial 
Hydrochloric add increases tfie solubility both 
with jh&resae of concentration and of tempera- 
ture. t ' • 


thioB^phat^* Iprming calcium ''thiosulphate, 
which oommm with, the excess of th^s^um 
salt to fenm l|olab^doub]t thiosulphate. On 


I iidditioQ of alcohol, this double salt sepantes ais 
■^a thick heavy liquid, which solidifies, form^' 

J # 0 edle- 8 hapea oryst^, 

a Both calcium M barium sulpjate can %a 
conveniently and ^antit|tively liduoed at a 
temperature of 900 “960®*by means of a dry 
current of carbon monoxide. Reduction oo^ 
mences at 680®-'700®, becomes vigo^pus at* 760^ 
850®, and is practically finished at 900®. The 
seduction with carbon in an atmosplVsre of 
nitrogen begin# at 700®, « vigorous at 800®- 
900°, and is complete at 1000® {Bull. Amer. 
Inst, of Min. Eng. 1910, 917). 

, A large experimental plant for utilising, in 
Germany, the dumps of calcium sulphate 
resulting from the neutralisation of excess 
sulphuric acid in the sulphonation processes, 
consists in mixing the presscake with cqal and a 
slagging material, presuiwftbly of the composi- 
tion required to give a cement mixture ; this is 
fed into a typo of rotary kiln M metres long 
and 3 metres* in diameter whicn is coal-dust 
fired. The fumes containing sulphur dioxide 
are cleaned from dust by« electrostatic means 
(unsatisfactory at the time) and are passed into 
the sulphur trioxide converters. The cemeut 
produced frorai clinker is of satisfactory 
quality. (JfSoorChem. Ind. 287, 1919.) 

Calcium sulphate cements. Gypsum, hy- 
drated calcium sulphate CaS 04 , 2 H, 0 , is the ' 
source of this class of cementst which depend, 
for this property of sHting on the reaoquisitlon 
of the water associated with calcium sulphate 
in gypsum. « 

The chemistry of calcium sulphate cements, 
though much the simplest of that concerned 
with cements depending for their setting on 
bj^dration, is of considerable difficulty, and its 
present condition is far from definitive. Putting 
aside controversial views, the situation may be 
summansod thus ; tWhen CaS 04 , 2 Hj 0 is heated, 
it loses water, and at a temperature^f about 
107® becomes converted int# tne hemi- 
bydrate 2 CaS 04 ,H, 0 . When this substance is 
mixed with water, it 4a hydrated, and reforms 
CaS 04 , 2 H 20 , which cryetallises first b the 
orthorhombic, and finally in the monoclinio, 
system. The quantity of water* sufficient to 
bring the hemi-hydrate back to the fully hydrated 
conention is nftch smaller than is necessary to 
dissolve it ; but, nevertheless, complete crystal- 
^OQ is accomplished thus : the hemi-hydrate 
rFadny forms a supersaturated solution, from 
which not it but the dihydrato is deposited, 
The water thus released dissolves another por- 
tion of the hemi-hydrate, and the process of 
deposition is repeated IndefinMiLy until, pro- 
vided there was originally enough water to 
transform 2 CaS 04 ,H |0 into CaS 04 , 2 H| 0 , tlie 
whole of the former have been dissolved in 
y etail .and deposited in detail in the sha^ of 
the latter. As stated in the neotiotMds^itb 
with Portland cement, it is befeved 
formation of a supersaturated solnUon, depOld* 
tlon of the surplus dissolved maiHrial, and re-tUHi 
of the water for the solution of another fraction 
of the nteiul is general for cements whieh eet 
when mixed with water, and, dthoughHieie nre 
lOkny in the proof. ^t%e hypothesli II 
usefm. In the case of oaioinm sr^hate omea^ 
it ]&% he regarded mUirell estftinhy. 

The henu-hydiate 20fiB0«Hg0, coiiit|NPf|i . 



Maister^ Park. If heated to a 

fitgher temporainre, e. 7 . abOTB 130>”, it baeomel 
oonipletelv dehydrated, aid yieida CaS 04 . H, 
af peare tMtt CaSOt caa elaiat in two or m( 
modifie«tio&, which hehaTO dififerentJy rvm 
water As all ovAtually become hydrated, 
Jmt not all will set as plaster of Paris, it is 
probable th|^t only those which will set possess 
the characteristic property of forming a super* 
saturo^d solution, and allowing the mass 
crystallise in stagea^in the otannei described 
above. Keene’s cement and Estrichgips (floor- 
ing plaster) are examples of cemeDt% consisting 
suDstanlially of anhydrous calcium sulphate. 
Their setting is influenced by both th^ tempera- 
ture at which thev have been burnt and by 
the presence in tnem of small quantities of 
substances other than CaS 04 , the modu^ 
operandi, of which ie, exceedingly obscure. In 
whatever way they are prepared, the final 
product of setting is CaS 04 , 2 H 40 . 

Keane (J.*Phya. Chem. 1916,^^0, 701) shows 
that on heating gypsum with slow rise of 
temperature and cqpstant stirring a halt occurs 
in the rise of tomj^erature at 90° C., and under 
8 on\p conditions another halt at 139°. . There 
is also an inversion into plaster of Paris 
(CaS 04 )j,H ,0 At 107° and Fg. pressure, 
though the temperature m^y be raised to 200 ° 
il^^without this inversion being complete. In 
. Oerman practice the maximum temperature 
employed is 130°, in Engjosh practice 110°-120°, 
and in American 200° mav ^ reached. These 
differences are possible because of the rate 
influence of time and temperature on the inver- 
sion and the slowness witn which gypsum and 
plaster develop their true vapour pressures. 
The aame author considers there is only one 
, modification of anhydrous calcium sulphate, 
but thftt its properties vary with the degree 
of agglomeration, and these .with the method of 
formation. The setting ot plaster may bo 
retardecT^y ^ding flooring plaster, colloids, or 
any substance which will decrease the solubility 
of riie gypsum and ina^ased by adding sub- 
stances wl^h increase the solubility. 

The manufacture of plaster of Paris is 
f oondueffed by heating the^ mineral gypsum to a 
- temperature above that necessary to remove 
its water of crystaUiBation,«and below that 
e^uiilte to dehydrate it completely. Several 
methdds of bnming are in use, ovens, kettles, 
and rotatorv kilns being employed. In Eh^h 
practice a aunple oven of the kind shown (Figs. 
10 andll) is adopted, the g^um in lumps being 
piled on arches m which the fuel is burnt. In 
United S tel es the common plan is to grind 
the gypsum met, and heat it in a large iron pot 
or kettle set in hriekwork and heated horn 
below., This metiiod is known as ‘boiling,’ 
owing to the flne material being kept in a state 
of ilg^tion Jby the escaping steam. During 
t^pnfoess tw powdered material is stirred by 
an agitator dril en by power. A superior quality 
of puurtiOT is ilioduoea, but the method is slow 
tt^eciaicorive, and is gradually being abandoned 
ifiaTfe of the rotary cfdoiner. / 

, lu ’s oven the interior w divided 

by aboia foot from the floor, upon J^e 

Wiidifie J&e of i^Uoh play the flamfti fro# a 
imriM lam chamb« the 

. 4 jr psms afovards tflrot^h 


a I spJimrea into The gypsum* oimbw. ’'The 
aqueous.vapour passes aigey hy Jj^ohimp^ at ^ 
top of tne ovwu 


f I VJL VU19 i/Tvaa« ^ * 

n' Bumesnil's oven iPa form vdiich has been 



Fiq. 10. 

tlie peculiar arrangement of the lower fire-room, 
which has twelve openings, the lower blocks of 
gypsum being arranged sg^ as to facilitate the 
circulation of the draught from these. The 
firing is continued for about 4 hours, then the 
heat is increased for 8 hours, when all openings 
are closed, and 5-6 cubic metres of coarse 
gypsum powder spread equally ovD|>the top of 
the burning sulphate. By this means consider- 
able saving of Ml is effected. After standing 
12 hours to cool; the contents of the kiln are , 
removed. It is mostly in a state of powder, 
and the pulverisation is completea by g^ding 
in a stamp or roller mil4 The powder is then 
sifted and stored in a dry place. 

Many improvements on the old forms have 
been effected by making the furnaces continuous, 



• Fiq. 11. 

and so designing tham that|he gyfSTim is wjusto 
heated, anX ooasefuently, dew(fc*ted^«mgh* 
out This Ad is idso eosoretf by grinds tM , 
gypsmp before oalomation. , TbbwMes hi oreiMi; 
emptojfed are vwy num^us. p3»t <4 Petsy 




ft celaent woS • The jjaard even of^ean of 

finte ft wgrolvijig 03lnder, eupported mpoil f i^pi^wied ftbove, ty fusion (rf 
InlAe tramuonBy one of^whioh serves for the 
enMU of ta» heftted gftsrfHo^tl^ f|mftoe, 
and ^ %th(» for exit. The eetf^S m 
fonfi^ fiwan e hopper placed ahow tnrou^ p> 
tiftp'door in the «de of the cylinder, which 
nnnlftrly serves to discharge the material when 
tent The ManiAem oaloiner is proviM 
with a pre-heating chamber, which is placed 
a^ve%i& rotatif^g cylindrical furnace. The 
crashed ^psum ^ passed through the former 
by means ol a worm conveyor and then into the 
rotating cylinder, whilst the hot ga^s from the 
fumaoe pass in the opposite direction. In 
the Cummer ^tary calciner, which is much 
used in the United States, the rotating cylinder 
is surrounoed by a urick chamber, into which 
tjke hot gasos; first pass, and are reduced to a 
Igitable temperature by cold air through inlets 
?the waif* before passing through the calcincr. 

6thcr oftsmaare made stationary, but are pro- 
vide with revolving screws or •vanes, which 
aerve to keep the ground gypsum in constant 
motion, and also to discharge it. Some ovens 
are heated by means of superheated steam. 

In all cases the temperature must be care- 
fully r^ulated sb tiiat only the hemi-hydrate 
is obtamed. On account of the fact that a 
considerable quantity bf water has to be driven 
off, the temperature of the source of heat may 
be and in practice is considerably higher than 
107®, but^the temperature of the mass of 
gypsum must not be allowed to rise above this, 
iMt complete dehydration occur. 

* Plaster of Paris varies in odmposition accord- 
, log to the pdHty of the gypsum from which it is 
made. The following analyses are illustrative, 

Snd for comparison thf composition of the hemi 
i^vdiate is appended : — 


fJaloliuiMulphate (OaSoi) 
Water (ffaO) . 

Silica mOg\ . 

S and ferric QKlde 
,+F«|0|) 
caroenate , 
IlitftisiiQmcarbonatri 


20 aS 04 ,H ,0 

Commercial 
plaster of 
Paris 


1 

2 

p.c. 

p.c. 

p.c. 

M'S 

94'53 

88-65 

e*2 

4-12 

6-67 


— 

4*27 

1 _ 

0-67 

(0'47 

( • 


(8*07 

1-47 


^ Keene’s cement ^ usua^ made m tha 
ebnntry by fifct buinte^c to4ihe con 

diUon 9t plarter «pping the Imp* 

M * .»oltitloa U idm <rf%t«ilniainiuin »»iph»te. 
'wd rebufning at h tempetatuye of about Sw > 
Ibe operatte Bitog condooted in ovens in which 
the fuel is prevented from coming inly contact 
with the mater&il, so as to avcM aiBeqlo^tion. 
^ fo|bw% is a ty#iil azwlysis cl Keene s 
cement ol qtw^y 


&Ri| 

IMc{CaO 

■■ffide. 

esarbonici 


hydride (SO,) 
ydtideCOQi) 


Per cent, 
, tra<fe 
. . trace 
h 42'04 
, trace 

ft-W 


It wIK be SMW that dCeene’e eemesitis « 

■* of I 

andeuaiki 

ilditions is obeoucK and even the 4e(Wlty 
their use appears doubtfcl because flooring 
plaster {MatriMjps) is made by bumhig jpuw 
gypsum at about 600®, andf thoMh*deftiti^|^ 
of alunj and the like, sets well. ‘ Mfck’a -comeaf 
is produced by adding calcined sodium s^phaie 
OP potassium sulphate t(^ the completSy de- 
hydrated ^psum. Martin’s cement is we- 
pared like^Keene’s, but a solution of potasriam 
carbonate replaced the alum, * 

There are many different qualities of plaster, 
but all tire of the type of plaster of Paris, or of 
Keene’s cement. The former set in a few 
minutes, whilst the latter take several hotfra, 
and as the rate of settmi^f plaster of Paris is 
inconveniently rapid for some purposes, ‘re-, 
tarders,’ consisting of such or^janio substances 
as glue, bloo^ and vegetable jiftces, are often 
added. These substances of a colloidal nature 
probably act by obstructing the growth of the 
crystals of CaS0„2H,0, mid thus delaying 
the process of hydration, and, consequently, 
the setting. 

The chieO^ieiftof plasters made from calcium 
sulphate are for mafing castings or mouidfilgs fop 
interior decoration, for which their white 
conspicuous in the purer kiftds, and tbflte/i 
expansion on settin^gid causing the production 
of sharp outlines, peculiarly adapt them. On 
account of the solubility of^calcium sulphate in 
water, these plasters cannot be used for outdoor’ 
work. Minor uses are for making moult^ for 
any material which can be cast at a sufficiently 
low temperature, for making surreal support for 
broken limbs, and, as an addition to Portland 
cement, to lengthen its time of setting. 

Acid calcium su]phate CaSO^’HgSO* is formed 
by heating the neutral sulphate wi^ strong 
sulphuric acid to 80®-] 00®. A ^ortbm of , the 
porous mass produced dissolves and separates 
on cooling in miorosaopio prisms of the eosn^ 
position ^ove indicated# It is decomposed by 
water, even the moisture of the air, into gypsum 
and suliffiurio acid. , ♦ ^ 

Calelum sodium sulphate CaNai(B04)| oocurs 
native in rhombio prisms as the miimrm glau* 
berite. It may be ootained in tiie'same form % 
fuste together oaloium and sodium sulphatM, 
(^ibating 60 parts sodiutn sulphate (Glauber’s 
salt) with an emulsion of I part gvpsum in 26 
parts water to 80®, crystallme needles of 
CaS04-2Nas804.2^ 

are deposited. On fqriher heatup, these oiystitis 
are transformed into microsoopio ihombmdml 
crystals of glauberiJbe. 

In the Welsh process of manufaeti 
|%ium acetate, during evaporatiem of ti 
formed by double decompositjpi <rfw 
acetate by sodium sulphate, micaceous woanglmi, 
of i^uberite have ten notiodd by Ftwril 
(Ohem^Kews, 42, 6) to separate out, Tl# 
explaumuriiy oalohun su^hate so tenariotuil^ ; 
retains ^ummilphate. •* ^ 

^0ftto!nmpoteiiim«]a9plmt^ 

' * Ci804«,S04,H,0 

oooill hoUt* iliteaujibue or;«(ili«>atrivM^ 
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^ Jl“ two I oolot,„v„ „ vM..u™ ™ «,un«, mo exoeu ( 
«9(lt8. When a mixture of equal weights oft acid ii iiven off. 
anhydrous calcium sulphato^and potassium sufe, ^ ‘ 


Plate 18 stif^^d up with leak than ife 
water, the ntisa auddfuily solrr’ifies. •|f4~6 paiseo 
of water are used, tKe solidificaf^ is not quite 
BO rapid, but gives casts sup^or to those of 
plaster o4 Paris, ^asmuoh as they possess a 
polished surface. 

A Sjgdt of the composition , 

GaSO,*ENH^SO„i(^q * ' 

is obtained by adding an excess of potassium 
sulphate to a warm concentrated solution of 
ammonium sulphate which has been saturated 
with calcium sulphate. The same salt C3 formed 
when the double sulphate of calcium and po- 
tassium is treated with a warm solution of am- 
monium .sulphate (Passbender, Ber. II, 1968). 

Calchun thiosnIplEJIe CaS,03,6H jO is pre- 
pared by heating an emulsion of calcium sul- 
phate and sujphur in water. Divers (Chera. 
Soc. Trans, ISi^, 270) obtains itr by oxidation 
of calcium sulphydrate in a current of air, 
qalcium hydroxysi^hydrate being first formed 
and then oxidised by the SH, to thiosulphate 
€a(SH)aH-|-20|-fH,S:r=CaS.03+2Hj0 
It forms 4iriclin|c prisms solifble ,in their own 
weight of cold water. On ^heating the solution 
to 60®, it is decomposed with deposition of 
. sulphur. It used for the preparation of 
antimony cinnabar Sb.OSA'-usod in oil painting. 

Cftlciuni Ca(5D4,4H30 is prepared 

by dlMolyteg calcium c^bonate in aqueous j 
chromic abid, or u a light-yellow precipitate 
on imiSng concentrated solutions of calcium 
chlorhie ftnjd potassium chromate. Bourgeois 
(Jahrb. Min. 1 880, 1 Ref. 351) prepares the 
anhydrous salt By heating to bright redness two 
moieeules of the chloride with a molecule of 
pota^um chromate and one of sodiufn carbon- 
ate. It terns slender yelloV needles, formed 
from a wtongular prism, moderately soluble in 
water, and 4s hsed as a pigment. The hydrated 
palt gives ub its water at^OO®. 

W acid chromate CaCr,07,3H,0 is obtained 
in red deliquescent Ofystals by evaporating a solu- 
tion of tfee imidral salt in aqueous chromic acid. 

CaldBjapotwitomito 

forms y^ow suiy.peejdlcs, obteined by satu- 
rating acid potaasium chromate with calcium 
hydroxide. 

Detection nind Mfftimati^ vf €alciu7ti.-^h.e 
hydrated chlpride, t^n heated ia a non-lumi- 
nous flame on platinum wire, imparts to the 
name a red ooldur of less brilHancy than stron- 
tium, but stUttoery distkiot. If the compound 
to be t^ted is decomposed by ^drochlorio 
acid, it is only necessary to padj«ten tiie pla- 
tinum with the acid, and then dip it into 
the pOwdered spb^ttence. If thp compound is 
^ ^Ould be powdered and mixea 

tntft dtemoniqpi fluoride, gently heating on 
tell until the fluoride is volatilised ; it 
with sulphuric acid and tested 
^ on platinum wire, when JJie red 


The ^ectrum of this red l?ah> consistar of 
• large number of lines, which the green lir 
C&$ k most prominent. An6thef*charaot«fct 
line is the steong grange one Caa. A qudntit 
of calcium oBoiRde as little as *igm. ma 
qe detected oy the spoctrogjope. 

All the calcium salts except the sulphate dii 
solve readily in nitric or hydrochloric acid ; th 
carbonate, phosphate, arsenate, and oxalate ai 
insoluble, the sulphate sparingly, and almost A' 
the other salts of calcium are readily soiuhle i 
water. ^ 

Ammonium carbonate precipitates calciur 
carbonate from solutions Of calcium salts, thu 
separating it from the alkali metals. In orde 
to completely remove calcium (the carbonat 
being slightly soluble, 1 paii^ dissolving i 
40,000 parts water), it is flsual to pfecipitate i 
by means of ammonium oxalate in ammoniaoa 
solution, calcium oxalate being almost com 
pletoly insoluble in water. It is distinguishe* 
from barium and strontium by themmter solu 
bility of its sulphate, % solution ofcajcium sul 
phate giving an immediate precipitate witl 
barium salts, and one after some time witl 
soluble strontium salts. Calcium may be dis 
tinguished from barium and strontium by thi 
solubilities of the fluorides, 1 litre of watei 
dissolves 16 mg. CaF,; fjT mg. SrF,; J63( 
mg, BaF^ Barium fluoride Is used as tin 
reagqnt. The presence of SrCI, or NH4CI doei 
not affect the reaction, but BaCl* decreases it. 

Calcium is gonerqj^tly estimated qi^ifintitativelj 
as oxide or carbonate with intermediate precipita 
tion as oxalate, by addition of ammonia tiff the 
reaction is alkaline, and afterwards of ammo- 
■nium oxalate. The washed and ^ried oxalate 
is heated to low redness if it is to' be converted 
into carbonate ; but if the oxide is required it if 
imited over the blowpipe in a platinum cntcible. 
If boric or phosphoric, acids are present, thie 
method cannot be employed, and we calcium is 
then precipitated as sulphate adding diTute 
sulphuric acid and alcohofc Fbosphorip odd 
may also be first eliminated by adding ferric 
chloride and separating the |r<on..|md phosphoric 
acid by precipitation ^th aniiiioifla and amiuo^ 
niim acetate. The oaloiuni may then be 
estimated in the filtrate in the usual way. 

The rapid estimation ^ lime, in technical 
analysis, is geneij^lly performed by titration of 
the oxalate, after separation in the usual way, 
with standard permangmiatesoktion, at 60®-7<r, 
in the presence of sulphuriq acid. 

If st^bntium hadum .{ofe prelient in small 
amounts, the weighed jO^ium oxide is ^ssolved 
in nitric acid, eyaporOTW to dryness, and eqnd 
partii ol ^cohol and etheT added. The catinun 
nitrate diasolveB and barinaa|aid strontium tel 

%*^88enoe^of much magnesium Bonstadi 
(Ghent. R[e#8, 29, 209) reooi^mends use ol 
pot^him iodate, which complemy preo^tate* 
calcium, but not ^ trace of magnesium. G. B. 
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